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INTRODUCTION 

Nikola Tesla was born at Smiljan, Province of Lika, in Yugoslavia on 
July 10, 1856. From 1862 to 1874 he attended elementary and lower secondary 
school at Smiljan and Gospic, and high secondary one at Karlovac. From 1875 
to 1878 he attended the Advanced Technical School at Graz and finished his 
studies at the University of Prague in 1880. 

From the year 1876, when a student in Graz, Tesla was interested in the 
construction of a motor without commutator. In February 1882, in Budapest, he 
discovered the principle of the rotating magnetic field. In 1883, at Strasbourg, 
he made the first models of induction motors. The following year, Tesla left for 
the United States of America where he worked in Edison Labor:ttory for a 
short period of time; later, in 1885, he founded the <=nterprise "Tesla Ar-: Light 
Company" in New York. After founding the entreprise "Tesla Electric Company" 
in 1887, Tesla was able to obtain the· necessary financial and material. resources 
that were needed for the realization of his invention of the polyphase system of 
the transmission of power and for induction motors of highgrade efficiency. 

After taking out the original patents for the asynchronous motor and the 
polyphase system for the transmission of electric power on October 12, 1887, 
Tesla took out a further series of 40 patents within the same field from 1887 to 
1891. Tesla's polyphase system of power transmission was applied in 1891 at the 
hydroelectric power station at the Niagara Falls, the first three aggregdes of 
which began to operate in 1896 with a total amount of 15,000 horsepower. 

In the second half of 1890, Tesla started to work in the field of high 
frequency currents by building machine generators with a frequency of up to 
approximately 30 kds. In 1891 h~ invented a transformer for the pro
duction of currepts of high frequency and of high tension, which later became 
known as "The Tesla transformer"·. Tesla explained the results achieved in the 
field of high frequency currents ii1 his famous lectures which were held in 
the period between 1891 and 1893. Work in this field was interrupted temporarily 
owing to a fire in Tesla's laboratoty on March 13, 1895. 

After the erection of a new laboratory in 1896, Tesla resumed hi~ work 
once again, and from 1896 to 1914 he published a series of new inventions 
which are the fountainhead for contemporary radio technics. The discovery of 
the four tuned circuits system, which is the basis of radio transmission, is of 
particular importance here. The construction of a large radio station of 200 k\'V 
in Colorado, during 1899, enabled Tesla to apply the principles and ideas set 
forth in his lectures in 1892 and 1893. 
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In the spring of 1898, Tesla constructed a radio-guided ship model, and, on 
July 1, 1898, he took out a patent dealing with the remote control by radio of 
moving vessels and vehicles. By this invention, he laid the b:tSis for wireless 
telemechanics. He displayed the results of his work in th<.' article entitled "The 
Problem of Increasing Human En~rgy", published in June 1900. 

\'<lith these extremely important discoveries and inventions, Tesla occupies 
one of the outstanding pla~es in the history of modern sciences and technics. 
For his scientific accomplishments, Nikola Tesla received worthy and esteemed 
recognition from many distinguished scientific institutions, from rcnewned fellow 
scientists throughout the world. He w:tS presented with doctor's degrees from the 
following universities: . 

Sorbonne (Paris), Columbia, . Vienna, Prague, Beograd, Zagreb, Yale, 
Nebraska, Grenoble, Brno, Bucharest, Graz, Poitiers, Sofia, etc. 

He died in New York on January 7, 1943, where he had spent the longest 
period of his life. 

• 

The purpose of this book is to acquaint the reader with Nikola Tesla's most 
important works in the numerous fields of science to which he dedicated himself. 
Following Tesla's example, who published his inventions in lectures held at 
various .scientific institutions, who •:ook out numerous patents for his inventions 
during the course of his life, and who wrote articles in various newspapers and 
magazines, the book contains three parts: lectures, patents and articles . . 

The first part of the book . cont:tins five of the most important lectures of 
Nikola Tcsla in chronological order. Of primary importance is the classical lecture: 
"A New System of Alternate Current Motors and Transformers", held at The 
American Institute of Electrical Engineers, on May 16, 1888, in which Tesla 
explained the principle of his famous iqduction motor. Other important lectures 
herein included arc: "Experiments with Alternate Currents of very High-Frequency 
and their Application to Methods of Artificial Illumination", read before The 
American Institute of Electrical Engineers on May 20, 1891; "Experiments with 
Alternate Currents of High Potential and High Frequency" delivered befote The 
Institute of Electrical Engineers and at The Royal Institute in London, as well as 
at The International Association of Electricians in Paris, on February 3, 4 and 19, 
1892 respectively; "On Light and other High-Frequency Phenomena", held at The 
Franklin Institute in Philadelphia on February 24, 1893, and repeated before 
the American National Electric l-ight Association at Saint Louis in March of the 
same year. In these lectures, Tesla explained his achievements in the field of high 
frequencies and high voltages. This part of the book ends with the lecture; 
"High-Frequency Oscillators for Electro-therapeutic and other Purposes", held 
before The American Electro-Therapeutic Association at Buffalo, on Sep,tem· 
ber 13, 1898. 

The second part of the book deals with Nikola Tesla's patents, selected 
from the numerous patents registered at the Patent Office of the United States 
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of America. These patents are divided into select groups, each of the groups being 
arranged according to the order of registration. The first group numbers 2 5 patents 
for electrical motors and generators, while the second group consists of 9 patents 
for electric power transmission. Then follows a group of 6 patents for the solving 
of certain problems of lighting; then 17 patents for controllers and high frequency 
apparatus and a group of 12 patents from the field of radio·technics. After listing 
the important patent for radio·control and a group of 5 patents for turbines and 
similar apparatus, this part of the book ends with a group of 11 patents for the 
solution of various problems in which Tesla was interested. 

The third part of the book, which contains a cross section of Nikola Tesla"s 
scientific and technical articles, is also divided into select groups. Tesla"s articles 
are given in the order of their publication. The first group consists of 17 articles 
dealing with Tesla"s work on X-ray, Tesla's oscillator, high frequency currents, 
electric machin(:!s, electric discharge in tubes, and ends with an article on 
telephotography. The second group of this part deals with 8 articles concerning 
Tesla"s views about the world,. his opinions about the future of electricity, wherein 
he discussed technical as well as general problems, which are of interest for 
humanity. This part ends with Tesla"s own biographical sketch. 





CONTENTS 

LECTURES 

1. A Nezv System of Alternate Currml Motors and T1'amformers . • 

A lecture delivercJ before the AlEE, May 16, 1888 • 
• 

2. Experiments 111ith Allen1t1te Cmrmts of Very High Frequency and 
Their Application to Methods 'Jf A rtificial Illumination . . 
A lecture delivered before the AlEE, ;.\1ay 20, 1891. . 

3. Experiments 111ith Alternate C11rrents of High Potential and High 
Frequency . . . . . . • 

A lecture delivered before the IEE, London, Febr. 1892. 

4. On Light and Other High F1·equ.mcy Phenomma . . . . . . 
A lecture delivered before the Franklin Institute, Philadelphia, February 1893. 

and before the National Electric Li.;ht Association, St. Louis, Much, 1893. 

5. High F1WJ11ency Oscillators for Ele,ctro·Therape11tic and Other 
P11rposes . . . 
A lecture delivered before the Americ.ltl Electro-Therapeutic Association, Buffalo, 

Sept. B. 1898. .· 

PATENTS 
I MOTORS AND GENERATORS. • 

1. No. 3,4823 Commutator for Dynamo Electric Machines . 
· Application filed 1by 18, 188~. ., 

2. No. 336961 Reg11lator for Dynamo Electric ll·fachines • • 

Application fi led May 18, 188~. 

3. No. 336962 Regulator for Dynamo Electric Machines . • • 

Application filed June I, 188~. · 

4. No. 350954 Regulator for Dynamo El'ectric Machines . • • • 

Application filed January 14, 1886. 

5. No. 359748 Dynamo Electric Machine • • 

Application filed January 14, 1886. 

6. No. 382,845 Comm11tator for Dymimo Electric Machines . • 

Application· filed April 30, 1887. 

L· l 

1 ·15 

L·48 

L·107 

L-156 

P·5 

P-7 

P·ll 

P-15 

P-18 

P-2 3 



XIV 

7. No. 381968 

8. No. 381969 

9. No. 382279 

10. No. 390414 

11. No. 390820 

12. "No. 39on1 

13. No. 390415 

14. No. 555190 

15. No. 524426 

16. No. 405858 

17. No. 401520 

18. No. 406968 

19. No. 459772 

20. No. 416191 

21. No. 416192 

22. No . . 416193 

23. No. 416194 

24. No. 416195 

25. No. 418248 

26. No. 424036 

27. No. 445207 

28. No. 417794 

Electro Magnetic Motor 
Application filed October 12, 1887. 

Electro Magnetic Motor . 
Application filed No,cmber 30: 1887. 

Electro Magnetic .i\1otor . 
Application filed No,·embcr 30, 1887. 

Dynamo Electric Machine . 
Application filed April 23, 1888. 

Regulator for Attemate Current Motors . 
Appl ication filed April 21, 1888. 

Dynamo Electric Machine . 
Application filed April 28, 1$88. 

Dynamo Electric Machine for Motor . 
" Application · filed :t-hy 15, 18$8. 

Alternating Mot'J.' 
Application filed MJy 15, 1888. 

Electro Magnetic Motor . 
Application filed Oc<>ber 20, 1888. 

Electro Magnetic Motor . 
Application fi led Jan~ary 8, 1889. 

Metbod·of 0 per,;iing Electro Magnetic Motors . 
Application fi led February 18, 1889. 

Dy1Mmo Electric Machine 
Application fi led Morch 23, 1889. 

Electro Magnetic Motor . 
Application filed Apr;j 6, 1889. 

Electro l\•!agnetic Motor . 
Application filed :t-hy 20, 1889. 

Method of 0 peratmg Electro Magnetic Motors 
Application filed May 20, 1889. 

Electro . .Magnetic Motor . 
Application filed May 20, 1889. 

Eleclric l\1otor . • 

Application filed .M lY 20, 1889. 

Electro Magnetic j\ifotor . 
Application filed M1y 20, 1889. 

Electro Magnetic Motor . 
Application filed M.w 20 . 1889. 

Electro Magnetic Motor . 
Application filed May 20, 1889. 

Eledro Magnetic Motor 
Application filed May 20, 1889. 

Armature for Electric Macbines . . . 
(with A. Schmid) Application filed June 28, 1889. 

P-28 

P-37 

P-41 

P-46 

P-50 

P-55 

P-59. 

P-61 

P-65 

P-68 

P-71 

P-75 

P-78 

P-83 

P-86 

P-91 

P-94 

P-97 

P-103 

P-106 

P-110 

P-113 



29. No. 433700 Alternating C11Yre;1t L!c::ro Magnetic Motor . 
Application filed i\-!arch 26, 1,890. 

30. No. 433701 Alternating Curr.mt Motor . 
Application fi led March 26, 1890. 

31. No. 433702 Electrical Tramformer of In4uction Device . 
Application filed March 28, 1890. 

32. No. 433703 Electro Magnetic Motor . 
Applicotion filed April 4, 1890. 

33. No. 44792 1 Altert/(/ting Electric Current Generator 
Application fi led November 15, 1890. 

34. No. 455067 Electro Magnetic Motor . 
Application filed January 27, 1891. 

35. No. 464666 Electro Magnetic Motor . 
Application filed July 13, 1891. 

36. No. 511916 Electric Generator . 
Application filed August 19, 1893. 

II TRANSMISSION OF ELECTRIC POWER 

1. No. 382280 Electrical T1·ammiuion of Power . 
Application filed October 12, 1887. 

2. No. 382281 Electrical Transmiuioiz of Power 
Applicotion filed N.:>~ember 30, 1887. 

3. No. 381970 System of Electrical Distribution 
Appl ication filed Deccmb~r 23, 1887. 

4. No. 390413 S)•stem of Electr!wl Distrib11tion 
Application filed A!>lil 10, 1~S8. 

5. No. 487796 System of Electri~al Transmiuion of Power . 
Application filed May 15, 1888. · 

6. No. 511915 Electrical Transm;JSion of Power 
Application filed .llhy 15, 1888. 

7. No. 511559 Electrical T1·ammission of Power 
Application filed Decomber 8, 1888. 

8. No. 511560 System of Electrical Power Transmiuion : 
Application fii<.J Dt-<ember 8, 18$8. 

9. No. 405859 Method of Electrical Power Transmis.rion 
Application filed M:trch 14, 1889. 

III LIGHTING 

1. No. 335786 Electric Arc Lamp . 
· Application filed M:uch 30, 1885. 

2. No. 335787 Electric Arc Lamf! . 
Application filed July 13, 1885. 

XV 

· P-11 7 

P-120 

P-123 

P-126 

P-129 

P-1 34 

P-138 

P-1 111 

P-149 

P-158 

P-162 

P-167 

P-172 

• P-17:-l 

P-181 

P-1 84 

P-1 90 

P-195 

P-200 



XVI 

3. No. 447920 Method of Operating Arc Lttmps 
Applicotion fi led October I, 1890. 

4. No. 454622 System of Electric Lighting . 
Application filed April 25, 1891. 

5. No. 455069 Electric Incandescent Lttmp . 
Application filed ll-fay !4, 1891. 

6. No. 514170 Incandescent Electl-ic Light . 
Application fi led Ja<l"Jary 2, 1892. 

• • P-205 

P-208 

P-213 

P-216 

IV HIGH FREQUENCY APPARATUS AND CIRCUIT CONTROLLERS 

1. No. 462418 

2. No. 514168 

3. No. 568178 

4. No. 568176 

5. No. 568179 

6. No. 568180 

7. No. 577670 

8. No. 583953 

9. No. 593138 

10. No. 609251 

Method of and Apparatw for Electrical Conversion 
ttnd Distt·ibution 
Application filed February 4, 1891. 

Means for Generating Electric Currents . 
Applic.tion fi led August 2, 1893. 

Method of Regrtlating Apparatus for Producing 
Currents of High "J<requency . 
Application filed April 20, 1896. 

Apparatw for Prod11cing Electric Currents of Higb 
Frequency and Potential . . . 
Application filed April 22, 1896. 

Method of and Apparatus for Producing Currents of 
High Frequency . 
Application file<! July 6, 1896. 

Apparatus for Prod11cing Electrical Currents of High 
Freq11ency 
Application filed July 9, 1896. 

Apparattls for Producing Electric C11rrents of High 
Frequency . 
Application file<! September 3, 1896. 

Apparatlls for Producing Curren~s of High Frequency 
Application filed Qc•>bcr 19, 1896. 

Electrical Ttml! former 
Application filed Morch 20, 1897. 

Electric Cirmit C,mtroller • 
Applicotion filed June 3, 1897. 

P-221 

P-225 

P-228 

P-233 

P-237 

P-241 

P-249 

P-252 

P-25p 

11. No. 609245 Electrical Cirmit Gontroller 
Application filed Dc:::cmbcr 2, 1897. 

. P-262 

12. No. 611719 Electrical Cirmit Controller . P-267 
Application filed D~cmbcr 10, 1897. 

13. No. 609246 Electric Cirmit Controller . • P-272 
Applic.tion fi led Fcim~>ry 28, 1898. 



f4. No. 609247 

15. No. 609248 

16. No. 609249 

17. No. 613735 

1. No. 649621 . 

2. No. 685953 

3. No. 685954 

4. No. 685955 

5. No. 685956 

6. No. 685012 

7. No. 787412 

8. No. 725605 

9. No. 685957 

10. No. 685958 

11. No. 723188 

12. No. 1119732 

Electric Cirmit Controller • • • • 

Application filed Much 12, 1898. 

Electric Cirmit Controller • • • 

Application filed Much 12, 1898. 

Electric Circ11it Controller . • 

Application filed M~rch 12, 1898. 

Electric Cirmit Controller . • • . 
Applicati9n filed April 19, 1898. 

V RADIO 

Apparatm for Transmission of Electrical Energy . . 
Application filed September 2, 1897. 

Method of Intensifying and Utilizing Effects Trani· 
milled Thro11gh Natural Media. . . . . 
Application filed June · 24, 1899. 

Meth(Jtl of Utilizing Effects Tmmmitted Thro11gh 
Nat11ral Media . . . . • 

Application filed Ausust 1, 1899. 

:Apparatm for Utilizing Effects Trammitted from t1 

Distance to a Receiving Device Through Nat11ral 
j\1editl . . . . . . . . . 
Application filed September 8, 1899. 

ApParatus for Utilizing Effects T111nsmitted Thro11gh 
Natrtral Media . . . . 
Application filed No\'ember 2, 1899. 

Means for Increttiing the l ntemity of Electrical Oscil-
lations . . . . . 
Application filed March 21, 1900. 

Art of Transmitting Electrical Energy Th,wtgh the 
N at11ral Media . . . . . . . . . 
Application filed Moy 16, 1900. 

System of Signaling . 
Application filed July .16, 1900. 

• • • 

XVII 

P-276 

P-279 

P-282 

P-285 

P-293 

P-297 

P-303 

P-312 

P-319 

P-327-

P-331 

P-337 

Apparatus for the Utilization of 'Radiant Etzergy . 
Application filed Much 21, 1901. 

. P-343 

Method of Utilizing Radiant Energy . 
Application filed M.uch 21, 1901. 

Method of Signaling . . . . . 
Application filed June 14, 1901. • 

• • 

Apparatus for Transmitting' Electrical Energy . . 
Applicotion filed January 18, 1902. 

l?-348 

P-352 

. P-357 



XVIII 

VI TELEMECHANICS 

1. No. 613809 Method of and Apparatus for Controlling Mechanism 
of i\foving Vessels or Vehicles . P-363 
Applicotion filed July 1, 1898. 

VII TURBINES AND SIMILAR APPARATUS 

1. No. 1061142 Fl11id Propulsion . P-379 
Applicotion filed October 21, 1909. 

2. No. 1061206 T11rbine . . . P-383 
Application filed Jon·Jory 17, 1911. 

3. No. 1209359 Speed Indicator 0 P-3SS 
Applicotion filed ?.by 29, 1914. 

4. No. 1402025 Frequency Meter . 0 . P-396 
Applicotion filed December 18, 1916. 

5. No. 1274816 Speed Indicator. 0 P-400 
Application filC<l December 18, 19l(i. 

6. No. 131tl718 Ship's Log . 0 0 P-405 
Appl icotion fib! December 18, 1916. 

7. N o. 1365547 Flo!ll i'rfeter . P-408 
Applicotion filed December 18, 1916. 

VIII VARIOUS PATENTS 

1. No. 413353 Metbod of Ob;aining Direct 
Currents . 

from Alternating 

2. No. 455068 
Applicotion filed June 12, 1889. 

Electrical iHeter. 
Applicotion filed March 27; 1891. 

3. No. <164667 Electriwl Condenser . 
Applicotion filed A~sust 1, 1891. 

4. No. 514167 Electrical Conductor . 
Applicotion fi led Jonuory 2, 1892. 

' 5. No. 512340 Coil for Electro Magnets . 
Applicotion filed Julv 7, 189}. 

6 . .No. 568177 Apparatus for Prod11cing Ozone 
Applicotion fiiC<l June 17, 1896. 

0 

0 

7. No. 577671 Mamtfacture of Electrical Condemers Coils . 
Applicotion filed September S, 1896. 

8. No .. 609250 Electrical Igniter for Gas Engines . 
Applicotion filed Februory 17, 1897. . . 

9. No. 1113716 Fo11ntain . . 0 0 

Applicotion filed October 28, 1913. 

P-413 

0 P-420 

P-423 

0 P-425 

P-428 

0 P-431 

0 0 • P-435 

P-438 

P-441 



XIX 

1.0. No. 1329559 Valvular Cond1iit . • • . P-445 
Application filed Februory 21, 1916. 

1.1. No. 1266175 Lightning Protector • • • . P·451 
Application filed M•y 6, 1916. 

ARTICLES 
I SCIENTIFIC AND TECHNICAL ARTICLES 

1. Phenomena of Altemating C11rrents of Very High Freqffency . 
(The EL World, Fcbr. 21, 1891) . 

.2. An Eleclrolytic Clock . 
(The El. Engineer, Moy 6, 1891). 

3. Altemate C11rrent Electrostatic Ind11ctiott Apparattts . 
(The El. Engineer, M3y 6, 1891). 

.4. Electric Discharge itt Vammn Tubes 
(The El. Engineer, July 1, 1891). 

"5. Notes on a U1zipolar Dynamo 
• 

(The El. Engineer, Sept. 2, 1891). 

·6. On Roentgen Rays . 
(EI. Rev. Morch. 11, 1896). 

'7. On Reflected Roentgen Rays 
(EI. Re'' · April I , 1896). 

S. On Roentgm Radiations . 
(EI. Re,·. April 8, 1896). 

9. Roentgen Ray brvestigatiotts 
(EI. Re''· April 22, 1896). 

• 

• 

• 

'1 0. A11 Interesting Featr~re of X·Ray Radiations 
(EI. Rev. July 9, 1896). 

'11. Roentgen Rays or Streams . \ 
(c l. Rev. August 12, 1896). 

12. On the Roentgen Streams 
(CI. Rev. December 1, 1896). 

• 

• 

·13. On the Hmtful Actions of Lenard and Roentgen T11bes. 
(EI. Rev. Moy $, 1897). 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• • 

• 

'14. On the So11rce of Roentgen Rays and the Practical .Comtmction and 
Safe 0 peration of Lenard Tuber . . , 
(EI. Rev. August 11, 1897). 

15: On C11rrent Intermpters. 
(EI. Rev. Morch 0, 1899). 

·16. Electrical Oscillators : . • • • • 
(1!1. Experimenter, July 1919) • 

. 17. Developments in Practice and Art of Telephotography . 
(EI. Rc,·. Dec. 11, 1920). 

• • 

• 

A·3 

A-12 

A-14 

A-16 
• 

A·22 

A·27 

A-34 

A·39 

A-43 

A-49 

A·51 

A-56 

A-62 

A-69 

A-76 

A-78 

A·94 



XX 

II ARTICLES ON SOME .GENERAL PROBLE111S 

1. On Electricity . . 
(EI. Rev. J•n. 27, 1S97). 

2. The Problem of Increasing Hurtltlll Energy 
(The Century lllustroted Monthly M•s>Zinc, June 1900). 

• 

3. Tbe Transmission of Electric Enugy W ithout Wires 
(Eiectr. World and Eng. March 5, 19M). 

• 

A-101 

A-109· 

4. Science and Discovery are the great Forces u;hich 11/ill lead to the 
Conmmmation of the JVar . . . . 
(The Sun,Dcc. 20, 1914). 

5. Hotv Cosmic Forces Shape Our Destinies . 
(New York Amcricon, Febr. 7, 1915) . 

6. The Wonder World t.o Be Created by Electricity . 
{M•nuf•cturer's Record, Sept. 9, 1915). 

7 . Electric Drive for Battle Ships . 
(New York Herold, Febr. 25, 1917). 

Ill AN AUTOBIOGRAPHICAL ARTICLE 

1. Some Personal Recollections . 
(Scientific An1erican, June 5, 1915). 

PHOTOGRAPHS 

A-162 : 

. A-172' 

A-177 

A-185· 

. . A-195-· 

• 



LECTURES 





1 

A NEW SYSTEM OF ALTERNATE CURRENT MOTORS 
AND TRANSFORMERS • 

I desire to express my thanks to Prof~ssor· Anihony for the help he has given 
me in this matter. I would also like to .express my thanks to Mr . . Pope anJ Mr. Martin 
for their aid. The notice was rather short, and I have not been able to treat ~he subject 
sa extensive,Iy as I could · have desired, my health not being in the best condition nt 
present. I ask your kind indulgence, and I shall be very much gratified if the little I luvc 
dune meets your approval. · 

In the presence of the existing diversity of opinion regarding the rebtive merits 
oi the alternate and continuous current systems, great importance is attached to the 
question whether alternate currents can be successfully utilized .in the operation of motors. 
The transformers, with their numerous advantages, have afforded us a relatively perfect 
system of distribution, and although, as in all branches of the art, many improvements 
are desirable, comparatively little remains to be done in this direction. The transmission 
of power, on the contrary, has been almost entirely confined to the usc of continuous 
currents, and notwithstanding that many efforts ha\le been made to utilize alternate 
currents for this purpose, they have, up to the present, at least as far as known, failed to 
give the result desired. Of the various motors adapted to be used .on alternate current 
circuits the following have been mentioned: l. A series motor with subdivided field. 
2. An alternate current generator having its field excited by continuous currents. 3. Elihu 
Thomson's motor. 4. A combined alternate and continuous ci.trrent motor. Two more 
motors of this kind have suggested themselves to me. 1. A motor with one of its circuits 
in series with a transformer and the other in the secondary of the transformer. 2. A motor 
h&ving its armature circuit connected to the generator and the field coils. closed upon 
themselves. These, however, I mention onJy.incidentally . . 

The subject which I now have the pleasure of bringing to your notice is a novel 
system of electric distribution and transmission of power by means of alternate currents, 
affording peculiar advlntages, particularly in the way of motors, which I am confident 
will at once establish the superior adaptability of these currents to the transmission of 
power and will show that many results heretofore unattainable can be reached by their 
use; results which arc very much desired in the practical operation of such systems and 
which cannot be accomplished by means of continuous currents. 

Before going into a detailed. description of this system, I think it necessary to make 
a few remarks with reference to certain conditions existing in continuous curr~nt 
generator~ and motors, which, although generally known, are frequently disregarded. 

In our dynamo machines, it is well known; we generate alternate currents which 
we direct by means of a commutator, a complicated device and, it may be justly said, the 
source of most of the troubles experienced in the operation of the machines. Now, 

• Read before the AmeriC:ln Institute of Electric:tl Ensineers, May 16, 1888. 

2, Nikoh Tesl:1 
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the currents so directed cannot be utilized in the motor, but they must - again by 
mt>ans of a similar unreliable device - be reconverted. into their original state of 
alternate currents. The function of the commutator is entirely external, and in no way 
does it affect the internal working of the machines. In rc:llity, therefore, all madlines 
ate alternate current machines, the currents appcari·ng as continuous only in the external 
circuit during their transit from generator to motor. In view simply of this fact, alternate 
currents would commend themselves as a more direct application of electrical enerJzy, 
and the employment of continuous currents would only be justified if we had dynamos 
which would primari ly generate, . and motors which would be directly actuated by such 
currents. 

.c 
I 
I 
I 
lc 

Fig. 1. Fig. 13. 

But the operation of the commutator on a motor is twofold; firstly, it reverses the 
currents through the motor, and secondly, it effects, automatically, a progressive shifting 
of the poles of one of its magnetic constituents. Assuming, therefore, that both of the 
useless operations in the srstern, that is to say, the directing of the alternate currents on 
the generator and reversing the direct currents on the motor, be eliminated, it would 
still be necessary, in order to cause a rotation of the motor, to produce a progressive 
shifting of the poles of one of its clements, and the question presented itself, - How 
to perform this operation br the direct action of alternate currents? I will now proceed 
to show how this result was accomplished. 

Fig. 2. 

/ 
/ 

!(fj 
Fig. 23. 

' 

In the first experiment a drum-armature was provided with two coils at right angles 
to cadl other, and the ends of these coils were connected to two pairs of insulated 
contact-rings as usual. A ring was then made of thin insulated plates of sheet-iron and 

. wol)nd with four coils, cam two opposite coils being connected together so as to produce 
free poles on diametrically opposite sides of the ring. The remaining free ends of the 
coils were. then connected to the contact-rings of the generator armature so as to form 
t\'1-o independent circuits, as indicated in figure 9. It may now be seen what results were 
secured in th is combination, and with this view I would refer to the diagranis, figures 
1 to Stt. The field of the generator being independently excited, the rotation of the 
armature sets up· currents in the coils C C, va.rying in strength and direction in the 
well-known manner. In the pqsition shown in figure 1 the current in coil C is nil. while 
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coil C
1 

is traversed by its maximum current, and the connections my be such that the 
ring is magnetized by the coils c 1 c 1 as indicated by the letters N S "in figure ' la, the 
m.1gnetizing effect of the coils c c being nil, since these coils are included in the circuit 
of coil C. 

In figure 2 the armature coils are shown in a more advanced position, one-eighth of 
one revolution being completed. Figure 2a illustrates the corresponding magnetic 
condition of the ring. At this moment the coil c1 generates a current of the same 
direction as previously, but weaker, producing tire poles 111 s1 upon the ring; the coil 
c also generates a current of the same direction, and the connections may be s·uch that 
the coils c c produce the poles 11 s, as shown in figure 2a. The resulting pol:lrity is 
indicated by the letters N S, and it will be obsen•ed that the poles of the ring hlve 
been shifted one-eighth of the periphery of the same: 

In figurc.3 the armature has completed one-quarter of one revolution. In this phase 
the current in coil C is maximum, and of such direction as to produce the poles N S in 

s 

fig. 3. 

f1gurc 3a, whereas·. the current in coil C1 is nil, this coil being at its neutral position. The 
poles N S in figure 3a arc thus shifted one-quarter of the circumference of the ring. 

Figure 4 shows the coils C C in a still more advanced position, the armature ha.ving 
completed three-eighths of one revolution. At that moment the coil C still generates 
a current of the same direction as before, but of less strength, producing the 
comparatively weaker poles n s in figure 4a. The current in the coil C1 is of the same 
strength, but of opposite direction. Its effect is, therefore, to produce upon the ring the 
poles 111 and s1 as indicated, and a. polarity, N S, results, the poles now being shifted 
three-eighths of the periphery of the ring. 

In figtire 5 one-half of one revolution of the armature is completed, and the resulting 
magnetic condition of the ring is indicated in figure 5a. Now, the current in coil C is 
nil, while the coil C1 yields its maximum current, which is. of the same direction as 

l'i;;. 4 .. Fig. 4o. 

previously; .. the magnetizing effect is, therefore, due. to the coifs c1 c1 alone, and, 
referring to figure 5a, it will be observed that the poles N S arc shifted onc·half of the 
circumference of the ring. During the next half revolution the operations arc repeated, 
as represented in the figures 6 to Sa. · 

A reference to the diagrams will make it clear that during one revolution of the 
armature the poles of the ring are shifted once· around its periphery, and each revolution 
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producing like effects, a rapid whirling of the pole~ in harmony with the rotation of 
the armature is the result. If the connections of either one of the circUits in the ring 
arc reversed, the shifting of the poles is made to progress in the opposite direction, but 
the operation is identically the same. Instead of using four wires, with like result, three 
wires may be used, one forming a common return for both circuits. 

This rotation or whirling of the poles manifests itself in a series of curious 
phenomena. If a delicately pivoted disc of steel or other magnetic metal is approached to 
the ring it is set in rapid rotation, the direction of rotation varying with the position of 
the disc. For instance, noting the direction outside of the ring it will be found that 
in~ide the ring it turns in an opposite direction, while it is unaffected if pbced in a 

·c 
I 
i 
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I 
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Fig. 5. 

• 
I 
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Fig. )a. 

pos1t10n symmetrical to the ring. This is easily explained. Each time that a pole 
approaches it indpces an opposite pole in the nearest point on the disc, nnd an attraction 
is produced upon thnt point; owing to this, as the pole is shifted further :J.way from :he 
disc n tangential pull is exerted upon the s:une, and the action being constantly repeated, 
a more or Jess rapid rotation of the disc is the result. As the pull is exerted mainly upon 
that part which is nearest to the ring, the rotation outside nnd inside, or right and left, 
respectively, is in opposite directions, figure 9. -When placed symmetrically to the ring, 
the pull on opposite sides of the disc being equal, no rotation results. The action is based 
on the magnetic inertia of the iron; for .this reason a disc of hard steel is much more 
affected than a disc of soft iron, the latter being cnpable of very rapid variations of 
magnetism. Such a disc has proved to be a very useful instrwnent in all these investi· 

Fis. 6. Fig. 6a. 

gations, as it has enabled me to detect any irregularity in the action. A curious effect is 
also produced upon iron filings. By placing some upon a paper and holding them 
externally quite close to the ring they are set in a vibrating motion, remaining in the 
same place, although the paper may be mO\'ed back and forth; but in lifting the paper 
to a certain height which seems to be dependent on the intensity of the poles and the 
speed of rotation, they are thrown awny in a direction always opposite to the supposed 
m0vement of the poles. If a paper with filings is put flat upon the ring and the current 
turned on suddenly, the existence of a magnetic whirl mly be easily observed. 
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To demonstrate the complete analogy between the ring and a revolving magnet, 
a strongly energized electro-magnet was rotated by mechanical power, and phenomena 
identical in every p:uticular to those mentioned above were obsef\·ed. 

Obviously, the rotation of the poles produces corresponding inductive effects .lad 
may be utilized to generate currents in a closed conductor placed within the influence 
of the poles. For this purpose it is convenient to wind a ring with t~vo sets of 
superimposed coils forming respectively the primary and secondary circuits, as shown in 
figure 10. In order to secure the most economical results the magnetic circuit should 
be completely closed, and with this object in· vicw the construction may be modified 
at will. 

N 

Fig. 7. Fig. 7a. 

1l1e inductive effect exerted upon the secondary coils will be mainly due to the 
shifting or movement of the magnetic nction; but there may also be currents set up in the 
ci :cuits in consequence of the variations in the intensity of the poles. However, by 
properly designing the gcncmtor and determining the magnetizing effect of the primary 
coils the latter element may be made to disappear. The intensity of the poles being 
maintained constant, the action of the apparatus will be perfect, and the same result will 
be secured as though the shifting were effected by means of a commutator with an 
infinite number of bars. In sud\ case the theoretical relation between the energizing 
effect of each set of prinury coils and their resultant m.1gnetizing effect may be 
expressed by the equation of a circle having its centre coinciding with that of an 
orthogonal system of axes, and in whidl the radius represents the resultant and the 

·. 

Fig. 8. Fig. Sa. 

co-or~inatcs both of its components. TilCsc arc then respectively the sine and cosine of 
the angle a between the radius and one of the al<cs (0 X). Referring to figure 1 I, wc 
have r2 = x2 + yz; where x = r cos a, and y = r sin a. 

Assuming the magnetizing effect of each set of coils in the transformer to be 
proportional to the current- whid1 may be admitted for weak degrees of magnetization 
- then x = Kc and y = Kcl, where K is a constant and c and cl the current in both 
sets of coils respectively. Supposing, f urthcr, the field of lhe generator to be uniform, 
we have foi constant speed cl = Kl sin a and c = Kl sin (900 + a) = Kl cos a. 
where Kl is n constant. Sec figure 12. 

Therefore, x = Kc = K Kl cos a; 
· y = Kcl = K Kl sin a, and 

K Kl = r. 
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. That is, for a uniform field the disposition of the two coils at right angles will 
secure the theoretical result, and the intensity of . the shifting poles will be constant. 
But Jrom r2 __: x2 + yz it follows that for .y = 0, r = x; it follows that the. joint 
magnetiz.ing . effect of both sets of coils should be equal to the effect of one set when 
at its maxim\un· action. In transformers and in a certain· class of motors the .fluctuation 

of the poles is not of great 
·importance, but in another class 
of these motors i.t is desirable to 
obtain the theoretical result. 

In applying this principl~ 
to the construction of motors; 
two typical forms of motor 
have been developed. First, a 
form having a comparatively 

·· small rotary effort at the start, 
but maintaining a perfectly 
uniform speed at all loads, 

Fig. ·9. which motor has been termed 
synchronous. Second, a form 

pc•ssessing a great rotary effort at the start, the speed being dependent on the load. 
these motors may be operated in three different ways: 1. · By the alternate 

currents of the source only. 2. By a combined action of these and of induced· currents. 
3. By the joint action of alternate and continuous .currents. 

The simplest form of a synchronous inotor is obtained by winding a ,laminated ring 
provided with pole projections with fou r coils, and connecting the same in the manner 
before indicated. An iron disc having a segment cut away on each side may. be used 
as an armature. Such a motor is shown ·in figure 9. The disc being arranged to rotate 
freely within the ring in close·proximity to the projections, it is evident that as the poles 
are· shifted it will, owing to its tendency to place itself in such a position as to embrace 
the greatest number of the lines of force, 
closely follow the movement of the poles, and 
its motion will be synchronous with that of the 
armature of the generator; that is, in the 
peculiar disposition shown in figure 9, in which 
the armature produces by one revolution. two 
current impulses in ead1 of the circuits. It is. 
evident that if, by one revolution .. of the 
armature, a greater number of impulses is 
produced, the speed of the motor will be, 
correspondingly increased. Considering that the 
attraction exerted upon the disc is greatest when 
the same is in dose proximity to the poles, it 
follows that such a motor will maintain exactly 
the same speed at all loads with in the limits O 
of its capacity. · 

To facilitate the starting, the disc may be Fig. 10. 
provided with a coil closed upon itself. The 
advantage secured by such a coil is evident. On the start the currents set up in the mil 
strongly energize the disc ·and increase the attraction exerted upon the same by the ring, 
and currents being generated in the coil as long as the speed of the armature is inferior 
to that of the poles, considerable work may be performed by such a motor even if the 
speed be below normal. The intensity of the poles. being constant, no currents will 
be generated in the coil when the motor is tuming at its normal speed. 
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Instead of closing the coil upon itself, its ends may be· connected to two 
insulated sliding rings, and a continuous current supplied to these from a suitable. 
generator. The proper way to starf such a motor is to close the coil upon itself until 
the normal speed is reached, or nearly so, and then turn on the continuo·us current. 
If the disc be very strongly energized by a continuous current the motor may not be 
able to start, but if it be weakly energized, or generally so that the magnetizing effect 
oi the ring is preponderating it will starf and reach the normal speed. Such a motor 
will maintain absolutely the same speed at all loads. It has also been found that if the 
motive power of the generator is not excessive, by checking the motor the speed of the 
g~nerator is d iminished in synchronism with tbt of the motor, It is characteristic of this 
form of motor that it cannot be reversed by reversing the continuous current through 
the coil. . . 

The synchronism of these motors may be demonstrated experimentally in a varietv 
of ways. For this purpose it is best to employ a motor ' consisting of a station.ary field 
magnet and an armature arranged to rotate within the same, as indicatt:d in figure ll 
In this case the shifting of the poles of the armature produces a rotation of the latter 
in the opposite direction. It res·ults therefrom that when the normal speed is reach::d, 
the poles of the armature assume fixed positions relatively to the field magnet and the 

( /i 
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Fig. II. Fis. 12. 

same is magnetized by induction, exhibiting a distinct pole on each of the pole-pieces. 
If a piece of soft iron is approached to the field magnet it will at the start be attracted 
w1th a rapid vibrating motion produced by the reversals of polarity of the magnet, but 
as the speed of the armature increases .the vibrations become less and less frequent and 
finally entirely ·cease. Then the iron is weakly but permanently attracted, showing that 
the synchronism is reached and the field magnet energized by induction. . 

The disc may also.be used for the experiment. If held quite close to the armatur<! 
it will turn as .long as the speed of rotation of the poles exceeds that of the armature; 
but when the normal speed is reached, or very nearly so, it ceases to rotate and is 
permanently attracted. 

A crude but illustrative experiment is made with an incandescent lamp. Placing 
the lamp in circuit with the continuous current generator, and in series with the magnet 
coil, rapid fluctuations arc observed in the light in consequence of the induced currents 
set up in the coil at the start; the speed. increasing, the fluctuations occur at longer 
intervals, until they enti rely dis:~ppear, showing that the motor has attained its nonml 
speed. 

A telephone receiver affords a most sensitive instrument; when connected to any 
circuit in the motor the synduonism may be easily detected on the disappearance of the 
induced currents. · 

In motors of the synchronous type it is desirable to .maintain the quantity of the 
shifting magnetism constant, especially if the magnets arc not properly .subdivided. 

To obtain a rotary effort in these motors was the subject of long thought. In order 
to secure this result it was necessary to make such a disposition that while the poles 
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of one element· of the mo•or arc shifted by the alternat~ currents of the source, the poles 
produced u~on the ~thcr clement should always be ma1nta1ned 1n the proper relation t0 
the former, mespective of the speed of the motor. Such a condition exists in a continuous 
ctirrent motor; but in a synchronous motor, such as 'described, this condition is fulfilled 
only when l he speed is normal. · 

The object has been attained by placing within the ring a properly subdivided 
cyl:nctrical iron core wound with several independent coils closed upon themselves. Two 

Fig. 13 . 
. 

coils at right angles as in figure 14, arc sufficient, but a greater number may he 
advantageously employed. It results from this disposition that when the poles of the ring 
are shifted, currents are generated in the closed armature coils. These currents are the most 
intense at or near the points of the greatest density of the lines of force, and their effect is 
to produce poles upon the armature at right angles to those of the ring, at least theoretically 
so; and since action is entirely independent of the speed ·- that is, as far as the location 
of the poles is concerned - a continuouf pull is exerted upon the periphery of the arma
ture. In many respects these motors arc similar to the continuous current motors. If load is 
put on, the speed, and also the resistance of the motor, is diminished and more current 
is made to pass through the energizing coils, thus increasing the effort. Upon the load 
being taken off, the counter-electromotive force increases and less current passe.; 
through the primary or · energizing coils. Without any load the speed is very nearly 
equal to that of the shifting poles of the field magnet. 

It will be found that the rotary effort' in these motors fully equals that of the 
continuous current motors. The ·effort seems to be greatest when both armature and 
field magnet are without any projections; but as in such d ispositions the field cannot be 
very concentrated, probably the best results will be obtnined by leaving pole projections 
on one of the elements only. Generally, it may be stated that the projections diminish the 
torque and produce a tendency to synchronism. 

A char:ictcristic feature of motprs of this kind is their capacity of being very rapidly 
reversed. TI1is follows from the peculiar action of the motor. Suppose the armature to 
be rota\ing and the direction of rotation· of the poles to be reversed. The apparatus then 
represents a dynamo machine, .the power to drive this machine being 'the momentum 
stored up in the armatu.rc and· its speed being the sum of the speeds of the armature 
and ·the poles. If we now consider that the power to drive such a dynamo would be 
very nearly proportional to the third power of the speed, for this reason · alone the 
armature should be quickly reversed. But simultaneously \vith the reversal another clement 
is brought into action, namely, as the movement of the poles with respect to the 
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armature· is reversed, the motor acts like a transformer in which the· resistance of the 
secondary· circuit would be abnorm~lly d iminished by producing in this circuit an 
additional electromotive force. Owing 'to these .causes the reversal is instantaneous. 

If it is desirable to secure a constant speed, and 
at the same time a certain effort at the start, ~his 

result may be easily attained in a variety of ways. 
For instance, two armatures, ooe for torque· and 
the other for synchronism, may be fastened on the 
same shaft, and any desired preponderance may be 
given to either one, or an armature 'may be ~ound 
for rotary 'effort, but a more or less 1>ronounced 
tendency to synchronism may be given to it by 
properly constructing the iron core; and in many 
other ways.' . 

As a means of obtaining the required phas<· 
of ~he currents in both the circ'uits, the disposition 
of the two coils at right angles is the simplest, --Q c) 
securing the most uniform action; but the phast' · 
may be obtained in many other ways, varying with Fig. 14. 
the machine employed. Any of the dynamos at 
present in usc may be easily adapted for th is purpose by making connections to proper. 
points of the generating coils. In closed circuit armatures, such as used in the continuous 
current systems, it is best to make four derivations from equi-distant points or bars of 
the commutator, and to connect the same to four insulated sliding rings on the shaft .. 
In this case each of the motor circuits is connected to two diametrically opposite bars 
of the commutator. In such a disposition the motor may also be operated at half the 
potenfial and on the three-wire plan, by connecting the motor circuits in the proper 
order to three of the contact rings. 

In multipolar dynamo machines, such as used in the con\'Crter systems, the phase is 
conveniently obtained by winding upon the armature two series of coils in such a manner 
that while the coils of one set or series are at their maximum production of current, 
the coils of the other will be at their neutral position, or nearly so, whereby both sets 
of coils may be subjected simultaneously or successively to the inducing action of the 
field magnets . 

. ~~ ·~ 
[8Bs---t-~ 

~~~ 
Fig. 15. Fig. 16. Fig. 17. 

Generally the circuits in the motor will be similarly disposed, and various 
arrangements may be made to fulfill the r~quiremcnts; but the simplest and most 
practicable is · to arrange primary ci rcuits on stationary parts of the motor, thereby 
obviating, at least in certain forms, the cmpl.oyment of sliding contacts . In such a case 
th~ masnet coils arc connected alternately in both the circuits; that is 1, 3, 5 .. ... . . 
in one, and 2, 4, 6 . . . . . . in the other, and the coils of each set of series may be 
connected all in the same manner, or alternately in opposition; in the latter case a motor 
with half the number of poles will result, and its action will be correspondingly modified. 
The f igures 15, 16 and 17, show three different phases, the magnet coils· in ·each cirmit -



L-10 

being connected alternately in opposition. In tl;is case there will be always four poles, 
as in figures 15 and 17, four pole projections will be neutral, and in figure 16 two 
adjacent pole projections .will have the same polarity. If the coils arc connected in th..: 
same manner there will be eight alternating poles, as indicated by the letters 1l s' in fig. 15. 

The employment of multipolar motors secures in this system . an advantage much 
de-sired and unattainable in the continuous current system, and that is, that a motor may 
be made to run exactly at a predetermined speed irrespective of imperfections . in 
construction, of the load, and, within certain limits, of electromotive force and. current 
strength. . . · . 

In a general distribution system of this kind the following pbn should be adopted. 
At the central station of supply a generator should be provided having a considerable 
number of poles. The motors operated from' this generator should be of the synchronous 
type, but possessing sufficient rotary effort to insure their starting. \'V'ith the observance 
of proper rules of construction it may be admitted that the speed ·of each motor will be in 
some inverse proportiQn to its size, and the number of poles should be chosen accordingly. 
Still exceptional demands may modify this iule. In view of this, it will be advantageous 
to provide each motor with a gr::~ter r.embcr of pole projections or coils, the number 

Fis. 1s. Fis· 19. Fis. 20. Fis 21. 

being preferably a multiple of two and three. By this means, by simply changing the 
connections of the coils, the motor may be adapted to any probable demands. 

If the number of the poles in the motor is even, the action will be harmonious and 
the proper result will be obtained; if this is not the case the best plan to be followed 
is to make a motor with a double number of poles and connect the same in the manner 
bcfcrc indicated, so that h:~lf the number o( poles result. Suppose, for instance, th:lt the 
gener:~tor lm twelve poles, and it would be desired to obtai11 a speed eq~al to .!~ of 
the: speed of the generator. This would require a motor with seven pole projections or 
m~gnets, and such a motor could not be properly connected in the circuits unless fourteen 
armature coils would be provided, which would necessitate the employment ,r sliding 
contacts. To avoid this the motor should be provided with fourteen magnets and seven 
connected in each circuit, the magnets in each circuit alternating among thet:lselves. 
The armature should have fourteen closed coils. The action of the motor will not be 
quite as perfect as in .the case of an even number of .poles, but the drawback will not 
be of a serious nature. 

However, the dis:tdvantages resulting from this unsymmetrical form will be reduced 
in the same proportion as the number of' the poles is augmented. 

If the generator has, say, 11, and the motor 111 poles, the ·s·peed of .the motor will be 
e<;tlll to that of the generator multiplied by. ;, · · 

The speed of the motor will generally be dependent on the number of the poles, 
but there may be excep.tions to this rule. The speed may be modified by the phase of the 
currents in the circuits or by the characte·r of the current impulses or by intervals between 
each or between groups of impulses. Some of the possible cases are . indicated in the 
diagrams, figures 18, 19, 20 and 21, which are self-explanatory. Figure 18 represents 
tht' condition generally existing, and which secures the best result. In such a case, if the 
typical form of motor illustrated in figure 9 is emploY.ed, one complete wave in each 
circuit will produce one revolution of the motor. In figure 19 the same result will he 
effected by one wave in each circuit, the impulses being successive; in figure 20 by four, 
and in figure 21 by eight waves. 
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By such means any de!'ired speed mr.y be attained; that is, at least within the limits 
of practical demands. This system possesses thi~ advantage besides others, resulting from 
simplicity. At full loads the motors · show an efficiency fully equal to that of the: 
continuous current motors. The transformers present. an additional advantage in their 
capability of operating motors. They are capable of similar modifications in construction, 
and will facili tate the introduction of motors and their adaptation to practical demands. 
Their efficiency should be higher than that of the present transformers, and I base my 
assertion on the· following: ., 

In a transformer as constructed at present we produce the currents in the secondary 
circuit by varying the strength of the primary or .exciting currents. If we admit 
proportionality with respect to the iron core the inductive effect exerted upon the 
secondary coil will be propo;tional to the numerical sum of the variations in the strength 
of the exciting current per unit of time; whence it follows that for a given variation any 
prolongation of the primary .current will result in a proportional loss. In order to obtain . 
rapid variations in the strength of . the c\.trrent, essential to efficient induction, a great 
number of undulations are employed. From this practice various disadvantages result. 
These are, increased cost and diminished efficiency of the generator, more waste of energy 
in heating the cores, and also diminished output of the transformer, since the core is 
not properly utilized, the reversals being too: rapid. The inductive effect is also very 
smlll in certain phases, as will be apparent from a graphic representation, and there may 
be periods· of inaction, if there are intervals between the succeeding current impulses or 
waves. In producing a shifting of the poles in the transformer, and thereby inducing 
currents, the induction is of the ideal character, being always maintained at its maximum 
action. It is also reasonable to assume that by a shifting of the poles less energy will 
be wasted than by reversals: ·. 

DISCUSSION 

Mr. Martin - Professor Anthony, I believe, is here, and as he has given this subject some 
ottention, I think he mi,sht very properly supplement Mr. Tesb's paper by some remarks. 

Mr. Tesb - I want to express once more my best thanks to Professor Anthony for aiding 
me in many respects, and I hope he will be .able to explain many of the features in this system 
that I was un>ble to explain at present. . 

Professor Anthony - Mr. President and Gentlemen: I have been referred to;' as having hod 
something to do with these forms of motors. I am very glad to be able to add my teotimony to 
what Mr. Tcsla .has already given you in regard to their action, and I confess that on first seeing 
th" motors the action seemed to me an exceedin,sly. remarkable one. After my first visit to Mr. Tesla's 
works, some of the motors, I think these very two that you .see here on the table, wt're brought 
to me to make some tests of their' efficiency, and probably you will be more interested in those than 
in anything else that I might say. I am sorry I have not brought with me the exact' fi,sures that we 
obtained, but I can give you from memory somcthin,s of the result. This little motor that you sec 
hore gave us about half a horse.P<>wer, and ,save on efficiency of something above fifty per cent .. 
wl;ich I considered a very fair efficiency for a motor of this size. as we cannot expect on such 
small motors to .f;et as high efficiency as we can on larger ones. This, I believe,. is the armature 
that Mr. Tesl~ calls the armature for hi,sh rotary effort. This little pulley, which is only ahout three 
inches in diari1eter, sove a pull of somethios like fifty pounds. as I remember it on turning on 
the current, so thot you see the rotary effort is very considerable, and that is :also shown in the 
quickness with which the arm:ttur.e will reverse its motion on reversing the relation of the two 
<urr~nts which pass through the .two O(>posite coils. That could be done by shiftin,s two of ·the 
wires. or sirn(>ly shifting a revcrsin.t: key in one of the circuits, and the armature would stop and 
reverse its motion so quickly that it was almost ompossible to tell when the choose took place. 
Tl.at shows also the very considerable rotary effort that the armature presents. This motor (referring 
to the second specimen) gave us, I think, about l'A. h,p., and showed a somewhat higher efficiency 
thon the other- o little over sixty per cent. This would run, with. the armature as here constructed, 
almost at the speed of the ,generator even under a very heavy lood. When ti1e load was brou,sht 
up to the moximum load, where the efficiency began to fall off somewhot; the speed of rototion was 
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reduced. As 'I remember now; it was reduced to about t'venty.eight hundred, and the speed, Y"'' 
sec. kept up very nearly to thlt of the generator under heavy load. 

I can add very little to what Mr. Tesla hls already given you in .regard to these motors. 
I have no question but that all of you would be as much interested as I w.as in seeing them work. 
That is really the best way in which to determine what the motors will do. 

Mr. Tesla - Mr. President and'· Gentlemen: . Professor · Anthony just made the remark that 
the speed of this motor fell off when the.load was increased. That was due to the fact that thi• 
armature w•s designed tq secure a strong effort f rom the stMt. But if we make an armature which 
is onl y designed for synchronism, the speed will always be the Slme no matter what the load; only 
there is • disadvlntage that at the start the rotary force is so small that it is apt not to start. It 
wuuld geneCllly stl rt if put in a proper position, but if not . put in a proper position it might 
not stlrt. If we employ an armature consisting of .a cut·away block of steel with a coil, it will 
m•intain its speed at all loads. The importance of maint:Lining the intensity of the pole constant is 
that if this can be produced ,\·e can utilize, instead of the subdivided armature, an ordinary steel 
b!ock with the Slnie result. It is only desired to dose the mlgnet.ic field. You can readily see, if 
the poles arc fixed, that it is not necessary to subdivide the armature, if the intensity of the force is 
constlntly maintlincd the some. Dut, if the intensity is· not m•intoined the same, then it is necessary 
to subdivide, and generally in the results that I have obtained I haxc found thlt it is ne<:essuy to 
subdivide. I have also observed that in the tests of Prokssor Anthony the results obtained were 
superior. I attribute that to the fact that the dynamo has got a powerful field and • sm•ll armature 
ilnd the f ield is very concentroted, lnd for that reason probably, the result is nearer a thcorcticol resul t. 

Professor Thomson - I have been very much interested in the description g iven by Mr. Tesla 
of his new and admirable little motor. I have, as probably you may be aware, worked in somewhat 
similar dire<:tions, and towards the attlinmcnt of similar ends. The trills which I have made h~ve 
been by the use of a single alternnting current circuit - not a double alternating circuit - a single 
circuit supplring a motor constructed to utilize the alternation ~nd produce rototion. I have carried 
on sin'~ the last annual meeting of the Institute the development and perfecting, as far as my time 
allowed, of a Closed circuited armature ,...... if we may so term it - related .to the alternating field. 
That is, th! plan which I used ond which I brought to the notice of the Institute last ycor, wa< 
to make a laminated field and on ·thot field to place an ·armature · also la;ninated, winding upon 
the armature a coil which periodically is close circuited during the revolution by a suitable 
commutator or circuit-closing device. I have made several such motors on different designs an.l 
th~)' uniformly start from a stlte of rest and dc••clop power, and some of them show, at speds 
close to the rate of· alternations of the drnamo, a tendency to synchronize. Their rotary effort 
in most cases is a little greater nearer that point than at other points. I hope· sometime befor~ 
a ,!:real while to bring most of these results before the notice of the Institute. and I would therefore 
prefer dcla1ing further remarks on motors of this description . I certainly think there is a field for 
alternating motors, and there is undoubtedly an opportunity for obtaining n)otors which possess 
even some advant3ges over the continuous current motors. 

Mr. Tesla - Gentlemen, I wish to soy thlt the testimony of such a man as Professor Thomson, 
•~ being foremost in his profession, fl atters me very much. I. might say thot I havd worked in the 
same line with Professor Thomson at a period when the invention of Professor Thomson was not 
kr,own to me. I had a motor identically the same as that of Professor Thomson but I was anticipated 
by him. I believe that although that peculiar form of motor represents the disadvantage that 3 l)air 
of brushes must be employed to short circuit the armature coil, that such 3 .form of motor- may 
be made practicable for the simple reason th~t a motor represents a transformer, and such ·a trans
former \tc well know vic can bring to a very high efficiency. On the other hand, the ·armature 
mar be provided with conductors that are of comparatively low resistance, lnd it is a mere matter 
of mlkins a perfect · arrangc'tllerit for short circuiting. You will see 'the advantage of this· disposition 
of the closed circuit coil - tliat this action is always niaintaincd at the mlximum and it is indeed 
more perfect than if the polarities were shifted by means of a commutator . . . 

TESLA REPLIES TO DR. LOUIS .DUNCAN, EXPLAINING HIS 
ALTERNATING CURRENT MOTOR 

Tc• the Editor of Electrical Review: 
I find in your issue of last week a note of Mr. Duncan referring to my system of alternate 

current motors. 
· As I sec that Dr .. Duncan h>S not as yet .been made acqulintcd with the real character of my 

invention, I cannot consider his article in the light of a . serious criticism and would think it 
unnecesS>ry to respond; but desiring to express my consideration for him and the importlnce w.hich 
I attach to his opinion, I will point out here brucfly the characteristic fe>tures of m)' invention, 
inlSmuch as they have a direct be>ring on the article above referred to. 



L-13 

· . The principle of action of my motor will be "'"11 understood from the following: 
By passing alternate. currents .in proper manner through independent. energizing circuits in the 

motor, a progressive shifting or rotation ·Of the poles of t he same is effected. This shifting is more 
or less .continuous ·ae<ording to the construction of the motor and the character and relative phase 
of the currents employed, and I have indicated th(:' theoretical conditions which should exist in 
order to secure the most perfect action. . 

' !( a laminated ring be ·wound with four coils, and the same be connected in proper order 
to two indepcndc:nt circuits of an alternate· current generator adapted for this purpose, the pass:~ge 
ol' the currents through the coils produces theoretically a rotation of the poles of the ring, and in 
actual practice in a series of experiments, I have demonstrated the complete analogy between such 
a ring :ihd a revolving. magnet. From the application of this principle to the operation of motors, 
two forms of motor of a chltacter widely differing have resulted, one designed for constant and 
the other for variable load. The misunderstanding of Dr. Duncan is due to the fact that the prominent 
features of each of these two forms have not been specifically stated . In 'illustration of a reprc· 
sentative of the second class, I refer to Fig. 1, on page 1 of ELECfRICAL REVIEW of May 12th. 
Jn this instance, the armature of the motor is ·provided with two coils at right angles . As it may 
be believed that a symmetrical arrangement of the coils with respect to the poles is required. I will 
as;ume that the armature is provided with a great number of diametrically wound coils or conductors 
ciCised upon themselves; and forming as many independent circuits. Let it now be supposed that 
the ring is permMently magnetized so as to show two poles (N and S) at two points diametrically 
opposite, and th=tt ·it is rot:1teJ by me<:h:tnic:ll power. The ~rm~turc being station3.r}', the rotation 
of the ring magnet will set up currents in the closed armature coils. These currents will be most 
intense it or ncar the points of the greatest density of the force, and they will produ~e poles upon 
th• armature core at right angles to those of the ring. Of course there will be other elem"o~s 
entering into action which will tend to modify this, but for the present they may be left uncon· 
sidered. As far as the location of the poles upon the armature core is concerned, the currents 
generated in the ~nn:ltu re coils wiJI :llw,.ys act in the s:une manner, and will maintain continuously 
th~ poles of the core in the same position, with respect to those of the ring in any position of 
the latter and independently of the speed. From the attraction between the core and the ring, " 
continuous rotlry effort, constant in all positions, will result, the same as in a continuous current 
mctor with a great number of armature coils. lf the armature be allowed: to turn, it will revolve 
10 the direction of rotation of the ring magnet, the induced t urrent diminishing as the speed 
increases, until upon the armature reaching wery. nearly the speed of the magnet, just enou.~h 
current will flow through the coils to keep up the rotation . If, instead of rotati ng the ring h)' 
mechanical power the poles of the same ;He shifted by the action of the alternate currents in tho 
two circuits, the same results are obtained. 

Now compare this system with a continuous current system. In the latter we have alternate 
currents in the generator :tnd motor coils, and intervening devices for commutating the currcnt'i, 
which on the motor besides effect automatitally a pro,sressive shifting or rotation of the poles of 
the armature; here we have the same dements and identically the same operation, but without 
the commutating devices. In v.iew of the fact that these devices are entirely unessential to the 
operation, such alternate current system will - at least in many respects - show a complete 
similarity with a continuous current system, and the motor will act precisely like a continuous 
current motor. If the load is augmented the speed is diminished and the rotary effort corresponding ly 
increased, as more current is made to pass through energizing circuits; load being taken off th~ 
speed increases and the current, and consequently the effort, is lessened. The effort, of course, i> 
~:realest when the armature is in the state of rest. 

But since the analogy is complete, how about the maximum efficiency and current passin~ 
th1ough the circuits when the motor is running without any load, one will '. naturally inquire? It 
must be remembered that we have to deal with alternate currents . In this form the motor ~imply 
reprcsc>nts a transformer in which currents are induced by a dyn~mic action instead of by reversals, 
an.! as it 'might be expected the eHiciency will be maximum at full load. As regards t!>e current, 
there will be - at least under proper conditions - as wide a variation in its strength as in a 
transformer, and by observing proper rules, it may be reduced to any desired quantity. Moreover, 
the current passing through the motor when running free, is no measure for the energy absorb<:<! 
since the instruments indicate only the numerical sum of the direct and induced electro-motive 
forces and currents instead of showing their difference. 

Regarding the other class of these motors, designed for constant speed, the objections of 
Dr. Duncan are, in a measure, applicable to certain constructions, but it should be considered thlt 
such motors are not expected to run withour an)', or with a very light load, and, if so, they do not, 
when properly constructed, prcs~nt in this respect :lOY more dis:uJvantase th:tn tunsformcrs undc·r 
s imilar conditions. Besides, both features, rotary effort and t<.:n<.k·ncy to const3nt speed, may h~ 
combined jn a motor, and any desired prcpondcran'cc may be siv<:n to either one, and in thls m:mncr 
a motor may be obtained possessing any desired character and capable· of sotisf)•ins all possible 
demand in practice. 
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In conclusion, I will remirk, with all respect to Dr. Duncan, that the advani38es claimd 
for my system are not mere assumptions, but results actually obtained, and that for this purpoi-" 
experiments have been conducted through a long period, and with an assiduity · such as only a deep 
interest in the invention could inspire; nevertheless, although my motor is the fruit of Ions lab<or 
and careful investigation, I. do not wish to claim any other merit beyond that of having invented, 
and I leave it to men more competent than myself to determine the true laws of the principle 
and the best mode of its application. What the· result of these investigacions will be the future 
will tell; but whatever they may be' and to whatever this- principle may lead, I shall be sufficiently 
rerompenscd if later it will be admitted that I have contributed a share, however small, to the 
advancement of science. 

NIKOLA TESLA · 

New York, Moy 26, 1888. 

• . 
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EXPERIMENTS \X'ITH ALTERNATE CURRENTS OF VERY HIGH 
. FREQUENCY AND THEIR APPLICATION TO METHODS OF 

ARTIFICIAL ILLUMINATION• 

There ·is no subject more captivating, more worthy of study, than nature. To 
understand this great mechanism, to discover the forces which are active, and the laws 
which govern them, is the highest aim of the intellect of man. 

Nature has stored up in the universe infinite energy. The eternal recipient and 
transmitter of this infinite energy is the ether. TI1e recognition of the existence of ether, 
and of .the functions it performs, . is one of the most important results of modern 
scientific research. Tile mere abandoning of the idea of action at a distance, the 
assumption of a medium pervading all space :ind connecting· all gross matter, has freed 
the minds of thinkers of an ever present doubt, and, by opening a new horizon - new 
and unforeseen possibilities - has given fresh interest to phenomena with wh1ch we 
are familiar of old. It has been a great step towards the understanding of the forces 
of nature and their multifold manifestations to our senses. It has been for the enlightened 
student of physics. ·what the understanding of the mechanism of the firearm or of the steam 
engine is for the barbarian. Phenomena upon which we used to look as wonders bafflin;ll 
explanation, we now sec in a different light. The spark of an induction coil, the glow 
of an incandescent lamp, the manifestations of the mechanical forces of currents and 
magnets are no longer beyond our grasp; instead of the incomprehensible, as before. 
their observation suggests now in our minds a· simple mechanism, and although :lS to 
its precise nature all is still conjecture, yet w.e know .that the truth cannot be much 
longer hidden, and instinctively we feel that. the understanding is dawning upon us. 
We still admire these beautiful phenomena, these strange forces, but we are helpless 
no longer; we can. in a certain measure explain them; account for them, and we arc 
hopeful of finally succeeding in unraveling the mystery which surrounds them. 

In how far we can understand the world around us is the ultimate thought of 
every student of ·nature. The coarseness of our senses prevents us from recognizing the 
ulterior construction of matter, and astronomy, this grandest and most positive of 
natural sciences, can only teach us something· that happens, as it were, in our immediate 
neighborhood; of the remoter portions ·of the boundless universe, with its numberless 
stars and suns, we know nothing. But far . beyond the limit of perception of our sensr.s 
the spirit still can guide us, and so we may hope that even these unknown worlds -
infinitely small and great - may in a measure become known to us. Still, even if this 
knowledge should reach us, the searching mind will find a barrier, perhaps forever 
unsurpassable, to the tme recognition of that which seems to be, the mere appettl'ttll;·e 
of which is the only and slender basis of a.ll our philosophy. 

• A lecture delivcrC<l before the Anicrican Institute of Electrical En.;inccrs, at Coh:mbio 
Collesc, N . Y., Moy 20, 1891. 
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Of all the forms of nature's immeasurable, all-pervading energy, which ·Cvcr and 
ever changing and moving, like a soul animates the inert universe, eleCtricity ~nd 
m:1gnetism are perhaps the most fascinating. The effects of gravitation, of heat and 
light we observe daily, and soon we get' ac(4ston1ed to them, and soon they lose for us 
the character of the marvelous and wonderful; but electricity and magnetism, with their 
singular relationship, with their seemingly dual character, unique among the forces in 
nature, with their phenomena of attractions, repulsions and rotations, strange manifcstat· 
tons of mysterious agents, stimulate and excite the mind to thought ·and research. What 
is electricity, and what is magnetism? These questions hav.~ been asked again and again. 
Ihe most able intellects have ceaselessly wrestled with the problem; still the question 
has not as yet been fully answered. But while we cannot even to·day state what these 
singular forces are, we have made good headway towards the solution of the problem. 
We arc now confident that electric and magnetic phenomena arc attributable to ether, 
and we arc perhaps justified in saying that the effects of static electricity arc. effects of 
ether under strain, and those of dynamic electricity and electro-magnetism effects of 
ether in motion. But this still leaves the question, as to what electricity and magnetism 
:;.rc, unanswered. 

first, we naturally inquire, What is electricity, and is there such a thing as electricity? 
In interpreting electric phenomena, we may speak of electricity or of an electric condition, 
state or effect. If we speak of electric effects we must distinguish two such effects. 
opposite in character and neutralizing each Other, as · observation shows that two such 
vpposite .effects exist. This is unavoidable, for in a medium of the properties of ether, 
we cannot possibly exert a strain, or prod.uce a displacement or motion of any kind, 
without causing in the surrounding medium an equivalent and opposite effect. But if 
we speak of electricity, meaning a tbing, we must, I think, abandon the idea of tw'o 
ciectricities, as the existence of two such things is highly improbable. for how can we 
imagine that there should be two things, equivalent in amount, alike in their properties, 
but of opposite character, both clinging to matter, both attracting and completely neutral iz
in& each other? Such an assumption, though suggested by many phenomena, though 
most convenient for cxplaining·thcm, has little to commend it. If there i1 such a thing 
as electricity, there can ·be only one such thing, and, excess and want of that one thing, 
possibly; but more probably its condition determines the positive and negative character. 
The old theory of Franklin, though falling short in some respects, is, from a certain 

. pc.int of view, after· all, the most plausible one. Still, in spite of this, the theory of the 
two electricities is generally accepted, as it apparently explains electric phenomena in 
a more satisfactory manner. But a theory wl~ich better explains the facts is not necessarily 
true. Ingenious minds will invent theories ,to suit observation, and almost every inde
pendent. thinker has his own views on the subject. 

It is not with the object of advancing an opinion, bu't with the desire of acquainting 
you better with some of the results, which I will describe, to show you the reasoning 
I have followed, the departures I have . made - that I ventUre to express, in a fe.;;, 
words, the views and convictions which have led me to these results.· 

·I adhere to the idea that there is a thing which we have been in the habit of 
calling electricity. The question is, What is that thing? or, What, of all th ings, the 
existence of which we know, have we the best reason to call electricity? \Y/e know that 
it acts like an incompressible fluid; that there must be a constant quantity of it in 
nature; that it can be neither produced nor destroyed; and, what is more important, the 
electro-magnetic theory of light and all facts observed teach us .that electric and ether 
phenomena are identical. The idea at once suggests itself, therefore, that electricity 
m1ght be called ether. In fact, this view· has in a certain sense been advanced by Dr. 
Lodge. His interesting work has been read by everyone. and -many have been convinced 
by his arguments. His great ability and the interesting nature of the subject, keep the 
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rtader spellbound; but when the impressions fade, one realizes that he has· to deal only 
with ingenious explaaations. I must confess, that I cannot believe in two electricities, 
mud1 less in a doubly:constituted ether. The puzzling behavior of the ether as a solid 
to waves of light and heat, and as a fluid to the motion of bodies through it, is certainly 
explained in the most natural and satisfactory manner by assuming· it to be in motion, 
as Sir William Thomson has suggested; but regardless· of this, there is nothing which 
would enable us to conclude with certainty that, while a fluid is not capable of transmit
ting transverse· vibrations of a few hundred or thousand per second, it mrght not be 
capable of transmitting sud1 vibrations when they range into hundreds of million mil
lions per second. Nor can anyone 'prove that there are transverse ether waves emitted 
frvm an alternate current machine, giving a small number of alternations per second; 
tCI such slow disturbances, the ether, if at rest, may' behave. as a true fluid. .. . .. 

Returning to the subject, an·d bearing in ·mind that the existence of two electri.ci_ties 
is, to say the least, highly improbable, we inust remember, that we have no . evidence 
qf electricity, nor can· we hope to· get it, unless gross matter is present .. Electricity, 
therefore; cannot . be called ether in the broad sense of the term; but nothing woi.J..Id 
seem to stiind in the way of calling electricity ether associated with matter, or bound 
ether; or, in other words, that the so-called static charge ·of the molecule is ether as
sociated in some ·way with the molecule. Looking at it in tha·t light, ' we would be 
justified · in saying, that electricity is concerned in all molecular actions. : . . 

Now, precisely what the. ether surrounding the molecules. is, wherein it differs 
from ether in general, c~n only be conjectured. It cannot differ in density, ether. being 
incompressible; it must, therefore, be under some strain or in m.otion, and the latter 
is the most probable. To understand its functions, it would be necessary to have au 
exact idea of the physical construction of matter, of whid1, of course, we can only form 
a mental picture. · · 

But of all the-views.on nature, the ·one which assumes one matter and one force, 
and a perfect uniformity throughout, is the most scientific and most likely to be true. 
An infinitesimal world, with.:the ·molecules and their atoms spinning and moving in 
otbits, in much the 'same ma~4~r as celest_ial bodies, carrying with them and probably 
spinning with . . them ether, or in other words; carrying with them static . ch:trges; seems 
to my 'mind the most probable 'view, · and one which, in a plausible manner, accounts 
for most _of !he phenomena. .observed. The spinning of the molecules. and their ether 
sets up the ether terisions ·or electrostatic St!ains; the equalization of ether tensio11s sets 
up ether motions or electric currents, arid the orbital movements produce _'the eff.ects of 
electro and permanent magnetism. · 

About fifteen years ago, Prof. Rowland . demonstrated a most interesting and 
rmportant fact, namely, that a static charge ··carried around produces the effects· .of an 
C!ectric cutrent. Leaving out o~ considera.tion the precise nature of the mechanism, 'l'(hich 
produces the attraction and tepuis·ion of currents, and conceiving the electrostatically 
charged molecules in motion, this · experimental. f:ict g ives iLs· a 'fair idea· of magnetism. 
We can conceive lilies .or tubes of force which physically exist, 'being formed of' rows 
.of.dir.ected.moving molec;ul~; :;ve can see that 'these lines must be dosed, that they mu>t 
tend, to shorten an~ expand, etc: It like'l)'ise, explains in a reasonable: way,· the most 
puzzling phenomenon of all,. permanent· magnetism, .and! in .. general;:has ail the beauties 
of the Ampere theory w.ithout _possessing the vital · defect of the same, namely, the as
sumption of molecular currents .. . \Xfithout enlarging furthe.r :upon the subject, I would 
say, that I look upon all electrostatic, current and m:tgnetic phenomena as being due to 
ekectrostatic molecubr forces. 

The preceding remarks I. have deemed necessary to' a , full understanding of the 
subject as it presents itself to my mind. 
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Of all these phenomena the most important to study arc the current phenomena, 
on account of the already extensive and evergrowing use of currents for ·industrial 
purposes. It is npw a century since the first practical source of current was produced, 
and, ever since, the phenomena which accompany the flow of currents have been 
diligently studied, and through the untiring efforts of scientific men the simple Jaws · 
which govern them have been discovered. But these laws are found to hold good only 
when the currents are·of a steady character. When the currents are rapidly varying in 
strength, quite different phenomena, often unexpected, present themselves, and quite 
different laws hold good, which even now have not been determined as fully as is 
desirable, though through the work, principally, of English scientists, enough knowledge 
has been gained on the subject to enable ·us .to treat simple cases which now present 
themselves in daily pr:1.cticc. · 

The phenomen:1. whid1 are peculiar to the d1anging . character of the currents are 
greatly exalted when the rate of d1ange is increased, hence the study of these currents 
is considerably facilitated by the employment of properly constructed apparatus. It \\>as 
with this and other objects in view that I constructed alternate current machines capable 
of giving more than two million reversals of current per minute, and to this circumstance 
it is principally due, that I am able to bring to your attention some of the results thus 
far reached, whid1 I hope will prove to be a step in advance on account of their direct 
bearing upon one of the most import:1.nt problems, n:1.mely, the production of a practical 
and efficient source of light. 

·The study of such rapidly ·alternating currents is very interesting. Ne:1.rly every · 
experiment discloses something new. Many results may, of course, be predicted, but 
many more arc un~orcseen . The experimenter makes m:1.ny interesting observations. For 
instance, we take a piece of iron and hold it against a magnet. Starting from low alter
nations and running up higher and higher we feel the impulses succeed each other faster 
and faster, get weaker and weaker, and finally disappear. We then observe a continuous 
pull; the pull, of course, is not continuous; it 'only appears so to us; our sense of touch 
is imperfect. · 

\Yfe may next establish an arc between the electrodes and observe, as the alternations 
ri~c. tha't the note which accompanies altern:1.ting arcs gets shrille( and shriller, gradually 
weakens, and finally ceases. The air vibrations, of course, continue, but .they are too 
weak to be perceived; our sense of hearing fails us. 

. ' . 
We observe the small physiological effects, the rapid heating of the iron cores 

and conductors,. curious inductive effects, interesting condenser phenomena, and still 
more interesting light phenomena with· a high tension induction coil. All these experi
IUents ,and observations would be of the greatest interest to the student, but their des
cription woulq lead me too far from .the p~incipal sUbject. Partly for this reason, and 
partly on· account of their vastly greater importance, I will confine myself to . the 
descriptioq of the light effects produced by these currents. 

In the experiments to this end a high tension. induction coil or equivalent apparatus 
for converting currents of comparatively low into currents of high tension is used. "· 

· If you will · be sufficiently intereste~ in the results I shall describe as to enter into 
an experimental study of tl)is subject; if you .will be convinced of the truth of the 
arguments I shall advance - your aim will be to produce high frequencies :ind high 
potentials;· in other words, powerful electrostatic effects. You will then encounter many 
'difficulties, which, if completely overcome, would allow us to proouce truly wonderful 
results. ; · · · · 

First will be met the difficulty of obtaining the r.equired frequencies by means 
of' mechanical 'apparatus, and, if they be obfaincd otherwise, obstacles of a dif
ferent nature will present themselves. Next it will be found difficult to provide the 

• 
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requisite insulation without considerably increasing the size of the apparatus, for .the 
potentials required are ·high, and, owing to the rapidity of the alternations, the insulation 
presents peculiar difficulties. So, for instance, when a gas is· present, the discharge may 
work, by the molecular bombardment of.· the gas and · consequent heating, through as 
much as an inch of the best solid insulating material, such as glass, hard rubber, porcelain, 
sealing .. wax; etc:; in. fact, through any known insulating substance. The chief requisite 
in the insulation of the. apparatus is, therefore, the exclusion of any gaseous matter. , 

In general my experience tends to show that bodies which possess the highest 
specificdnductive capacity, such as glass, afford a rather inferior insulation to others, 
which, .while they arc good insulators, have a much smaller specific inductive capacity, such 
as oils; for instance, the dielectric losses being no doubt · greater in the former. The dif. 
ficulty. of insulating, of course, on.ly exists when the potentials are excess ively high, for. 
with potentials such as a few thousand volts there is no particular difficulty encountered in 
conveying currents from a machine giving, say, 20,000 alternations per second, to quite 
a distance. TI1is number of alternations, however, is by far too smaii for many purposes, 

. . 

Fit;. 1, 
. ·. 

though quite sufficient for some practical applications. TIJis difficulty of insulating is 
fortunately not a viti! drawback; it affects mostly .the size of' the apparatus, for; when 
excessively high potentials would be used, the light-giving i:leviccs would be located nor · 
far" from the apparatus, and often they would be quite close .to it. As the air-bombardment 
of the insulated:wire is dependent on condenser action, the loss may be reduced to a trifle . 
by using excessh•ely thin. wires heavily insulated. . · ... 
·: · :Another.difficuity wil!'be encountered in 'the capacity and self-induction necessarily . 
possessed by .the coil. If the coil be large, . that is,- if it contain a great length .of ·wire; 
it wiii be generally unsuited· for excessively high frequencies; if it )Je small, it may be 
'o/ell aqap~ed for such frequencies,. but the potential might then not be as high as desired. 
A good insulator, and preferably one possessing a small .specific induc~ivc capacity, would 
afford a two-f~ld . advantage. First, it would enable, us to construct a very small coil, 

3* 
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capable of withstanding enormous differences of potential; and secondly, such a small 
coil, by reason of its smaller capacity and self-induction, would be capable of a quicker 
aQd more vigorous vibration. The problem then of constructing a coil or induction 
apparatus of any kind possessing the . requisite qualities I regard as one of no small 
importance, and. it has occupied n1e for a considerable time. 

The investigator who desires to repeat the experiments which I will describe, witi1 an 
alternate current machine, capable of supplying currents of the desired frequency, and ·an 
induction coil, will do well to take the primary coil out and mount the secondary in such 
a manner as to be able to look through the tube upon which the secondary is wound. He 
·will then be able to ·observe the streams which pass from the primary to the insulating 
tube, and from their intensity he will know how far he can strain the coil. Without 
this precaution he is sure to injure the insulation. This arrangement permits, however, 
an easy exchange of the primaries, which is desirable in these experiments. 

. . 
Fis. 2. 

The selection of the type of machine best suited for tlie purpose must be left to the 
judgment of the experimenter. There arc here illustrated three distinct types of machines, 
which, besides· others, I have used in my experiments. · 

Fig, 1 represents the machine used in my experiments before this Institute. The field 
magnet consists of a ring of wrought iron with 384 pole projections. The armature . 
comprises a steel disc to which is fastened a thin, carefully welded rim of wrought iron.· 
Upon· the rim are wound several layers of fine, well annealed iron wire, whi<;h, · when 
wound, is passed through shellac. The armature wires arc wound around brass pins, 
wrapped with silk thread. The diameter of the armature wire in this type of machine 
should not be more than T of the thickness of the pole projections, else the ·Jocal action 
will be considerable. · 

Fig. 2 represents .a larger machine of a different type. The field magnet of this . 
machine consists of two like parts which either enclose an exciting coil, or else arc 
independently wound. Each part has 480 pole projections, the projections of one facing 
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those of the other. TI1e armature consists of a wheel of hard bronze, carrying the 
conductors which revolve between the projections of the field magnet. To wind the 
armature conductors, 1 have found it most convenient to proceed in the following 
manner. 1 construct a ring of hard bronze of the required size. This ririg and the rim 
of the wheel are provided with the proper number of pins, and both fastened upon a 
plate. The armature conductors being wo·und, the pins ar~ cut off and the ends of the 
conductors fastened by two rings which screw to the bronze ring and .the riD' of the 
wheel, respectively. The "·hole may then be taken off and forms a solid structure. The 
conductors in such a type of machine should consist of sheet copper, the thickness of 
which, of course, depends on .the thickness of the pole projections; or else twisted thin 
wires should be employed. · 

Fig. 3 is a smaller machine, in many respects similar to the former, only here the 
armature conductors and the exciting coil are kept stationary, while only a block of 
wrought iron is revolved. 

Fig. 3. 

It . would be uselessly lengthening this description were I to dwc.ll more on the 
details of ·constructioo ·of these machines. Besides, they have been· described somewhat 
more elaborately in. The Electrical E•tginccr, of March 18, 1891. I deem it well, however, 
to call the attention of the investigator to two things, the importance of which, though 
self evident, he is n7vcrthelcss apt to underestimate; namely, to the local action in the 
conductors which must be carefully avoided, and to .the dearance, which must be small. 
I may add, that since it is desirable to usc very high peripheral speeds, the armature 
should be of very large diameter in order to avoid impracticable belt speeds. Of the 
several types .of these machines which have been constructed by me, I have found that 
the type illustrated in Fig. 1 caused me the least trouble in construction, as well as in 
maintenance, and on the whole, it has been a good experimental machine. 

In operating an induction coil with very rapidly alternating currents, among the 
ftrst luminous phenomena noticed arc mturally those presented by the · high-tension 
d i$charge. As the number of 'alternations· per' second is increased,. or as :..__ ihe number 
being high - the current through the primary is varied, the discharge gradually changes 
in appearance. ·It would be difficult to describe the minor changes which occur, and the 
conditions which bring !hem about, but one may note five distinct forms of the discharge. 
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First, one may observe a weak, sensitive disch.arge in the form of a thin, . feeble
colored thread (Fig. 4a). It always occurs when, the number of alternations ·per second 
being high, the current through the primary is very s·mall. .In spite of the excessively small 
current, the rate of change is great, and the difference of potential at the terminals of the 
secondary is therefore conside11!ble, so that the arc is established at great distances; but 
the·quantity of "e~cctricity" set in motion is insignificant, barely sufficient to maintain 
a thin, threadlike arc. H is excessively sensitive and may be made so to such a degrte 
·that the mere act of breathing ncar the coil will affect it, and unless it is perfectly well 
protected from currents of air, it wriggles around constantly. Nevertheless, it is · in this 

.. 
' . 

Fig. 4a. Fig. 4b. 

form excessively persistent, and when the terminals are -approached to; say, one-third 
of the striking distance, it can . be blown 'out only with difficulty. This exceptional 
persistency, when · short, is largely due to the arc beipg excessively thin; pr~cnting, 
therefore, a very small surface to .the_ blast. Its great sensitiveness, when very long, is 
probably due to the motion of the particles of dust suspended· in: the air. 

When the qment through the primary is increased, the disd1arge gets broader and 
stronger, and t~c effect of .the capacity of the coil becomes visible until, finally, under 
proper conditions, a white flaming arc, Fig. 4b, often as thick as one's finger, and 
striking across the whole coil, is produced. It develops remarkable heat, and may be further 
d1aracterized by the absence of the high note which accompanies the less powerful 
disd1arges. To take a shock from .the coil under these conditions would not be advisable, 
although under different conditions, the potential being much higher, a shock from the 
coil may be taken with impunity. To produce this kind of discharge the number ol 
alternations per second must not be too great for the coil used; and, generally speaking; 
certain relations between capacity, self-induction and frequency ·must be observed. 

The importance of these elements in an alternate· current circuit is now well-known, 
and under ordinary conditions, the general rules· are applicable. I3ut in an induction coil 
exceptional conditions prevail. First, the self-induction !s of little impoctancc.before the 
arc is established, when it asserts itself, but perhaps never as prominently as in ordinary 
alternate current circuits, because the capacity is distributed all along the coil, and by 
rca<on of the fact that the coil usually discharges through very great. resistances; hence 
the currents arc exceptionally small. Secondly, the capacity goes on increasing continually 
as the potential rises, in consequence of absorption which takes place to a considerable 
extent. Owing to this there exists no critical relationship between these quantities, and 
ordinary rules would not seem to be applicable. As 'the potential is increased either in 
consequence of the increased frequency or of the increased current through the primary, 
the amount of the energy stored becomes greater and greater, and the capacity gains more 
and more in importance. Up to a certain point the capacity is beneficial, but after that it 
begins to be an enormous drawback. It follows from this that each coil gives the b'cst 
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result with .:l given frequency and primary current. A very .. large coil, when operated 

with currents of very high frequency, may not give :IS much :IS . 1
5 • inch spark. By 

adding capacity to the terminals, the condition may be improved, but what the coil 
really wants· is' a lower frequency. · . · 

When the fl:lming discharge occurs, the conditions arc evidently such that the 
greatest current is made to flow through the circuit. These 'conditions may be attained by 
varyi!'lg the frequency within wide limits, but the highest frequency at which .the fl:101ing · 
arc can sti ll be produced, determines, for a given primary 0Jrrent, the maximum striking 
distance of the coil. In the flaming discharge the· 'edal effect of the· capacity is · not 
perceptible; the rate at which the energy · is being stor~;:d then just equals the rate at 
which it can 'be disposed of through' the circuit. TI1is kind of. discharge is the severest 
test for a coil; the break, when it occurs, is of · the Mture of that in an overcharged 
Leyden jar. To give a rough approximation I would state that; with. an ordinary. coil of, 
say, 10,000 ohms resistance, the most powerful arc would be produced with about 
12,000 alternations per second. · 

· . \ '\Then the frequency is incrC:~Sed beyond that rate, the potential, of- course, r ises, 
but the striking dismnce may, nevertheless, diminish, p:uadoxical :IS it may seem. As the 
potential rises the coil attains more md more the properties of a static machine· until, 
finally, one may observe the beautiful phenomenon of the streaming discharge, Fig. 5, 
whid1 may be pro41Jced across the whole length of the coil. At that stage streams begin to 
issue freely from all points and projections. These streams will also be seen to pass in 
abundance in the. space between the prim:1ry and the insulating tube. When the potential 
is excessively' high they will always appear, even if the frequency be low, and' even if the 
primary be surrounded by :IS '!luch as an inch of wax, hard rupber, gi:IS~, o~ any . q_thcr 
insulating substance. This fimits greatly the output of the coil; but I will later shci,V how 
I haye been nble to overcome to a considerable extent this disndvantage in the ordinary coil. 

Fis. 5 . Fis. 6. 

. Besides the potential, the intensity of the streams depends ori the f rcquency; but 
if the coil be very luge they show themselves, no matter how low the fr;equencies used. 
For instance, in a very large coil of.a resistance of 67,000 ohms, constructed by me sonic 
time ago, they appear with as l<?w .~ 100 alternations per second and Jess, · the insulation 

of .the secondary being : inch of cbonite. When very intense they produce a nois~ 
similar .to that produced by the charging of :1 Holtz machine, but'· much more powerful, 
and they emit a strong smell of ozone. TI1e· lower the. frequency, the more apt they :lfe 
to suddenly injure the coil. With excessively high frequencies they may J>JISS freely' 
without producing any other. effect than to heat the insulation slowly and uniformly •. 

The existence of these str= shows the importance Of constructing ·an expensive 
coil so as to permit of one's seeing through the tube surrounding ,the prim:1ry, and 
the latter shouta be easily exchangeable; or else the space between the prim:1ry and 
se.:ondary should be completely filled up with insulating material so ·as to exclude all air. 
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The non-observance :of this simple ·rule in . the . construction of commercial coils ;s 
responsible for. the destruction of many an. expensive coil . . 
· . At the stage· when .the streaming discharge occurs, or with somewhat higher 

frequenCies, one may, by approaching the terminals quite nearly, .and regulating propedy 
the effect of capacity, produce a veritable spray of sma\1 silver-white sparks, or a bunch 
o.f excessively thin silvery threads (Fig. 6) amidst a powerful brush - each ~park or 
thread possibly corresponding to one alternation. This, when produced under proper 
con?itions, is probably the most beautiful discharge, and when an air blast is directed 
against it, it pr.esents a singular appearance. The spray of sparks, when received through 
the body, causes some inconvenience, whereas, when the discharge simply streams, 
nothing at all is likely to be felt if large conducting objects ace held in the hands 
to protect them fr~m receiying small burns. · 

If the frequency is still more increased, then ~he coil refuses to give any spark 
unless at comparatively small distances, and the fifth typical form of discharge may be 
observed (Fig. 7). The tendency to stre:tm out and dissipate is then so gre:tt that when 
the brush is produced at one 'terminal no sparking _occurs,· even if, as I have repeatedly 
tried, the hand, or ·any conducting object, ·is held' within the strean1; and, what is more 
singular, the luminous stream is not at ali' easily' deflected 'by the approach of a conduc;
ting body. · 

Fig. 7. Fig. 8. 
> 

At this stage the streams ·seemingly pass with ··the greatest freedom through 
r;onsiderable thicknesse.s of insulators, and it is particularly interesting to study their 
behavior. For this purpose it is convenient to connect to the terminals of the coil two 
metallic spheres which may be placed at any desired dist~nce, Fig. 8. Spheres arc 
preferable to plates, as the discharge can be better observed. By inserting dielectric 
bodies between the spheres, beautiful discharge phenomena may be observed. If the 
spheres be quite close and the spark be · playing between them, by interposing a thin 
plate of ebonite between the spheres the spark instantly ceases and the discharge spreads 
into an intensely luminous· circle several inches in diameter, provided the spheres are 
sufficiently ·large. The passage of the streams heaj:S, and, after a while, softens, the rubber 
so much that two plates may be made to stick together in this manner. If the spheres 
are so far apart that no spark occurs, even if t,hey are far beyond the striking distance, by 
ins~rting a thick plate of glass the discharge is instantly induced to pass from the spheres 
to the glass in the form of luminous streams. It appears almost as though these streams 
pass. through the dielectric. In reality this is not the case, as the streams arc due to the 
molecules of the air which are violently agitated in the space between the oppositely 
charged surfaces of the spheres. When no dielectric other than air is prescrit, · the 
bcrnbardmcnt goes on, but is too weak to be visible; by inserting .a dielectric the inductive 
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eifect is much increased, and besides, the projected air molerules ·find an obstacle and 
the bombardment becomes so intense that the ·streams become luminous. · If by any 
mechanicaf means we could effect such a violent agitation of the molecules we could 
produce. the same phenomenon. A jet .of air escaping through a small hole uncle;· 
enormous pressure and striking against an· in~ulating substance,· such as glass, may be 
luminous in the dark, and it might be possible to produce a phosphorescence of the 
glass or other insulators in this manner. 
. The greater the spetific inductive capacity of the interposed dielectric, the more 

powerful the effect produced. Owing to this, the streams show themselves with 
excessively high potentials even if the glass be as much as one and ·one-half to two 
:inches thick. Dut besides the heating due to bombardment, some heating goes on 
undoubtedly in the d ielectric, being apparently greater in glass than in ebonite. I attributt: 
this to the greater specific inductive capacity of .the ·glass; in consequence of which, with 
the same pO:tential difference, a greater amount of energy is taken up in it than in 
rubber. It is like connecting to a battery a copper and a brass wire of .the same dimensions. 
The copper wire, though a more perfect · conductor, would heat more by reason of it; 
taking more current. Thus what is otherwise considered a virtue of the glass is here a 
dcffcct. Glass . usually gives way much .<piCker than ebonite; when it is heated to a 
certain degree, the discharge suddenly breaks through at one. point, assuming then •he 
ordinary form of an arc. · 

.; The heating effect produced by molecular bombardme~t of the dielectric woyld, of 
coprse, diminish as the pressure of the air is increased, and at enormous pressure it' would 
be' negligible, unless the frequency would increase correspondingly. · · · 

It will be often observed in these experiments that when the spheres arc beyond 
the striking distance, the approach of a glass pla(e, for instance, may induce the spark 
to jump between the spheres. This occu,-s when the, capacity of the spheres is some.what 
below ~h~ critical value which gives :the\greatest ~ifference of potential at the termi!1als 
of the coil.. By approaching a dielectric;\ the specific inductive capacity of the space 
between the spheres is increased, producing tbe same effect as if the capacity of the 
spheres~.were increased. The potential at'•the terrhrnals may then rise so high that· the 
air space is cracked. TI1e experiment is best performed with dense glass or mica. 

. Another interesting observation is that a plate of insulatfng. material, when the 
d;scharge is passing through. it, is strongly attracted by either of the spheres, that is by 
the nearer one, this being obviously due to the smaller mechanicar effect of the 
bombardment on that side, and perhaps also to the greater electrification. · ' 

. 
. From the behavior of the dielectrics in these c:xperiments, we .may conclude that 

the best insulator Jor these rapidly alternating· currents would be the one nossessing the 
smallest specific inductive capacity and at the same time one capable of withstandin~ 
the ·greatest differences of potential; and thus two diametrically opposite ways of securin.s:; 
the required insulation are indicated, namelv. to use either a perfect vacuum or a :;~s 
under great pressure: but the former would be preferable. Unfortunately neither of 
these two ways is easi ly carried out in practice. 

It is especially interesting to note the pehavior of an excessively hi.l!h vacubm in 
these experiments. If a test tube, provided with external electrodes and exhausted to ~he 
hi_ghest possible degree, be connected to the terminals of the coil . Fig. 9, the electrodes 
of the tube are instantly brought to a high temperature and the glass at e.ach encl of the 
tube is rendered intensely phosp}1orescent, but the middle appears comparatively dark, 
and for a while remains cool. · · 

When the frequency is so high that the discharge shown in Fig. 7 is; observed, 
considerable dissipation no ~oubt occurs in the coil. Nevertheless the coil may be 
worked for a long. time, as the heating is gradual, 
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In spite of the fact that the difference of potential. may be enormous,. little is .felt 
when the discharge is passed through the body, provided. the hands are arll)ed. This is 
to some extent due to the higher f~cquency, but principally to the.fact. that less energy 
is available externally, when the difference of potential reaches an enormous value, . owing 
to· the circumstance that, with the rise of· potential, . the: energy . . absorbed in the coil 
increases as the S'Juare of the potential. Up to ·a certain point the ·energy available 
externally increases with the rise of potential, then i\ begins to ,fall ()ff rapidly. :Thus, 
with the ordinary high tensioq induction coil, the curious . paradox exists, that, while 
with a given current through the primary the shoe)< might be'. fatal, with many times 
that current it might be perfectly harmless, even if the ·frequency _be the same . . With 
hjgh_ frequencies and excessively high potentials when' the . terminals are not connected 
to bodies of some size; practically all the energy supplied_ to . the primary is taken up by 
the coil. There is no breaking through, . no local injilry, but all #le material, insulating 
and conducting, is qniformly hc~ted. ·. . · · 

To avoid misunderstanding, in regard to the . physiological effect of alternating 
currents of very high frequency, I think it necessary to state · that, while it is · 
an undeniable fact· that they are incomparably less dangen:>us than ._currents of lqw 

.. 

,. 

Fig. 9. . Fig. 10. 
,, 

freque.ncies, jt should .not qe thought that .they are altogether r¥mless: . Wh~t has just 
been said refers only to Currents from an ordinary high tension induction coil,' w)lich 
currents are necessarily very small; if received directly from a machine or from a secondary 
of IO\V ' resistance, they produce more or les's powerful effects, ahd may cause ·serious 
injury, especially when used in conjunction with condenser~. . . . . 

The .streaming discharge of a high tension jnduction coil .cfi.ffers in many .~espects 
from that of a powerful static machine. In color it has neither the violet'of the positive, 
nor the brightness of the"negl!ti\•e,. static c\isCharge·; but l~es' somewhere between·, being, of 
coarse, alternatively· positive' and negative.' But since the streaming is . more'· powerful: 
when the point or te~minal is electrified p~sitively, than wl~eri · cilcctrified negatively; it' 
follows that the point of the brush is more. like the positive, and tl)e root more like the 
negative, static discharge. In . the duk1 wnen the brush 'is veiy powerful, the root may 
appear almost white. The '':'inc! produced by th~ escaping ~treams, _tho1;1gl~ it may be very 
strong - often indeed to such a: degree that it may be felt quite a -~istance from the 
coil- is, nevertheless, ·considering the quantity of the discharge, ·smaller than that pr9~uc.: 
ed by the positive brush of a static machine, and it affects the· flame much less powerfully. 
From the nature of the phenomenon· we can conclude:that:th'e ·higher the· frequency, t.he 
smaller must, of course, be thc 'wind produced by the streams, and with sufficiently high 
frequencies no wind at all would be produced at the ordinary ·atmospheric pressures. 
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·With frequencies obtainable by means of a machine, the mechanical effect is· sufficiently 
great 'to revolve, with considerable speed, . large· pin-wheels, which in the dark present 
a beautiful appearance owing to •.the:abu11-dance of the streams (Fig. 10).·. 

. In general, most of the. experiments usually ·performed with a-static machine can be 
performed with an induction. coil when oj,erated with ·very rapidly alternating eurrents. 
The ·effects produced, however, .arc • much· more striking, being .of incomparably greater 
power. When a .small length of ordinary co'tfon covered wire, Fig. 11, is attached to 
one terminal of the coil, the streams issuing from all points .of the · wire may be so 
intense as to produce a considerable light effect. \'V'hen the potentials and frequencies arc 
very high, a wire insulated with gutta percha or rubber and attached to one of the 
terminals, appears to be covered with a luminous film. A very thin bare wire when 
att~ched to a terminal emits powerful streams and vibrat!!S continually to and f co or 
spins in a circle, producing a singular effect (Fig. 12). Some of these experimer.:s have 
been described by me in The Electrical 1JY orld, of February 21, 1891. .. 

Another peculiarity of the rapidly alternating discharge of the induction. coil is its 
radically d ifferent behavior with.respect to points and rounded surfaces. ':• · . . 
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Fig. 11. Fig. 12. . ' . . . 
If .a t)1ick wire,_. provided with a ball at one end and with a point at the other, 

be attached to the positive terminal of a static machine, practically all the charge will 
be lost tluough the point, on account of the enormously greater tension, dependent on the 
radius of CUC'(ature. But if. such a wi re is attached to one of the terminals· of the· induction . . ' ' 

c.oil, it will be observed that w(tl1 very high .frequencies streams issue from the ball almost 
as copiously as .fro!ll):he point (Fig. 13) . 

. It is ·hru:dly conceivable that we could produce-such a condition to an equal degree 
in•a .static rnaehine, .for. the simple .reason, that the··tension increases as the square of 
the density, .which in' .turn is proportional to the radius of curvature; hence', with a steady 
pc-tential an enormous dlarge .would be-required to make streams issue from a polished 
ball while ·it is connected with -a point. But with an induction coil the discharge of 
whith alternates· wjtl1 great rapidity it is different. Here we have to deal with two 
distinct tendencies. First, there is the· tendency. to escape whid1 ,exists. in a condition 
of rest, and which depends· on the radius of. curvature; second, there is the tendency to 
di~sipate into the surrounding· air by ,condenser:: action, ·which depends .on lhe surface . 

. \'\!hen one of·these tendencies is at a maximum, the other is ·at a minimum. At the point 
the luminous ·stream is principally due to the air molecules corning-bodily il} contact with 
the point;. they are attracted and . repelled, charged .and discharged, and, their atomic 
charges being thus disturbed, vibrate and emit light waves. At the ball, on the contrary, 



L-28 

t~lere is no doubt that the effect is to a great extent produced inductively, the air 
molecules. not necessarily coming in contact .with the ball, though they -undoubtedly 
do so. To convince ourselves of this we only need to exalt the condeoser action, for 
ir~tance, by enveloping the ball, at some distance, by a better conductor than the 
surrounding medium,. the conductor being, of courie, insulated; or else by surrounding 
it , with a better dielectric and approaching an insulated conductor; in both cases the 
streams will break forth more copiously. Also, the larger the ba.Jl with a given frequency, 
or the higher the frequency, the more will the ball have the advantage over the point·. 
I3ut, since a certain intensity of action is required to render the streams visible, it is 
obvious that in the experiment described the ball sho).lld not be taken too large. 
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' . 
·. In consequence of this two-fold tendency, 1t 1s possible to produce by means of 

points, effects identical to those.produced by capacity. Thus, for instance, by attaching 
to one terminal of the coil .a smalf Jength of soiled wire, presenting many points and 
offering great facility to escape, the potential of the coil ·may be raised to the same 
value as by attaching to · the terminal a polished ball of a surface many times greater 
than that of the wire. ·· · 

An inter~ti.ng experiment, showing the effect of. the points, may be performed in 
the follow.ing manner:. Attach to one of the terminals of the coil a cotton covered wire 
about two feet !n length, :md adjust the conditions so that streams issue from the wire. 
In this expe~iment the primary coil should be preferably placed so that it extends only 
about half way into the secondary coil. Now touch the free terminal of the scconaary 
with a conducting object held in the hand, or else connect it to an insulated body of 
some size. In this manner the potential on the wire may" .be enormously raised. The 
effc~:t of this will be either to increase, or to diminish, the streams: If they increase, 
the wire is too short; if they diminish, it is too •.long. By adjusting the length of the 
wire, a point is found where the touching of the other terminal docs not at' all affe:t 
the streams. In this case the rise of potential is exactly counteracted by the drop through 
thc·coil. It will be observed that small lengths of·wire produce considerable difference 
in the magnitude and luminosity of the streams. TI1e primary coil is placed sidcwi~c 
for two reasons: First, to increase the potential at the wire; and, second, to increase tlie 
drop through the coil. TI1e sensitiveness is thus augmented. 

There is still another and far more sttiking peculiarity of the brush diScharge 
produced by very rapidly alternating currents. To observe this it is best to replace th~ 
usual terminals of the coil by two metal columns i!)Su!ated with a good thickness of 
ebonil'e. It is also well to close all fissures and cracks with wax so that the brusht~ 
cannot form anywhere except at the tops of the columns. If the conditions .are carefully 
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ailjusted- which, of course, must be ·lcft to the skill of the experimenter- so that 
the poten~ial rises to an enormous value, one may produce two powerful brushes several 
itKhes -long, nearly white at their roots, which in the dark bear a striking resemblance 
to two flames of a gas escaping under pressure (Fig. 14). But they do not only 1·esemble, 
they are veritable flames, for they arc hot. Certainly they are no~ as hot as a gas burr.er, 
but they fVOIIId be so if tbe frequency and tbe potential fVOIIId be i11fficiently high. 
Produced with, say, twentY thousand alternations per second, the he?-t is easily perceptible 
even if the potential is not excessively high. The heat developed is, of course, due· to 
the impact of the· air molecules agaimt the terminals and against ·each other. As, at the 
ordinary pressures, the mean free path is ex"cess.ively small, it is possible that in spit!:! 
of ·the ·enormous initial speed impa·rted to each molecule upon coming in contact with 
the terminal, its progress - by collision with other molecules - is retarded to su-:h 
an extent, that it docs not get away far from the terminal, but · may strike the sam~ 
many times in succession. The higher the frequency, the less the molecule is able to get 
away, and this the more so, as for a given effect. the potential required is smaller; and a 
frequency is conceivable - perhaps· even obtainable - at which practically the same 
molecules would strike the terminal. Under such conditions the exchange of the molecules 
would be very slow, and the heat produced at, :md very near, the terminal would be 
excessive. But if the frequency would go on increasing constantly, the heat produced 

• would begin to diminish for obvious reasons. In the positive brush of a static machine 
the exchange of the molecules is very rapid, the stream is constantly of one di-rection, 
and there arc fewer collisions; hence the heating effect must be very small. Anything 
that impairs the facility of exchange tends to increase the local heat produced. Thus, if 
a b1.1lb be held over the terminal of the coil so as to enclose the brush, the air contained 
in the bulb is very quickly brought to a high temperatiue. If a glass tube be held over the 
brush so as to allow the draught to carry the brush upwards, scorching hot air escapes at 
the top of the tube. Anything held within the brush is, :of course, rapidly heated, and 
the possibility of using such heating effects for some ·purpose or o ther suggests itself. . . . ; 

When contemplating this singular phenomenon of the hot .. brush, we cannot help 
being convinced that a similar. process must take place . in the ordinary flame, and it 
seems strange that after all these ·centuries past of fam ~liarity \.vith the flame, now, in 
this era of electric lighting and heating, we are finally led to· . .recqgnizc, that since time 
immemorial we have, after all, always had ''electric light and heat" at our d$pos.1l. 
It is also of no lit~le interest to contemplate, that we have a possible way of producing -· 
by other than d1emical means - a veritable flame, which would give light and heat 
without. any material being consumed, without any chemical process taking · place, and 
to accomplish this, we only need to perfect methods of producing enormous frequencies 
and · potentials. l have no doubt that if the potential could be ·made to alternate with 
sufficient rapidity and power, the brush formed at the end of a wire would lose it$ 
electrical ·characteristics and would· become . flame like. · The · flame must. · be ··due to 
electrostatic moleCl,llar• action. ·· ... 

. This phcnom~rion now explllins in a manner which can hardly be doubted the 
frequent accidents ocC\lrting in· storms. It is well known that objects arc often set on fire 
without the lightning striking them. We shall presently sec how this can·:happen. On" 
a nail " in a roof, for instance, or on a projection of any kind, more or less conducting, 
or. ren~e·red ·so~ by dampness, a powerful brush may appear. "If th,e lightning . strlk<'s 

· soin<:Where in the neighborhood the enormous potential may be made tlo alternate' " or 
fluctuate perhaps many million times a second. TI1e air molecules arc violently ·attracted 
and repelled, and by their impact produce such a powerful heating effect that a fire i; 
started. Ia "is conceivable tl)at a ship· at sea may, in ~his manner, catch fire at many 
points · at once. \'V'hcn we cons.ider, that · even with the comparatively low frequencies 
obtained from• a dynamo machine, and with potentials of no more th"an one or two 
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. 
hundred thousand volts, the heating effects arc considerable, we may iougine . how. 
much more powerful they must be with ·frequencies and· potentials many times greater; 
and the above explanation seems, to say the least, very probable: Similar explanations 
may have been suggested, but I am not aware that, up ,to the present, the heating 
effects of a brush produced by a rapidly alternating potenti~l have been experimentally• 
demonstrated, at lca5t riot to such a remarkable degree. · 

By preventing completely the exchange of the air ·moleCules, the local heating 
effect ouy be so exalted as to bring a body to incandescence. Thus, for instance, if 
a soull button, or preferably. a very·thin wire or fil:unent. be epclosed in an unexhausted 
globe an,d connected with the terminal of the coil, it may ' be rendered incandescent-.• 
The phenomenon is ·made much more interesting by the rapid spinning round in a circle 
of the top of the fil:unent, thus presenting the appearance of a luminous funnel, ·Fig. 1~; 
"'hich widens when the potential is increased. When the potential is small the end of 
the filament may perform irregular motions, suddenly changing from one to· the 'Other, 
or it may describe an ellipse; but when the potential is very high it -always spins ·in 
a circle;· and so does generally a thin straight wire attached freely to the terminal of 
the coil. These motions are, of course, due to ·the impact of the molecules, and the 
irregubrity in the distribution of-the potential, owing to the roughness and dissymmetry 

. ... 
Fig. 15 . 
. 

of the wire or filament. With a perfectly synimetrical and p~lished wire such motio!ls 
would probably not occur. That the motion is not likely to be due to ·other causes is 
t\·ident from the fact that it is not of'·'a definite direction, and that in a very highly 
exhausted globe it ceases altogether. The possibility· of bringing a body to 'incandescence 
in an exhausted globe, or even when. not at all enclosed, would seem to afford a possible. 
way of obtaining light effects, which, in perfecting methods of producing rapidly 
~lt~rnating potcntia:ls, might be rendered available for useful purposes. . 

·. In employing a commercial coil, the production of very. powerful brush effects is 
attended with considerable difficulties, for. when th,ese high frequencies ~nd enormous 
potentials arc used, the best insulation is apt to give way. Usually the coil is insulated 
well enough to stand the strain from convolution to convolution, since two double ·.silk 
covered p~raffined wi(es will withsta.nd a pressure of -.several thousand volts; the 
difficulty lies principally in preyenting the breaking through fr9m .the secondary to thr: 
primary, which· is ·gre~tly facilitated· by the streams issuing from the latter. In the C9i.l.
of course,. the strain is greatest from. section to section, but usually in a larger coil there· 
arc .so many sections that the danger of a sudden giving way is. not very great. No 
difficulty will generally be encountered in that direction, and besides, the liability of 
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injurit'lg the coil internally is very mu~h reduced by the fact that the effect most likely 
to be produced is simply a gradual heating, which, when far enough advanced, could 
not fail to be observed. The principal necessity is then to prevent the streams between 
the primary :~nd the tube, not only on account of the heating and possible injury, but 
also bcC:J.use the streams may diminish very considerably the potential difference :~vailablc 
at the terminals. A few· hints as t6 how thinnay be accomplished wilrprobably be found 
useful in most of these experiments with the ordinary induction coil. . 

' 

Fig. 16a. 

One of the ways is to wind a short primary, .·Fig. 16a; so that the difference of 
potential is not at that length great enough to cause the breaking forth of the streams 
through the insulating tube. The length of the primary should be determined by 
experiment. Both the ends of the coil should be brought· out on one end through a plug 
of insulating material fitting in the tube as illustrated. In such a disposition one terminal 
of the secondary is attached to a body, .the surface of which is determined with the 
greatest care so as to produce the greatest rise in the potential. At the other termin:tl 
a powerful brush appears, which may be experimented upon. 

'" · The ·above plan necessitates the employment of a primary of comparatively snull 
size, and it is apr to he~t when powerful effects are desirable for a ·certain length of 
time. ·In such a case it is better to· employ a luger coil, Fig. 16b, and introduce it from 
one side of the tube, until the streams begiri to appear. In this case the ne:ireist termin;tl 
of the secondary may be connected to the primary or to the ground; which iSI practically 
the s:~me thing, 'if the primary is connected directly to the machine. lri -the case of ground 
connections it is well to determine experimentally the frequency whiCh is best suited 
under the conclitions of: the .test. Another way of obvi:~ting the streams, mo,e. or less, 
is to make the pritl):~ry in se~tions and supply .it from separate, well insulated . sources. 

. In many. of these experiments, when powerful effects are wanted for a· short time, 
it is. advantageous to use iron cores with the primaries. In such case .n very large .primarr; 
coil m:ty be wound and pl:tced side by side with the secondary, and, the nenrest, termin:~l 
of tlJC l:ttter being connected to thc·primnry, a Jaminatcd iron core is· introdu~ed through 
the primary into the secondary as far as the streams will permit. Under these conditions 
;tn ~x~essively powerful brush, several ind1es long, which m:ty, be appropriately called 
"St. Elmo's i)ot fire'\ m:ty be caused to appe3r ~t the other terminal of the secondary, 
producing striking effects. It is a most powerful ozonizer, so · powerful indeed, that 
!Jnly a few minptes arc sufficient to fill the .whole room with the smell .of ozone, and 
it undoubtedly possesses the quality of exciting d1cmical affinities: 

For . .the production · of ·ozone, alternating currents of very high frequency arc 
eminently suited, not only on account of the advantages · they offer in the way of 
conversion but "also because of the fact, that · the ozonizing ad ion·. of :1 discharge is 
dependent on the frequency as well as on the potential, this being .!Jndoubtedly confirmed 
by observation. · · 
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In these experiments ·if an iron cote is 'used· it should be carefully watched, as if is 
apt to get excessively hot in an incredibly short time. To give an idea of the rapidity 
of the heating, I will state, that by passing· a powerful current through a coil with many 
tu.rns, the inserting within' the same of a thin iron. wire for no more than one second's 
time is sufficient to heat the wire to something like lOOOC. · 

But this rapid heating need not discourage us in the use of iron cores in connection 
with rapidly alternating currents. I have ,for · a long 'time been convinced that in the 
industri:tl distribution by means of transformers, some such plan.as the following might 
i>c practicable. We may use a comparatively small iron core, subdivided, or perhaps not 
even subdivided. We may surround this core with a considerable thickness of material 
which is fire·proof and conducts the heat poorly, and on top of that we may place the 

Fig. 16b. 

prim:1ry and second:try windings. By using eithc'r higher frequencies or greater 
m.1gnetizing forces, we may by hysteresis·and eddy currents heat the iron core so far as 
to bring it nearly to its ma.'Cirnum permeability, which, as Hopkinson has· shown, m:1y 
be as much as sixteen times greater. than, that at ordinary temper:~tures. If the iron core 
were perfectly enclosed, it would not be .deteriorated by the heat, and,' if the enclosure 
ol fire-proof . material would be sufficiently thick, only a .limited amount of energy 
cwld be radiated .in spite of. the high temperature. Transformers have been constructed 
by me on that plan, but for ·lack of time, no thorough tests have as yet been made. · 

Another way of adapting the iron core to rapid alternations, or, generally speaking, 
reducing the fri~ional losses, is to produce by continuous magnetization a flow of 
something like seven thousand or eight thousand lines per 'square ·centimetre througlj 
the core, and then work with·weak magnetizing forces and preferably high frequencies 
around the 'point of greatest permeability~. A ~igher efficiency of-conversion and greater 
output are obtain:tble in this m1nncr. I have also employed this principle in 'conheetiori 
wl\:h machines in which there is no reversal of polarity.' In thes~ types of m:~chines, as long 
as there are only few pole projectio':ls,, there is no great gain, as the maxima and minif)l:i 
of magnetization aridar from the poi~t of maximum permeability; but when the number 
of the pole projections is 'very great,' the required rate of change may be obt:tined; without 
thi: magnetization v:lry.ing so far as to . depart greatly from the point of m:l)cimum 
permeability, and the gain is considerable. 

The above described arrangements refer only to the usc of commercial coils as 
ordinarily constructed. If it is desired to construct a coil for the express purpose of 
performing with it such experiments as I ~ave described, or, genenilly, rendering· it 
capable of withstanding the grc1test possible difference of potential, then a construction 
:is indic1ted in Fig. 17 will be found of advantage. The coil in this case is formed 'of 
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two independent parts which arc wound oppositely, the connectiorr between both being 
m:.dc ncar the primary. The potential. in the middle being zero, there is .not much 
tendency to jump to the primary and not much insulation is required. In some cases 
the middle point may, however, be. connected to the primary or to the ground. In such 
a coil the places of greatest d ifference of potential arc far apart and the coil is capable 
ot withstanding an enormous strain. The two parts may be movable so as to allow a 
slight adjustment of the cap:1city effect. .. 

As to the manner of insulating the coli, it will be found convenient to proceed 
in the following way: First, the wire should be boiled in paraffine until all the air is 
out; then the coil is wound by running the wire through melted paraffine, merely for 
the purpose of fixing the wire. The coil is then taken off from the spool, immersed 
in a cylindrical vessel filled with pure melted wax and boiled for a long time until the 
bubbles cease to appear. The whole is then left to cool down thoroughly, and then the 
mass is taken out of the vessel and turned· up in a lathe. A coil made in this manner 
and w ith care is capable. of withstanding enormous potential differences. 

It may be found convenient to immerse the coil in paraffine oil or some other 
kind of oil; it is a most effective way of insulating, principally on account of the perfect 
exclusion of air, but it may be found that, aft~r 
all, a vessel filled with oil is not a very convenient 
thing to handle in a laboratory. · 

If an ordinary coil can be dismounted, the 
primary may be taken out of the tube and the 
latter plugged up at one end, filled with oil, and 
the primary reinserted. This affords an excellent 
insulation and prevents the formation of the 
streams. 

Of all the experiments which may be 
performed with rapidly alternating currents the 
most interesting are those which concern the 
production of a practical illuminant. It cannot be 
denied that the present methods, though they Fig. 17. 
were brilliant advances, are very 'wasteful. Some 
better methods must be invented, some more perfect apparatus devised .. Modern research 
has opened new possibilities for the production of an efficient source of light, and the 
:tttention o.f all h:ts been turned in the direction indic:ttcd by able pioneers. Many have 
been carried away by the enthusiasm and passion to d iscover, but in thei r zeal to reach 
results, some have been misled. Starting with the idea of producing clectro-magncl"i~ 
waves, they turned their attention, perhaps, too much to the study of electro-magnetic 
effects, and neglected the study of electrostatic phenomena. Naturally, nearly every 
mvestigator availed himself of an apparatus .similar to that used in earlier experiments. 

13L>t in those forms of apparatus, while the electro-magnetic inductive effects are enormous, 
the electrostatic effects are excessively small. 

In the Hertz experiments, for instance, a high tension induction coil is short 
circuited by an arc, the resistance of which is very snllll, the smaller, the more capacity 
i$ attached to the terminals; and the difference of potential at these is enormousli' 
diminished. On the other hand, when the discharge is not passing between the terminals, 
lh~ static effects may be considerable, but only qualitatively ·so, not quantitatively, since 
their rise and fall is · very sudden, and since their freq·uency is small. In neither case, 
therefore, arc powerful electrostatic effects perceivable. Similar conditions exist when, 
as in some interesting experiments of Dr. Lodge, Leyden jars arc discharged disruptivelv. 
It has been thought - and I believe :tsserted - that in such cases most of the energy 
is radiated into space. In the light of the experiments which I have described above, 

4. Nikoll Ttsb 
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it will now not be thought so. I feel safe in asserting that· in such cases most of. (he 
energy is partly taken up and converted into heat in the arc of the discharge and in 
the conducting and insulating material of the jar, some energy being, of course, given 
off by electrification of the air; but'thc amount of the directly radiated energy is verj 
small. 

\XIhen a high tension induction coil, operated by currents alternating only 20;000 
times a second, has its terminals closed through even a very small jar, practically ·all 
the energy passes through the dielectric of the.jar, which is heated, and the electrostatic 
effects manifest themselves outwardly only to a very weak degree. Now the external 
'circuit of a Leyden jar, that is, the arc and the connections of the coatings, may b:! 
looked upon as a circuit generating alternating currents of excessively high frequency 
and fairly high potential, which is closed through the coatings and the dielectric between 
them, and from the above it is evident that the external electrostatic effects must be 
very small, even if a recoil circuit be used. These conditions make it appear that with 
the apparatus usually at hand, the observation of powerful electrostatic . effects wa.s 
in•possible, and what 'experience has been gained in that direction is only due to the 
great ability of the investigators. 

Dut powerful electrostatic effects are a sine qua 11011. of light production on th:! 
lines indicated by theory. Electro-magnetic effects arc primarily unavail:tblc, for the 
reason that to produce the required effects we would have to pass current impulses 
through a conductor, which, long before the required frequency of the impulses could be 
reached, would cease to transmit them. On the other hand, electro-magnetic waves many 
times longer than those of light, and producible by sud.den discharge of a condenser, 
could not be utilized, it.wo'uld seem, except we avail ourselves of their . effect \lpOn 
conductors as in the present methods, which are wasteful. We could not affect .by means 
of such waves the ~tatic molecular or atomic charges of a: gas, cause them to vibrate and 
to emit light. Long transvcrs.e waves cannot, apparently, produce such effects, since 
excessively small electro-magnetic disturbances may pass readily through miles of air. 
Such dark waves, unless they are of the length of true light waves, cannot, it would 
seem, excite luminous radiation in a Geissler tuf>c, and the luminous effects, which ~re 
producible by induction in a tube devoid of electrodes, I am inclined to. consider as 
being of an electrostatic nature. 

To produce such luminous effects, straight electrostatic thrusts arc required; these, 
whatever be their frequency, may disturb the molecular charges and produce light. Since 
current impulses of the required frequency cannot pass through a conductor. of measurable 
dimensions, we must work with a gas, and then the production of powerful electrostatic 
effects becomes an imper:~tivc necessity. . 

It has occurred to ·me, however, that electrostatic effects are in many ways available 
for the production of light. For instance, we may place a body of some refractory material 
in a closed, and preferably more or Jess exillustcd, globe, connect it to a source of high, 
rapidly alternating potential, causing the molecules of the gas to strike it many times 
a second at enormous speeds, and in this manner, with trillions ·of invisible ·hammers, 
·pound it until it gets incandescent; or we may place a body in a very highly exl1austed 
globe, in a non-striking vacuum, and, by employing very high frequencies and potentials, 
transfer sufficient energy from it to other bodi~ in the vicinity, or in general .to the 
surroundings, to maintain. it at any degree of· incandescence; or we tnay,' by means of 
such rapidly alternating high potentials, disturb the ether carried by the molc.."llles of 
a gas or their static charges, causing them to vibrate and to emit light. 

Dut, electrostatic effects being dependent ,upon the potential and frequency, to 
produce the most powerful action it is desirable to increase both as far as practicable. 
It may be possible to 'obtain quite fair results by keeping either of these factors small, 
provided ·the ·other is sufficiently great; but we arc limited in both directions. My 
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experience demonstrates that we ~a~n~t go . below a certain frequency,_ for, first, ~he 
pc-tentiat· then becomes so great thant tS dangerous; and, secondly,_ the !tght productiOn 
is less efficient. 

· I have found that, by using the ordinary low frequencies, the physiological effect 
of the current required to maintain at a certain degree of brightness a tube four feet 
long, provided at the ends with outside and inside condenser coatings, is so powerful 
that, I think, it might produce serious injury to .those not accuistomed to such shocks; 
whereas, with twenty thousand· alternations per second, 'the tube may · be m:tintained at 
the same degree of brightness without any effect b'eing felt. This is due princip:tlly tl 
the fact tbt a much smaller potentia l is required to produce the same light effect, :tnd 
also to the hi<>her efficiency in the light production. It is evident that the efficiency 
111 such C:tSeS is the gre:ttcr, the higher the frequency, for the quicker the process Of 

Fig. 18. Fig. 19. 

d1arging and discharging the molecules, the less energy will be los~ in the form of dark 
r:tdiation. But, unfortunately, _we cannot go beyond a cert:tin frequency on account of 
the: difficulty of producing and conveying the effects. · 

I have stated above that :t body inclosed in an unexhausted bulb m.1y be intensely 
heated by simply connecting it with a source of rapidly alternating potential. The heating 
in such a case is, in all probability, due mostly to the .bombardment of the molecules 
of the g:tS contained in the bulb. When the bulb is exhausted, the heating of the body 
is much more rapid, and there is no difficulty wh:ttever in bringing a wire or filament 
to any degree of incandescence by simply conneCting it to one terminal of a coil of the 
pwper dimensions. Thus, if the well-known apparatus elf Prof .. Crookes, consisting of 
a bent platinum wire with vanes mounted over it (Fig. 18), be connected to one: terminal 
of the coil - either one or both ends of the platinum wire being connected ·- the 
wire is rendered almost instantly inc:lndescent," and the mica vanes arc rotated as though 
a current from a. battery were used. A thin carbon filament, or, preferably, :t button of 
some refractory· material (Fig. 19), even if it be :t comparatively poor conductor, 
inclosed in an exhausted globe, may be rendered highly incandescent; and in this· manner 
a simple lamp capable of giving any desired candle power is provided: 

The SUCCCSS of Jamps of this kind 'IVOufd depend largely . On the selection of the 
light-giving bodies contained within the bulb. Since, under the conditions described. 
refractory bodies ·- which are· very poor conductors and ·capable of · withstanding for 
a long time excessively high degrees of temperature - may be used, sudl illuminating 
devices may be rendered successful: . · · · · · . . 

It might be thought at first that if the bulb, containing the filament or button of 
refractory material,. be perfectly well exhausted .- .that is, as far is it can be done 'by the · 
use of the best appar3tus - the heating would be much less i'ntcnse, and that it: a perfect 
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vacuum it could not occur at all. This is not confirmed by my experience; quite the 
contrary, the better the vaeuum the more easily the bodies .are brought to incandescence. 
This result is interesting for many reasons. 

At the outset of this work the idea presented itself to me, whether two lxdies of 
retractory material enclosed in a bulb exhausted to such a degree that the discharge of 
a large induction coil, operated in the -usual manner, cannot pass through, could be 
rendered incandescent by mere condenser action. Obviously, to reach this result enormous 
potential differences and very high frequencies are required, as is evident from a simp!<! 
calculation. · · · 

But such a bmp would possess a vast .advantage over an ordinary incandescent 
lamp in regard to efficiency. It is well-known· that the efficiency of a lamp is to some 
extent a function of the degree of incandescence, and that, could we but work a filament 
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Fig. 20. Fig. 21. 

at many times higher degrees of incandescence, the efficiency would be much gre:it.er. 
In an ordinary bmp this is impracticable on account of the destruction of the filament, 
and it has been determined by experience how far it is adyisable to push the incandescenc~.' 
It is impossible to tell how much higher efficiency could be obtained if the filament 
could withstand indefinitely, as the investigation to this end obviously cannot be carried · 
beyond a certain stage; but there are reasons for believing that it would be very considerably 
higher. An improvement might be made in; the ordinary lamp by employing a short and 
thick carbon; but then the leading-in wires would have to be thick, and, besides, there 
ate many other consideration's which render such a modification entirely impracticable. 
But in a lamp as above described, the leading-in wires· may be very small, the incandescent 
refractory material may be in the shape of blocks offering a very small radiating surface, 
so that less energy would be required to keep them at the desired incandescence; and in 
addition to this, the refractory material need not be carbon,. but may be manufactured 
from mixtures of oxides, for instance, with carbon or other material, or may be selected 
from bodies which are practically non-conductors, and capable of withstanding enormous· 
degrees of temperature. . . 

All this would point to the possibility of obtaining a much higher efficiency with 
such a lamp than is .optai!Jable in ordinacy lnmps. In my experience it has been 
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demonstrated that the blocks arc brought to high degrees of inC:lndescencc with much 
lower potentials than those determined by calculation, and the blocks m~y be set at 
greater distances from each other. We may freely assume, and it is probable, that the 
molecubr boml:?ardment is an impo~tant element in the heating, even if the globe be 
exhausted with the utmost care, as I have done; for although the number of the 
molecules is, comparatively speaking, insignificant, yet on account of the mean free 
path being very great, there are fewer collisions, and the molecules may reach much 
higher speeds, so that the heating effect due to this cause may be considerable, as in 
the Croclkes experiments with radiant matter. · 

Dut it is likewise possible that we have to deal here with an increased facility of 
losing the charge in very high vacuum, when the ))otenti:tl is rapidly alternating, in which 
c.1Se most of the heating would be directly due to the surging of the charges in the 
heated bodies. Or else the observed fact may be largely attributable to the effect of the 
points which I have mentioned above, ·in consequence c<f which the blocks or filaments 
contained in the vacuum arc equivalent to condensers of many times greater surface than 
t!lat calculated from their geometrical dimensions. Scientific men still differ in opinion 
as to whether a charge should, or should not, be lost in a perfect vac\Jum, c~ in other 
words, whether ether is, or is not, a conductor. If the former were the case, then a thin . 
filament enclosed in a perfectly exhausted globe, and connected to a source of enormc•.1s, 
steady potential, would be brought to incandescence . 

. Various forms of lamps on the above described 
principle, with the refractory bodies in the. form of 
filaments, fig. 20, or blocks, fig. 21, have been 
constructed and operated by me, and investigations 
are being carried on in this line. TI1ere is no difficulty 
in reaching such high degrees of incandescence that 
ordinary carbon is to all appearance melted and 
volatilized. If the vacuum could be made absolutely 
perfect, such a lamp, although inoperative with 
apparatus ordinarily used, would, if operated with 
currents of the required character, afford an illuminant 
which would never be destroyed, and which would 
be far more efficient than an ordinary incandescent 
Jarnp. This perfection C:ln, of course, never be re~ched, 
~nd a very slow destructioo and gr~dual diminution 
in size always occurs, as in inC:lndescent filaments; 
but there is no ·possibility of a sudden· and premature 
disabling which occurs in the latter by the breaking 
of the filament, especially when the incandescent 
bodies arc in the shape of blocks. 

\ 

\'<lith these rapidly altemating potenti~ls there Fis. 22. 
is, however, no necessity of enclosing two blocks in 
a globe, but a single block, as in Fig. 19, or filament, fig. 22, may be .used. The 
p(.tential in this case must of course be higher, but is e:1sily obtainable, and besides 
it is not necessarily dangerous. 

The facility with which the button or filament in such a lamp is brought tc 
incandescence, other things being equal, depends on the size of the globe. If a perfect 
vacuum could be obtained, the size of the globe would not be of importance, for then 
the heating would be wholly due to the surging of the. charges, and all the energy would 
be given off to the surroundings by radiation. Dut this C:ln never occur in practice. 
There is always some gas left in the globe, and although the exhaustion may be C:lrried 
to the highest degree, still the sp~cc inside of the bulb must be considered as conducting 
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when such high potentials lre used, and I assume that, in estimating the energy that 
may be given off from the filament to the surroundings, we may consider the inside 
surface of the bulb as one coating of a condenser, the air and other objects surrounding 
the bulb forming the other coating. When the alternations are very low there is no 
doubt that a considerable portion of the energy is given off by the electrification of the 
surrounding air. . . . 

In order to study this subject better, I carried on some experiments with excessively 
high potentials and low frequencies. I then observed that when the hand is approached to 
th-:: bulb, - the filament being connected with one terminal of the coil, - a powerful 
vibration is felt, being due to the attraction and repulsion of the molecules of the air 

--- ------ ---
' 

· Fig. 23. Fig. 24. 

which are electrified by induction through the glass. In some clses when the action 
is very intense I have been able to hear a sound,. whid1 must be due to the same cause. 

\'V'hen the alternations are low, one is apt to get an excessively power[ ul shock from 
tl,c bulb. In general, when one attaches bulbs or objects of some size to the. termimls 
of th~ coil, one should look out for the rise of potential, for it may happen that. by 
merely connecting a bulb. or, plate to the· terminal, ~e potential may rise to many times 
its original val_u·e. When lamps are attached to the terminals, as _illustrated· in Fig. 2~, 
then the capa~•ty od the _b~lbs should_ be such as to give the maximum rjse of potential 
under the ·ex1stmg cond•t•ons: In th1s mlnner one may obtain the required ·potential 
with fewer turns of wire. . . . . . 

TI1e life of such bmps a:s described above depends, of course, largely on the degree 
of exhaustion, but to some extent also on the shape of the block of refractory material. 
Theoretically it would seem that a small sphere_ of carbon enclosed in a sphere of glass 
would no<t-suffer deterioration from molecular bombardment, for, -the matter in the g lobe 
being radiant, the molecules would move in straight lines, and would seldom strike the. 
sphere obliquely. An interesting thought in connection with such a lamp is, that in it 
"electricity" and electrical en·crgy apparently must .move in the same lines_. 

The usc of alternating currents of very high frequency makes it possible to transfer, 
by electrostatic or electromagnetic induction through the glass of a lamp, sufficient 
energy to keep a filament at incandescence and so do away with the leading-in wires. 
Such lamps have been proposed, but for want of proper apparatus they have not been 
successfully operated. Many forms of bmps on this principle with continuous and brdken 
fiiaments have been constructed by me and experimented upon. When using a -secondary 
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enclosed within the lamp, a condenser is advantageously combined with the sccond~ry. 
'X'hcn the transference is effected by electrostatic induction, the potentials used are, of 
course, very high with frequcnc!eSi obtail)able from a nuchine. For instance, with a 
c:Jndenser surface of forty square centimetres, which is not impracticably large, and with 
glass of good quality 1 rrun. thick, using . currents . alternating twenty thousand times 

c. second, the potential required is approximately 9,000 volts. This may seem large, but 
since each lamp may · be included in the secondary of a transformer of very small 
dimensions, it would not be inconvenient, and, · moreover, it would not produce fatal 
injury. The transfonners would all be preferably in series. The regulation would offer 
no difficulties, as witli currents of such frequencies it is very easy to maintain a ronstant 
current. 

In the accc;>mpanying engravings some of the types of lamps of this kind arc shown. 
Fig. 24 is such a jamp with a broken filament, and Figs. 25a·and 25b one with a single 
outside and inside coat ing and a ~inglc filament. I have also. made lamps with two 
outside and inside coatings and a continuous loop connecting the latter. Such lamps 
have been operated by me with current impulses of the enormous frequencies obtainable 
by the disruptive disch:ugc of cC'ndensers. 

The dismptivc disd1arge of a ·condenser is especially suited for operating such 
lamps - with no outward electrical connections - by means of electromagnetic 
induction, the electromagnetic inductive effects being excessively high; and I have been 
able to produce the" desired ineandescence with only a few short turns of WlCe. 
Incandescence may also be produced in this manner in a simple dosed filament. 

t! .. 
.. ..... 

fig. 253. Fig. 25b. 

Leaving now out of consideration the practicability of such !:unps, I would only 
say that they possess a beautiful and desirable feature, namely, that they can be rendered, 
at will, more or less brilliant simply by altering the relative position of the ol.ltside 
and inside condenser coatings, or inducing· and induced circuits. 

When a lamp is lighted by connecting it to one terminal only of the sonrcc, this 
may be facilitated by providing the . globe with an outside condenser coating, which 
serves at the same time as a reflector, and connecting this to an insulated body of some 
size. lamps of this kind .are illustrated in Fig. 26 and Fig. 27. Fig. 28 shows the plan 
of connection. The brilliancy of the lamp rriay, in this case, be regulated. within wide 
limits by varying the size of the insulated metal plate to which the coating is connected. 
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It is likewise practicable to light with one leading. wire lamps such as illustrated in 
Fig. 20 and Fig. 21, by connecting one terminal of the lamp to one terminal of the 
source, and the other to an insulated body of the required size. In all cases the insulated 
body serves to give off the energy into the surrounding space, and is equivalent to a 
rerum wire. Obviously, in the two last-named cases, instead of connecting the wires tl.l 
an insulated body, connections may be made to the ground. 

The experiments )vhich will pro~e most suggestive and of most interest to the 
investigator are probably those performed with exhausted tubes. As might be anticipated, 
a source of such rapidly alternating potentials is capable of exciting the tubes at a 
considerable distance, and the light effects produced arc remarkable . 

• 
Fis. 26. Fis. 21. 

During my investigations in this line I endeavored to excite tubes, devoid of any 
electrodes, by electromagnetic induction, making the tube the secondary of the induction 
device, and passing through the primary the discharges of a Leyden jar. Titese tubes were 
m~de of many shapes, and I was able to obtain luminous effects. which .I then thought 
w<:re due wholly to electromagnetic induction. But on carefully investigating the 
phenomena I found that the effects produced were more of ·an electrostatic nature. It 
may be attributed to this circumstance that this mode of exciting tubes is very wasteful, 
namely, the primary circuit being dosed, the potential, and consequently the electrostatic 
inductive effect, is much diminished. 

\X'hcn an induction coil, operated as above described, is used, there is no doubt that 
the htbes arc excited by electrostatic indu.ction, and that electromagnetic induction hl~ 
little, if anything, to do with the·phcnomena. 

This is evident from many experiments. For instance, if a tube be taken in one 
hand, the observer being near the coil, it is brilliantly lighted and remains so no matter 
in what position it is held relatively to the observer's body. \X'erc the actio11 
electromagnetic, the tube could not be lighted when the observer's body is interposed 
between it and -the coil, or at least its luminosity should be considerably diminished. 
When the tube is held .exactly over the centre of the coil - the latter being wound 
in sections and the primary placed symmetrically to the secondary - it may rem~in 
completely dark, whereas it is rendered intensely luminous by moving it slightly to the 
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right or left from the centre of the coil. It docs not light because in the middle both 
h.•lves of the coil neutralize each other, and the electric potential is zero. If the action 
were electromagnetic, the tube should light best in the plane through the centre of the 
coil, since the electromagnetic effect there should be a maximwn. \"V'hen an arc is 
etablished between the terminals, the tubes and lamps in the vicinity of the coil go out, 
but light up again when the arc is broken, on account of the rise of potential. Yet 
the electromagnetic effect should be practically the same in both cases. 

By placing a tube at some distance from \he coil, and nearer to one terminal -
preferably at a point on the axis of the coil - one may light it by touching the remote 
tcnninal with an insulated body of some size or with the hand, thereby raising the 
potential at that terminal nearer to the tube. If the tube is shifted nearer to the coil so 
that it is Fighted by the action of the nearer terminal, it may be made to go out by 
holding, on an insulated ·support, the end· of a wire connected to the remote termin::ll, 
in the vicinity of the nearer terminal, by this means counteracting the ·action of the latte• 
upon the tube. These effects arc evidently electrostatic. Likewise, when a tube is placed 
at a considerable distance from the coil, the observer may, standing upon an insulated 
support between coil and tube, light the latter by approaching the hand to it; or he may 
even render it. luminous by simply stepping between it and the coil. This would be 
Impossible with electro-magnetic induction, for the body of the observer would act as 
a screen. 

\"V'hen the coil is energized by excessively weak currents, the experimenter m~y. 
by touching one terminal of the coil with the tube, extinguish the latter, and may again 
light it b)' bringing it out of contact with the terminal and allowing a small arc to form. 
This is clearly due to the respective lowering and r:tising of the potential at that terminal. 
In the above experiment, when the tube is lighted through a small arc, it m:ty go out 
when the arc is broken, because the electrostatic inductive effect alone is too weak, 
though the potential m:ty be much higher; but.when the arc is established, the electrifica
tion of the end of the htbc is much greater, .and it consequently lights . 
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If a tube is lighted by holding it ncar to the coil, .md in the hand whid1 is remot('. 
by grasping the tube anywhere with the other hand, the part between the hands is 
rendered dark, and the singular effect of wiping out the light of the tube may he 
produced by passing the hand quickly along the tube and at the same time withdrawing 
it gently from the coil, judging properly the distance sc th:tt the tube remains dark 
:tfterwards. · 

If the primary coil is placed sidewise, as in Fig. 16b for instance, and an exhausted 
tube be introduced from the other side in the hollow space, the tube is lighted most 
intensely because of the incre:tsed condenser ai:tion, and in this position the striae are 
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n1ust sharply defined. In all these experiments described, and in m~ny others, the action 
is dearly electrostatic. 
. The effects of screening also 'indicate the electrostatic nature of the' phenomena arid 
show something of the nature of ·electrification ·through the air. ·ror instance, if a tube 
is placed in the •direction ot the 'axis of the coil, and an insulated metal plate be 
interposed, the tube w.ill generally increase ·in 'brilliancy, or if it be too far frori1 the 
coil to light, it may even be rendered luminouS by interposing an insulated metal plate. 
The inagr.itude of the effects depends to som~ extent on the size of ·the plate. But 
if the metal plate be connected by a wire to the ground, its ·interp<>sition will always 
make. the tube go out ·even if .·it be 'very near tne coil. In generil, 'the. interposition ot ~ 
body betWeen the coil and tube, increases or diminishes the brilliancy of the ttiJ:>e, or 
its facility to light up, according to whether it increases or diminishes the electrification. 
When experimenting with an insubted plate, the plate should not be ·taken too large, 
else it will generally produce :i weakening effect by reason of its great facility for 
giving off energy to the surroundings. · 
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Fig. 29. 

If a tube be ·lighted at some distance from 
the coil, and a plate of hard rubber or other 
insulating substance be interposed, the ~ube may 
be made to go out. The interposition o( the 
dielectric in this case only slightly increases the 
inductive effect, b)lt diminishes consideraoly the 
electrificatio~ through the air. .. . . . 

In :ill cas'es, then, when we excite lumi.nosity 
in exhausted ·tubes by means of such a coil, the 
effect is due to the rapidly alternating 
electrostatic potential; and, furthermore, it must 
be attributed to the harmonic alternation 
produced directly by the machine, and not to 
any superimposed vibration which might be 
thought to exist. Such superimposed vibrations 
are impossible when we work with an nlternate 
Clli:rent machine. If a spring be gradually 
tightened and released, it does not perform 
independent vibrations; for this a sudden release 
is necessary. So with the alternate currents from 
a dynamo mad1ine;· the medium is harmoniqtlly 
strained and released, this giving rise to only 
one kind of waves; a sudden contact or break, 
or a sudden giving way of the dielectric, as in 
the disruptive discharge of a Leyden jar, are 
essential for the producti.on of superimposed 
waves. 

In all the last described experiments, tubes 
devoid of any electrodes may be .used; and. there 
is no diffiClllty in . producing by their ~cans 
sufficient light to read by. The light effect is, 

however, considerably increased by ·the usc of phosphorescent bodies such as· . .yttria~ 
umnium glass, etc. A difficulty will be found when the phosphorescent material-is. u~C'.l; 
for with these powerful effects, it is carried gradually away, and it is preferable to us~ 
material in the form of a solid. 

Instead of depending on induction at a distance to light the tube, the same may 
be provided . with an external - and, if desired, · also with .an · internal·- condenser 
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coating, and it may then be suspended ahywhere in the 'room fi:om a conductor connected 
to one terminal of the coil, and in this manner a soft illumination may be provided. 

The idea! way,of lighting a hall or room would, however, be to .produce such '.\ 
condition in it that an . illuminating device coul~ ~e moved and put anywhere, and 
that it is lighted, no matter where it is put and without being electrically connected to 
anything. I have been able to produce sud1 a condition by 'creating in· the room a 
p'>w~rful, rapidly alternating electrostatic field. r:or this purpose I 'suspend a sheet of 
metal a distance· from the ceiling on._insulating cords ~nd connect it to one terminal of 
the induction coil, .the other terminal being preferably eonne<;tcd .to the ground. Or 
else I suspend two sheets as illustrated in Fig. 29, each sheet being connected with on~ 
of the terminals of the coil, and their size being care(ully determined. An exhausted tube 
may the.n be carried in th~ hand any,vhere between the sheets or placed anywhere, even 
a certain distance beyond . them; it remains always luminous. . . · · . 

In such an electrostatic field .interesting phenomena may be observed, especially if 
the . alternations arc kept low and the potentials excessively .high. In addition to the 
luminous phenomena mentioned, qne may observe tbat any in~ulated conductor gives 
;parks when the hand or another object i's approad1ed to it, and t(:le sparks may often 
be powerful. \Xfhcn a large cconducting object is fastened on an insulating support, and 
the hand approached to it, a vibration, due to the rythmical motion of the air molecules 
is felt, and luminous streams may be perceived when the hand is held near a pointed 
projection. Wl)en a telephone receiver is made to touch with one or both of its terminals 
au insulated conductor of some size, the telephone emits ·a loud 'sound; it also emits a 
sotJnd when a length of wire is attached to orie or both terminals, and with very powerful 
fields a sound may be perceived even' without any wire. 

How far this principle is capable of practical application, the future will tell. It 
might be thought that electrostatic effects arc unsuited for. such action at a distance. 
El~ctromagnetic inductive effects, "if available for the production of light, might be 
thought better suited. It is true the electrostatic effects diminish nearly with the cube 
of the distance from the coil, whereas the electromagnetic inductive effects diminish 
simply with the distance. 13ut when we establish an electrostatic ffcld of force, the 

. condition is very different, for then, instead of the differential effect of both the 
terminals, we get their conjoi'nt effect. 13esides, I would call ·attention to the effect 
that in an alternating electrostatic field, a conductor, such as an exhausted tube, for 
instance, tends to take up most of the energy, whereas in an electromagnetic alternating 
fi~ld the conductor tends to take up the least energy, the waves being reflected with 
but. little Joss. This is one reason why it is diffiqllt to excite an exhausted tl!be, at a 
distance, by electromagnetic induction .. I have wound coils of very large diameter and 
of many turns of wire, and connected a Geissler tube to the ends of the coil with the 
object of exciting the tube at a distance; but even with the powerful inductive effects 
producible by Leyden jar discharges, the tube could not be excited unless at a very small 
d istance, although some judgment was used as to the dimensions of the coil. I h:we also 
found that even the most powerful Leyden jar discharges are capable of exciting only 
feeble luminous effects in a closed exhausted tube, and even these effects upon thorough 
examination I have been forced to consider of an electrostatic nature. 

How then can we hope to produce the required effects at a distance by means of 
electromagnetic action, when even in the closest proximity to the source of distmbance, 
under the most advantageous conditions, we ·can excite but faint luminosity? It is true 
that when acting at a distance we have the resonance to help us out. We can connect an 
exhausted tube, or whatever the illuminating device m'ay be, . with an insulated system 
of the proper capacity, and so it ·may be possible to increase the effect qualitativcl)', 
and only qualitatively, for we would ~ot'get more energy through the device. So we m:iy, 
by ·resonance effect, obtain ' the required electromotive force. in an exhausted tube, and 
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excite faint luminous effects, but we cannot get enough energy to render the light 
practically available, and a simple calculation, based on experimental results, shows that 
even if all the energy which tl tube would receive at a certain distance from the source 
shc.uld be wholly converted into light, it would hardly satisfy the practical requirements. 
Hence the necessity of directing, by means of a conducting circuit, the energy to the place 
of transformation. But in so doing we cannot very sensibly depart from present methods, 
:md all we could do would be to improve the apparatus. 

From these considerations it would seem that if this ideal way of lighting is to 
rendered practicable It will be only by the usc of electrostatic effects. In such a case the 
most powerful electrostatic inductive effects are needed; the apparatus employed must. 
t:1ereforc, be capable of producing high cl.ectrostatic potentials changing in value with 
extreme rapidity. High frequencies arc especially wanted, for practical considerations 
mnke it desirable to keep down the potential. Dy the employment of machines, or, 
generally speaking, of any mechanical apparatus, but low 'frequencies can be reached; 
recourse must, therefore, be had to some other means. TI1e discharge of a 
condenser affords us a means of obtaining frequencies by far higher than arc obtainable 
mechanically, and I have accordingly employed condensers in the experiments to . the 
:>.b<YIC end. 
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Fig. 30. 

\'V'hcn the terminals of a high tension induction coi l, Fig. 30, are corinectcd to a 
Leyden jar, and the latter is discharging disruptively into a circuit, we may look upon the 
:uc playing between the knobs as being a source of alternating, or generally speaking, 
undulating currents, and then we have to deal with the familiar system of a generator 
oi such currents, a circuit connected to it, and a condenser bridging the circuit. The 
condenser in such case is a veritable transformer, and since the frequency is excessive, 
almost any ratio in the strength of the currents in both the branches may be obtained. 
Ir. reality the analogy is not quite 'complete, for in the disruptive discharge we have most 
gcneral.Jy a fundamental instantaneous variation of comparatively low frequency, and n 
superimposed harmonic vibration, and the laws governing the flow of cuccent.s arc not 
tht: same foe both. 

In converting in this manner, the ratio of conversion should not be too great, for 
the loss in the arc between the knobs increases with the square of the cuccent, and if the 
jar be discharged through very thick and short conductors, with tl1e view of obtaining 
a very rapid oscillation, a very considerable portion of the energy ·stored is lost. On the 
other hand, too small ratios arc not practicable for many obviou.s reasons. 

As the converted cuccents flow in a practically closed circuit, the electrostatic effects 
are necessarily small, and I therefore convect them into curc~nts or effects of the required 
character. I have effected such conversions in s~veral ways. The preferred plan of 
connections is illustrated in Fig. 31. TI1e manner of operating renders it easy to obtain by 
means of a small and inexpensive apparatus enormous differences of potential which have 
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been usually obtained by means of large and expensive coils. For this it is only necessary 
to take an ordinary small coil, adjust to it a condenser and discharging circuit, forming 
the primary of an .auxiliary small coil, and convert upward. As the inductive effect of the 
primary currents is excessively great, the second coil need have comparatively but very 
few turns. 13y properly adjus ting the clements, remarkable results may be secured. 

In endeavoring to obtain the required electrostatic effects in this manner, I .have, 
as might be expected, encountered many difficulties which I have been gradually 
overcoming, but I am not as yet prepared to dwell upon my experiences in this direction. 

I believe that the disruptive discharge of a condenser will play an important part in 
the future, for it offers· vast possibilities, not only in the way of producing light in a more 
efficient manner and in the line indicated by theory, but also in many other respects. 

For years the efforts of inventors have been directed towards obtaining ·electrical 
er.ergy from heat by means of the thermopile. It might seem invidious to remark that 
but few know what is the real trouble with the thermopile. It is not the inefficiency or 
small output - though these arc great drawbacks - but the fact that the thcnnopilc 
hr.s its phylloxera, that is, that by constant use it is deteriorated, which has thus far 
prevented its introduction on an industrial scale. Now that all modern research seems 
to point with certainty to the use of electricity of excessively high tension, the question 
mnst present itself to many whether it is not possible to obtain in a practicable mannr~ 
this form of energy from heat. \'(fe have been used to look upon an electrostatic machine 
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as a plaything, and somehow we coupk with it the idea of the inefficient and impractiCII. 
13ut now we must think differently, for now we know that everywhere. we have to dcal 
with the same forces, and that it is a mere question of inventing proper methods or 
apparatus for rendering them available. 

In the present systems of electrical distribution, the employment of the iron ·with its 
wonderful magnetic properties allows us to reduce considerably the size of the apparatus; 
but, in spite of this, it is still very cumbersome. The more we progress in the study of 
electric and magnetic phenomena, the more we become convinced that the present methods 
will be short-lived. For the production· of light, at least, such heavy machinery would seem 
to be unnecessary. The energy required is very small, and if light can be obtained :IS 

efficiently as, theoretically, it appears possible, the apparatus need have but a very small 
output. There being a strong probability that the illuminating methods of the future 
will involve the usc of very high potentials, it seems very desirable to perfect a contrivance 
capable of converting the energy of heat into energy of the requisite form. Nothing to 
speak of has been done towards this end, for the thought that electricity of some 50,000 
or 100,000 volts pressure or more, even if obtained, would be unavailab:e for practic~l 
purposes, has deterred inventors from working in this direction. 

Ir. Fig. 30 a plan of connections is shown for converting currents of high, into 
currents of low, tension by means of the disruptive discharge of a condenser. This plan 



L-46 

has been used by me frequently for ope.rating a few incandescent lamps required in the 
laboratory. Some difficulties have been encountered in the arc of tlie discharge which 
I have been able to overcome to a great extent; besides this, and the adjustment 
necessary for· the proper wo-rking, no other difficulties hive been met with, and· it was 
e~y to operate ordinary lamps, and even motors, in this manner. The line being connected 
to the ground, all the wires could be handled with perfect impunity, no matter how 
h1gh 'the potential at the terminals of the condenser. In these exp.eriments a high tension 
induction coil, operated from a battery or. from an alternate current machine, was 
employed to charge the condense{; but the induction coil might be replaced by an 
apparatus of a 'different kind, capable of giving electricity of such high tension. In this 
manner, direct or al ternating currerits may, be converted, and in both cases the current· 
impulses may be of any desired frequency. When the currents charging t~e condenser 
ar~ of the same direction, and it is desired that the. converted curren.ts shotild also .be of 
one direction, the resistance of the discharging circuit should, of course, be so chosen 
that there arc no oscillations. 

In ~perating devices on ·the above plan · I have observed curious phe~omena of 
impedmce which are of interest. For instance if a thick copper bar be bent, as indicated 
in Fig. 32,- and shunted by ordinary incandescent lamps, then, by passing the discharge 
between the knobs, the lamps may be brought to incandcso:;nce although they arc short· 
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circuited. Whecr a large induction coil is employed it is 
easy · to obtain nodes on the bar, which are rendered 
evident by the different degree of brilliancy of the 
lan1p~. as shown roughly in Fig. 32. The nodes are 
never clearly. defined, but they are simply maxima and 
111inima of potentials along the bar. This is probably 
due to the irregularity of the arc between the knobs. 
~n general when the above-described plan of conversion 
from high to low tension is used, the behavior of the 
disruptive disd1arge may be closely studied. The nodes 
may also b~ investigated by means. of an ordinary 
Cardew voltmeter which should be well insulated. 
Geissler tubes may also be lighted across the points of 
the bent bar; in this case, of course, it is better to 
employ smaller C!ipacities. I have fourrd it practicabl~ · 
to light up in _this manner alarrip, and .even a Geissler 
tube, shunted by a ·short; heavy block ·of metal, and 
this result seems at"first ve'ry curious. In fact, the thicker 
t!le copper barin Fig. 32, ~he better it is for the success 
of ~he experiments, !IS they .appear !JlOre striking. When 
lamps with Jong slender filam~nts are· used it will bt; 
often . noted that the filaments arc from tim'e to time 
violently vibro;.ted,' the yibratiol,l . being . smallest at .th~ 
nodal points. This vibrati~n seems to be ·due to an 
electrostatic action between the filament ·and ·the gl:iss · 

Fig. 32" • of.the b\llb. · · · · · · 

. In some of the .above· ·experi~ents it is , preferab.le to use special lamp~ .h~~ing 
a. straight filament as shown in Fig. 33. When s.uch a lamp is used a still more curious 
phenomenon than those described may be observed. The lamp may be placed acros~ 
the copper .bar and lighted, and by using somewhat larger capacities, or, in other ~ords, 
smaller frequcncie~ or smaller impulsive. impedances, the filament may be brc\1ght to 
any desired degree of incandescence. But .when the impedance is increased, ;a. point is 
reached when comparatively little current passes through the carbon, and most of it 
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·through the rarefied· gas; or ·perhaps it may be more correct to· state that the cmrcnt 
divides nearly· evenly through both, in spite of the enormous difference in .the resistance, 
and this would be true unless the gas and the filament behave differently. It is then 
noted that the whole bulb is brilliantly illuminated, and the ends of the leading-in wires 
become incandescent and often throw off sparks in consequence of the violent 
bombardment, but the carbon filament 
remains dark. This is illustrated in fig. 33. 
Instead of .the filament a single wire 
extending th rough the whole bulb may be 
used, and in this case the phenomenon 
would seem to be still more interesting. 

from the above experiment it will be 
· evident, that when ordinary lamps are 

operated by the coiwerted currents, those 
should be preferably taken in which the 
platinum wires . a;e fa.r apart, and the fre
quencies used should not be too great, else 
the disch~rge will occur at the ends of the 
filament or in the base of the lamp between 
the leading-in wires, nnd the lamp might 
then be damaged. 

fig. 33. 

In presenting to you these results of my inv~stigation on the subject under 
consideration, I h:tvc paid only a passing notice to facts upon which I could haye dwelt 
at length, and among many observations I have selected only those which I thought most 
likely to interest you. TI1e field is wide and completely U!lexplore.d, and at every step 
a new truth is gleaned, a novel fact observed . 

. How far the results here borne out are capable of practical applications will be 
dc:cided in the future. As regards the production of light, some results already .reached 
arc encouraging and make me confident in asserting that the practical solution of the 
.problem lies in the direction I have endeavored to indicate. Still, whatever may be the 
immediate outco.rne of these experiments I am hopeful that they will o~ly prove a step 
ir. further developments towards the ideal and final perfection. TI1e possibilities which 
are opened by modern research are so vast that even the most reserved must feel sanguin~ 
of the future. Eminent scientists consider the problem of utilizing one kind of radiatiqn 
without the others a · rational one. In an apparatus designed for the production of light 
by conversion from any form of energy into that of light, such a result can never be 

_reached, fo r no matter what the process 9.f producing the required ·vibrations, be it 
electrical, chemical or any other, it will not be possible to obtain the higher light 
vibrations without going through the lower heat vibrations. It is the problem of 

.imparting to a body a certain velocity -ivithout passing through :~II lower velocities. I3ut 
thc:rc is :1 possibility of obtaining energy not only in the form of light, but motive power, 
and energy of any other form, in some more direct way from the medium. The time 
will be when this will be accomplished, and t11e time has come when one may utter 
such words before an enlightened audience without being considered a visionary. \'(fc 
arc whirling through endless space with an inconceivable speed, all around us everything 
is spinning, everything is moving, everywhere is energy. There mtiSI be some way of 
availing ourselv~s of this energy more directly. 111cn, with the light obtained from the 
medium, with the power derived from it, with every form of energy obtained without 
effort, from the store forever inexhaustible, humanity '\\'ill advance with giant strides. 
TI1e mere contemplatiO'n of these 1mgnificent possibilities expands our rnin·ds, strengthens 
our hopes and fills our hearts with supreme delight. 
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EXPERIMENTS WITH ALTERNATE CURRENTS OF HIGH 
POTENTIAL AND HIGH FREQUENCY• 

I cannot find words to express how deeply I. feel the honor 'of addressing some 
of the foremost thinkers of the present time, and so many able scientific. men, engineers 
and electricians, of the country greatest in scientific :~chievements. :. · · 

The results which I have the honor to prese11t before such a gathering I cannot 
call my own. There are among you not a few who can lay better claim than myself on 
any feature of m~rit which this work may contain. I . need not mention many names 
which are world·l.:nown - names of those among you who are recognized as .the leaders 
in this enchanting science; but one, at least, I must mention - a name which could not 
be omitted in a demonstration of this kind. It is a n~me associated with the most 
beautiful invention. ever m:~de: it is Crookes! 

\'V'hen I was :~t college, a good· time ago, I read, in a translation (for then I was 
not familiar with you magnificent ·language), the description of his experiments on 
radiant matter. I read it only once in my life - that time - yet every detail about that 
ch3rming w01rk I can remember this day. Few are the books, let me say, which can 
make such an impression upon the mind of a student. · 

But if, on the present· occasion, I mention this name as one of many your institution 
can boast of, it is because I have more than one reason to do so. F01r what I have to 
tell you and to show you this evening concerns, in a large .measure, that same vague 
world which Professor Crookes has so ably explored; and, more thari this, when I trace 
back the mental process which led me to these advances - which even by myself cannot 
be considered trifling, since they are,so appreciated by you - I believe that their re:~l 
origin, that which started me to work in this direction, and brought me to them, after 
'* tong period of constant thought, was that fascinating little book which I read many 
y~rs ago. 

And now that I have made a feeble effort to express my homage and acknowledge 
my indebtedness to him and others among you, I will make a second effort, which 
I hope you will not find so feeble as the first, to entertain you. 

Give me leave to introduce the subject in a few words. 
• 

A short time ago I had the honor to bring before our American Institute of 
Electrical Engineers some results then arrived at by me in a novcl line of work. I need 
not assure you that the many evidences which I have received .that English scientific 
men .and engineers were interested in this work have been for me a great reward and 
encouragement. I will not dwell upon the experiments already described, except with 
the view of completing, or more clearly expressing, some ideas advanced by me before, 
a•~d also with the view of rendering .the study here presented self-contained, and my 
remarks on the subject of this evening's lecture consistent. 

* Lecture delivered before the I.E.E., London, February, 1892. 
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This investigation, then, it goes without saying, deals with alternating currents, 
and, to be more precise, with alternating currents of high potential and high frequency. 
Just in how mud1 a very high frequency is essential for the production of the results 
presented is a question whidl, even with my present experience, w~ld embarrass me to 
answer. Some of the experiments may be performed with low frequencies; but very 
high frequencies are desirable, not only on account of the many effects secured by their 
use, but also as a convenient means of obtaining, in the induction apparatus employed, 
the high potentials, whidl in their turn are necessary to the demonstration of most of 
the experiments here contemplated. 

Of the various brandles of electrical investigation, perhaps the most interesting 
and immediately the most promising is that dealing with alternating currents. The 
progress in this brandl of applied science has been so great in recent years that it justifies 
the most sanguine hopes. Hardly have we become familiar with one fact, when novel 
experiences arc met with and new avenues of research arc opened. Even at this hour 
possibilities not dreamed of before are, by the use of these currents, partly realized. As 
tn nature all is ebb and tide, all is wave motion, so it seems that in all branches of 
industry alternating currents - electric wave motion - will have the sway. 

One reason, perhaps, why this branch of science is being so rapidly developed is 
to be found in the interest which is attached to its experimental study. We wind a simple 
ring of iron with coils; we establish the connections to the generator, and with wonder 
and delight we note the effects of strange forces which we bring into play, which allow 
us to transform, to transmit and direct energy at will. We arrange the circuits properly, 
and we .see the mass of iron and wires behave as tho.ugh it were endowed with life, 
spinning a heavy arnuture, through invisible connections, with great speed and power
with the energy possibly conveyed from a great distance. \Y/e observe how the energy 
of an alternating current traversing the wire manifests itself - not so much in the 
wire as in the surrounding space - in the most surprising manner, taking the forms 
of heat, light, mechanical energy, and, most surpr:ising of all, even chemical affinity. 
All these observations fascinate us, and fill us with an intense desire to know more 
about the nature of these phenomena. Each day we ga to our ·work in the hope ot 
dt~covering, - in the hope that some one, on matter who, may find a solution of one 
of the pending great problems, - and each succeeding day we return to our task with 
renewed ardor; and even if we are unsuccessful, our work has not been in vain, for in 
these strivings, in these efforts, we have found hours of untold pleasure, and we have 
directed our energies to the benefit of mankind. 

\Y/e may take -at random, if you choose - any of the. many ·experiments which 
may be performed with alternating currents; a few of which only, and by no means 
the mast striking, form the subject of this evening's demonstration; they are all equally 
interesting, equally inciting to thought. 

Here is a simple glass tube from whid1 the air has been partially exhausted. I take 
hold of it; I bring my body in contact with a wire conveying alternating currents of high 
potential, and the 'tube in my hand is brilliantly lighted. In whatever position I may 
put it, wherever I may move it in space, as far as I can reach, its soft, ;pleasing light 
persists with undiminished brightness. . 

Here is an exhausted bulb suspended from a single wire. Standing on an insulated 
support, I grasp it, and a platinum button mounted in it is brought to vivid incandescence. 

Here, attached to a leading wire, is another bulb, which, as I touch its metallic 
socket, is filled with magnificent colors of phosphorescent light. 

Here still another, which by my fingers' touch casts a shadow - the Crookes 
shadow, of the stem inside of it. 

), Nikoh. Ttsi:L 
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. 
Here, again, insulated as I stand on this platform, I bring my body in contact 

with one of the terminals of the secondary of this induction coil - with the end of 3 

wire many miles long - and you see streams of light break forth from its distant end, 
which is set in violent vibration. 

Here, once more, I attach these two plates of wire gauze to the terminals of the 
coil, I set them 3 distance apart, and I set the coil to work. You may see a small sparl' 
pass between the plates. I insert a thick plate of one of the best dielectrics between 
them, and instead of rendering altogether impossible, as we are used to expect, I ttid 
the passage of the discharge, whid1, as I insert the plate, merely dunges in appear:1ncc 
:1nc! assumes the form of luminous streams. . . 

Is there, I ask, can there be, a more interesting study than that of alternating 
cu;rents? 

ln all these investigations, in all these experiments, whis;h are so very, very 
interesting, for many yeaJ;S past - ever since·the greatest experimenter who lectured in 
this hall discovered its principle - we have had a steady companion, an appliance 
familiar to every one, a plaything once, a thing of momentous importance now - the 
induction coil. There is no dearer appliance to the electrician. From the ablest among 
you, I dare say, down to the inexperienced student, to your lecturer, we all have passed 
many delightful hours in experimenting with the induction coil. We have watched its 
play, and thought and pondered over the beautiful phenomena which it disclosed to 
our ravished eyes. So well known is tlus apparatus, so familiar are these phenomen:t 
to every one, that my courage nearly fails me when I think that I have ventured to 
address so able an audience, that I have ventured to entertain you with that same old 
subject. Here in reality is the same apparatus, and here are the same phenomena, only 
thc> apparatus is operated somewhat differently, the phenomena are ·presented in a 
different aspect. Some of the results we find as expected, others surprise us, but all 
captivate our attention, for in scientific investigation each novel result achieved may 
be the centre of a new departure, each novel fact learned may lead to important 
developments. 

Usually in operating an induction coil we have set up a vibration of moderate 
f r:quency in the primary, either by means of an interrupter or break, or by the use of 
an alternator. Earlier English investigators, to mention only Spottiswoode and J. E. H. 
Gordon, have used a rapid break in connection with the coil. Our knowledge and 
experience of to·day enables us to see d early wpy these coils under the conditions of the 
tests did not disclose· any remark:ible phenomena, and why able experimenters failed 
to perceive many of the curious effects which have since been observed.· 

In the experiments such as performed this evening, we operate. the coil either from 
a specially constructed alternator capable of givi(lg many thousands of reversals of 
current per second, or, by disruptively discharging a condenser through the }Jrimary, 
we set up a vibration in the secondary circuit of a frequency of many' hundred thousand 
or millions per second, if we so desire; and in using either of these means we enter 
a tield as yet unexplored. 

I t is impossible to pursue an investigation in any novel line without finally making 
some interesting observation or learning some useful fact. That this statement is applicable 
to the subject of this lecture the many curious and unexpected phenomena which we 
observe afford a convincing proof.:J.3y way of illustration, take for instance the most 
obvious phenomena, those of the ~ischilrge. of the induction coil. 

Here is a coil which i~ operated · by currents vibrating with extreme . rapidity, 
obtained by 'disruptively discharging a Leyden jar. It would not surprise a student were 
the lecturer to say that the secondary of this coil consists of a small length of comparatively 
st('.ut wire; it would not surprise him were the lecturer to state that, in spite of th is, the 
coil is capable of giving any potential which the best insulation of the turns is 'able to 
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withstand; but ~!though he may be prepared, and <;vcn be indifferent as to the anticipated 
result; yet the aspect of the discharge of · the coil ~ill surprise and interest him. Every 
one is familiar with the discharge of an ordinary coil; it need not be reproduced here. 
But, by' way of contrast; here· Is a· form of discharge of a coil, the primary current of 
which is yibrating several hundred thousand times _per second. The discharge of an 
ordinary coil appears as a simple line or );>arid of light. The discharge of this coil 
appears in the form of powerful brushes and luininous· streams issuing from all points 
of the tWo straight wires attached to the terminals of the secondary (Fig. 1.). 

Now compare this p.hcnorrienon whid1 you have just witnessed with the discharge 
of a Holtz or \Vimshurst machine - that other interesting appliance so dear to the 
experimenter. What a difference there is ·between these phenomena! And yet, had 
I made the necessary arrangements - whid1 'could have been made ·easily, were it ·not 
that they would interfere with other exper.iments - I could ha\re produced with this 
coil sparks which, had I the coil hidden from your vievr and only two knobs exposed, 
even the keenest observer among ·you ·would find it difficult, if not impossible, tv 
distinguish from .those of an influence or friction machine. This may b'e done in many 
ways - ·for. instance, by operating the induction· coil which charges the condenser from 
an alternating-current machine of very low frequency, and preferably adjusting the 
disd1arge circuit so that there are no oscillations 
set. up. in it. \Y/e then obtain in the secondary 
circuit, if the knobs arc of the required size and 
properly set, a more or less rapid succession of 
_sparks of great intensity and small quantity, . whid1. 
possess the same brilliancy, ~nd are accompanie<! 
by the same sharp crackling _sound, as ·thos~ 
obtained from a triction or influence machine . . . . 

Another way is to pass through two primary 
-circuits, .having a''comm.on: secondary, ·two currents 
of a slightly different period, whid1 produce in 
the. secondary circuit sparks occurring at comparat
-ively long intervals. But, even with the means 
·:it hand this· eventng, I . may succeed in 
imitating the spail~ . of . a Holtz machine. For _ 
'this. purpose ·r establish between the terminals' of 
the coil whiCh charges the ·· ·condenser a long, 
~nsfeady _arc, whim is periodically interrupted by 
the ~pward current of air produced by it. To 
increase the current of air I place on each side 
of the arc, and close to it, a large plate of mica .. 
The condenser chart;ed from this coil'· discharges 
into the· primary circuit · of a second coil through 
a small air gap, whid1·. is necessary to · prod~ce 
a· sudden. . rush of. current through . the prin1ary. ,.,. - ··tg: 1. 
The scheme of:. .connections · in the present 
exper1ment is indicated in· Fig. 2. 

· G is an ordinarily constructed alternator, supplying the primary P of an induction 
-~oil, the seco~dary s of which cbarges the condensers or jars c c. The terminals of the 
secondary are ·connected to the iriside coatings of the jars, the outer coatings being 
connected to the ends of the primary p p of a second induction coil. This primary p P 
ha.< a small air gap a b. 
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. 
The secondary s of this coil is provided with knobs or spheres K K of the proper 

size and set at a distance suitable for the experiment. 
A long arc is established between the terminals A B of the first induction coil. M M 

arc the mica plates. 
Each time the arc is broken between A and B the jars are quickly charged: and 

discharged through the primary p p, producing a snapping spark between the knobs 

K 

a 

s 

a 

Fig. 2. 

K 

K K. Upon the arc forming between A and B the potential falls, 
and the jars cannot be charged to such high · potential as to bre:~k 
through the .air gap a b until the arc is again broken by the 
draught. 

In . th is manner sudden impulses, at long intervals, arc 
produced in the primary p p, which in the secondary s give a 
corresponding number "of impulses of great intensity. If the 
secondary knobs or spheres, K K, are of the proper size, the 
sparks show much resemblance to those of a Holtz machine. 

But these two effects, which to the eye appear so very 
different, are only two of the many discharge phenomena. We 
only need to change the conditions of the test, and again we 
make other observations of interest. 

\'V'hen, instead of operating the induction coil as in the last 
two experiments, we operate it from a high frequency alternator, 
as in the next experiment, a systematic study of the phenomen:t 
is rendered much more easy. In such case, in varying the strength 
and frequency of the currents through the primary, we may 
observe five distinct forms of disd1arge, which I have described 
in my former paper on the subject* before the American Instih1te 
of Electrical Engineers, May 20, 1891. 

It would take too much time, and it would lead us too far 
from the subject presented this evening, to reproduce all these 
forms, but it seems to me desirable to show you one of them. It 
is a brush discharge, which is interesting in more than one respect. 
Viewed from a near position it resembles much a jet of gas 
escaping under great pressure. We know that the phenomenon is 
due to the agitation of the molecules near the terminal, and we 
anticipate that some heat must be developed by the impact of the 
molecules against the terminal or against each other. Indeed, we 
find that the brush is hot, and only a little thought leads us to 

the conclusion that, could we but reach sufficiently high frequencies, we could produce 
a brush which would give intense light and heat, and which would resemble in every 
particular an ordinary flame, save, perhaps, that both phenomena might not be due to 
the same agent - save, perhaps, that chemical affinity might not be electric-al in it; 
nature. 

As the production of heat and light is here due to the impact of the molecules, 
or atoms of air, or sometl1ing else besides, and, as we can augment the energy simply 
by raising the potential, we might, even with frequencies obtained from a dynamo 
machine, intensify the action to such a degree as to bring the .terminal to melting heat. 
Bud with such low frequencies we would have to deal always with something of tire 
nature of an electric current. If I approad1 a conducting object to the brush, a thin little 
spark passes, yet, even witl1 the frequencies used this evening, the tendency to spark is 
not very great. So, for instance, if I hold a metallic sphere at some distance above the 

. 
• Sec The Electrical World, July 11, 1891. 



L-53 

terminal you may sec the whole space between the terminal and sphere illuminated by 
the streams without the spark passing; and with the much higher frequencies obtainabl~ 
by the disruptive discharge of a condenser, were it not for the sudden impulses, which 
are comparatively few in number, sparking would not occur even at very small distances. 
However, with incomparably higher frequencies, which we may yet find means to 
produce efficiently, and provided that electric impulses of such high frequencies could be 

·transmitted through a conductor, the electrical characteristics of the brush discharge 
would completely vanish - no spark would pass, no shock would be felt - yet wr: 
would still have to deal with an electric phenomenon, but in the broad, modern 
interpretation of the word. In my first paper before referred to I have pointed out the 
curious properties of the brush, and described the best manner of producing it, but 
I have thought it worth while to endeavor to express myself more dearly in regard 
to this phenomenon, because of its absorbing interest. 

When a coil is operated with currents of wery high frequency, beautiful brush 
effects may be produced, even if the coil be of comparative! y small dimensions. TI1e 
experimenter may vary them in many ways, and, if it were nothing else, they afford a 
pleasing sight. What· adds to their interest is that they may be produced with one 
single terminal as well as with two - in fact, often better with one than with two. 

But of all the discharge 
phenomena observed, the most 
pleasing to the eye, and the most 
instructive, are those observed with 
a cbil whid1 is operated by means 
of the disruptive discharge of a 
condenser. The power of the 
brushes, the abundance of the 
sparks, when the conditions are 
patiently adjusted, is often amazing. 
With even a very small coil, if it be 
so well insulated as to stand a dif
ference of potential of several 
thousand volts per turn, the sparks 
may be so abundant that the whole 
coil may appear a complete mass 
of fire. · 

Curiously enough the sparks, 
when the terminals of the coil arc 
set at a considerable distance, seem 
to dart in every possible direction 
as tho~Jgh the terminals were 
perfectly independent of eac.lt 
other. As the sparks would ·soon 
destroy the insulation it is necessary 
to prevent them, TI1is is best done fig. 3. 
by immersing the coil in a good 
liquid insulator, such as boiled-out oil. Immersion in a liquid may be considered almost 
an absolute necessity for the continued and successful working of such a coil. 

It is of course out of the question, in an experimental lecture, ,with only 
a few minutes at disposal for the perfonnance of each experiment, to show these 
discharge phenomena to advantage, as to produce each phenomenon at its best a very 
careful adjustment is required. But even if imperfectly produced, as they are likely to be 
this evening, they are s·ufficiently striking to interest an intelligent audience. 
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Before showing some of these curious effects I · must, for the sake of completeness, 
give a short description of the coil and other apparatus used in the experiments with the 
disruptive discharg~ this evening. .. 

It is contained in a box B (Fig. 3) of thick boards of hard wood, covered on the 
outside with zinc sheet Z, which is carefully soldered all around. It might be advisable, i•~ 
a strictly scientific investigation, when accuracy is of great importance, to do away with 
the metal cover, as it might introd\lce many errors, principally on account of its complex 
action upon the coil, as a condenser of very small capacity and as an electrostatic arid 
electromagnetic screen. When the coil is used for sbch experiments as are here contemplat
ed, the employment of the metal cover offers some practical advantages·, but these arc 
not of sufficient importance to be dwelt upon. · 

Fig: 4. 

TI1e coil should· be placed symmetrically to the. metal cover, and the space between· 
should, of course, not be too small, certainly not less than, say, five centimetres, but 
much more if possible; especially the· two sides of the zinc box, which · are at: right 
angles to the a.xis of.thc coil, should be su£fi~iently remote from the latter, as otherwise 
they might impair its action and be a source of loss. 

The coil consi.sts of two spools of hard· rubber R' R, held apart at a distance of 
10 centimetres by bolts c and nuts n, likewise of hard rubber. Each spool comprises a tube 
T of approximately 8 centimetres inside diame~er, and 3 millimetrcs thick, upon which 
are screwed two flanges F F, 24 centin;letres:. square, the space between the flanges 
being about 3. centimetres. The secondari, .s.s,· of the best gutta percha-covered wire, has· 
26 layers, 10 turns i'n each; ·giving for each:half a total of 260 turns. The two halves are 
wound oppositely and connected in· series; the connection between both being made 
over the primary. This disposition, · besides being convenient, has the advantage that 
when the coil is well balanced - that is, when both of its terminals T 1 T 1 are connected 
to bodies or devices of equal capacity - there is 'not much danger of breaking through 
to the primary, and the insulation between the primary and. the secondary need not be 
thick. In using· the coi.l it is advisable to attadt to both terminals devices of nearly. 
equal capacity, as, when the capacity of the terminals is not equal, sparks will be apt 
to pass to the primary. To avoid this, the middle point of the secondary may be connected 
to the primary, but this is not always practicable. · . . 

The primary P P is wound in two parts, and oppositely, upon a wooden spool IV, 
and the four ends are Jed out of the oil through hard ·rubber tubes t J. The ends of the 
secondary 1"1 T 1 arc also led out of the oil through rubber tubes t 1 t1 of great thickness. 
The primary and secondary layers arc insulated by Cotton cloth, the thickness of the 
insulation,. of course, bearing some proportion to the difference of potential between the 
turns of the different layers. Each half of the primary has four layers, 24 turns in each, 
this giving a total of 96 turns. \Vhen both the parts are connected in series, this gives ·a 
ratio of conversion of about 1:2.7, . and with .the primaries. in multiple, 1:5,4; but in 
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.operating with very rapidly alternating currents this ratio docs not convey even ln . 
approximate idea of the ratio of the E.M.Fs. in the primary and secondary circuits. The 
coil is held in position in the oil on wooden supports, there being about 5 centimetres 
thickness of oil all round. Where the oil' is not specially needed, the space is filled with 
pieces of wood, and for this. purpose principally the wooden box B surrounding the 
whole is used. · · · 

The construction here shown is, of course, not the best on general principles, but 
I believe it is a good and convenient one for the production of effects in which ~r.. 
excessive potential and a very small current are needed. 

In connection with the coil I use either the ordinary form of discharger or a modified 
form. In the former I have introduced two changes wl'\ich secure some advantages, an;:! 
which are obvious . . If th'y are mentioned, it is only in the hope that some experimenter 
may find them of use. 

One of the changes is that the adjustable knobs A and B (Fig. 4), of the discharger 
are held in jaws of brass, .f J, py spring pressure, this allowing of turning them 
successively into different positions, and so doing away with the tedious process ot 
frequent polishing up. . 

The other change consists in the employment of a strong electromagnet N S, which 
is placed with its axis at right angles to the line joining the knobs A and B, and produces 
a strong magnetic field between them . . The pole pieces of the magnet are movable and 
properly formed so as to protrude between the brass knobs, in order to make the fiel.:l 

Fig. 5. 

as intense as possible; but to prevent the discharge from jumping to the magnet the 
pole pieces are protected by a layer of mica, .iH Af, of sufficient thickness. s1 s1 and s2 s2 
are screws for fastening the wires. On eadl side one of the screws is for large and the 
other for small wires. L L arc screws for fixing in position tire rods R R, which support 
the knobs. 

In another arrangement with the magnet I take the discharge between the rounded 
pole pieces themselves, which in such case are. insulated and preferably provided with 
polished brass caps. · . 

The employment of an intense magnetic field is of advantage principally when 
the induction coil or transformer which charges the condenser is operated by currents 
of very low frequency. In sud\ a case the number of the ftmdamcntal discharges between 
the knobs may be so small as to render the currents produced in the secondarjr unsuitable 
for many experiments. The intense magnetic field than serves to blow out the arc between 
the knobs as soon as it is formed, and the fundamental disd1arges occur in quicker 
succession. · 

Instead of the magnet, a draught or blast of air may· be employed . with some 
advantage. In this case· the arc is preferably established between the knobs A B, in 
Fig. 2 (the knobs a b being generally joined, or entirely done away with), as in this 
disposition the arc is long and unsteady, and is easily affected by the draught. 

When a magnet is employed to break the arc, it is better to choose the connection 
indicated diagrammatically in Fig 5, as in this case the currents forming the_arc arc much 
more powerful, and the' magnetic field exercises a greater influence. The use of the 
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magnet permits, however, of the arc being repbced by a vacuum tube, but I have 
encountered great difficulties in working with an exhausted tube. 

The other form of discharger used in these and similar experiments is indicated 
in Figs. 6 and 7. It consists of a number of brass pieces c c (Fig. 6), each of which 
comprises a spherical middle portion m with an extension e below - which is merely 
used to fasten the piece in a lathe when polishing up the discharging surface - and a 
column above, which consists of a knurled flange f surmounted by a threaded stem l 
carrying a nut 11, by means of which a wire is fastened to the column. The flange f 

Fis. 6. 

conveniently serves fqr holding the brass piece when fastening the wire, and also for 
turning it in any position when it becomes necessary to present a fresh discharging 
surface. Two stout strips of hard rubber R R, with planed grooves g g (Fig. 7) to fit 
the middle portion of the pieces c c, serve to clamp the latter and hold them firmly 
in position by means of two bolts C C (of which only one is shown) passing through the 
ends of the strips. 

In the use of this kind of discharger I have found three principal advantages over 
the ordinary form. First, the dielectric strength of a given total width of air space is 
greater when a great many small air gaps are used instead of one, which permits of 
working with a smaller length of air gap, and that means smaller loss and less 
deterioration of the metal; secondly by reason of splitting the arc up into smaller arcs, 
the polished surfaces are made to last much longer; and, thirdly, the apparatus affords 
some gauge in the experiments. I usually set the pieces by putting between them sheets 
of uniform thickness at a· certain very small distance which is known from the 
experiments of Sir William Thomson to require .a certain electromotive force to be 
bridged by the spark. 

It should, of course, be remembered that the sparking distance is much diminished 
as the frequency is increa.sed. I3y taking any number of spaces the experimenter has a 
rough idea of the electromotive force, and he finds it easier to repeat an experiment. 
as he ha.; not the trouble of setting the knobs again and again. \Vith this kind of 
discharger I have been able to maintain an oscillating motion without any spark being 
visible with the naked eye between the knobs. and they would not show a very 
appreciable rise in temperature. This form of discharge also lends itself to many 
arrangements of condensers and circuits which are often very convenient and time-saving. 
I have used it preferably in a disposition similar to that indicated in Fig. 2, when 
the currents forming the arc arc small. 

I may here mention that I have also used dischargers with single or multiple air 
gaps, in which the discharge surfaces were rotated with great speed. No particular 
advantage was, however, gai"ned by this method, except in cases where the c\Jrrents 
from the condenser were large and the keeping cool of the surfaces was necessary, nnci 
in cases when, the discharge not being oscillating of itself, the arc as soon as established 
was broken by the air current, thus starting the vibration at intervals in rapid succession. 
I have also used mechanical interrupters in many ways. To avoid the di"fficulties with 
frictional contacts, the preferred plan adopted ·was to establish the arc and rotate throu,(\h 
it at great speed a rim of mica provided with many holes and fastened to a steel plate. 
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It is understood, of course, that the employment of :1 magnet, air current, or other 
interrupter, produces an effect worth noticing, unless the self-induction, capacity and 
resistance are_ so related that there are oscillations set up upon each interruption. 

I will now endeavor to show you some of the most noteworthy of these discharge 
phenomena. 

A 
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Fis. 1. 

I have stretched across the room two ordinary cotton covered w1res, each about 
7 metres in length. They are supported on insulating cords at a distance of about 
30 centimetres. I attach now to each of the terminals of the coil o.ne of the wires and 
set the coil in action. Upon turning the lights off in the room you see the wires strongtr 
illuminated by the streams issuing abundantly from their whole surface in spite of the 
cotton covering, which may even be very thick. When the experiment is performed 
under good conditions, the light from the :. wires is sufficiently intense to allow 
distinguishing the objects in a room. To produce the bes_t result it is, of cource, necessary 
to adjust carefully the capacity of the jars, the arc between the knobs and the length of 
the wires. My experience is th:1t calc\.ilation of the length of the wires leads, in suCtl 
case, to no result whatever. The experimenter will do best to take the wires at the start 
very long, and then adjust by cutting off first long pieces, and then smaller and smaller 
ones as he approaches the right length. 

A convenient way is to use an oil condenser of very small capacity, consisting of 
two small adjustable metal plates, in connection with this and similar experiments. 
In such case I take wires rather short and set at the beginning the condenser plates at 
maximum distance. If the streams for the wires increase by approach of the plates, 
the length of the wires is about right; if they diminish the wires are too long for that 
frequency and potential. When a condenser is used in connection with ·experiments with 
such a coil, it should be an oil condenser by all means, as in using an air condenser 
considerable energy might be wasted. The wires leading to the plates in the oil should 
be very thin, heavily coated with some insulating compound, and provided· with ;1 

conducting covering - this preferably extending under the surface of the oil. The 
conducting cover should not be too near the terminals, or ·ends, of the wire, as a spark 
would be apt to jump from the wire to it. The conducting coating is used to diminish 
the air losses, in virtue of its action as an electrostatic. screen. As to the size of the vessel 
containing the oil, and the size of the plates, the experimenter gains :tt once an idea 
from a rough trial. The size of the plates i11 oil is, however, .calculable, as the dielectric 
losses are very small. 

In the preceding experiment it is of considerable interest to know what relation 
the quantity of the light emitted bears to the frequency and potential of the electric 
impulses. My opinion is that the heat as well as light effects produced should b:: 



L·58 

proportionate, under otherwise equal conditions of test, to the product of frequency and 
square of potential, but the experiq1ental verification of the law, whatever it may be, 
would be exce·edingly difficult. One thing is cedain, at any rate, and that is, that· in 
augmenting the potential and freq·uency we rapidly· intensify the streams; and, though 
it may be very sanguine, it is surely not altogether hopeless to expect that ·we 
may succeed in producing a practical illuminant on these Jines. We would then be 
simply using burners or flames, ·ln···whic;h .. there would be no chemical process, no 
consumption of material, but merely a transfer ·of·. ene_rgy, and which would, in all 
probability emit more light. and ~ess heat _tl}an .ordinary. f!aines. 

! II 

. 
fig. 8. 

The luminous intensity of the streams is, ot 
course, considerably increased when they are focused 

' upon a small surface: This may be shown by the 
following experiment: 

I attach to one of the terminals of the coil n 
wire w (Fig. 8), bent in a circle of about 30 
centimetres in diameter, and to the other termiMI 
~ fasten a small brass sphere s, the surface of the 

.. wire being preferably equal to the surface of ~he 
sphere, and the centre of the latter being in a line 
at right angles to the plane of the wire circle and 
pas~ing tl1rough its centre. When the discharge (; 
established under proper conditions, a luminous 
hollow cone is formed, and in the dark · one-half 
of the brass sphere is strongly illuminated, as shown 
in the cut. 

By .some artifice or other, it is easy to 
concentrate the streams upon small surfaces. and to· 
produce very strong light effects. Two thin w1res 
may thus be rendered intensely luminous . . 

In order to intensify the streams the wires 
should be very thin and short; . but as in this case 

their capacity would be generally . .too small for the · coil - at least, fo~ such a one as 
the present - it is necessary to augment the capacity to the required value, while, nt.the 
same time, the surface of the wires remain~ vecy small. This may be done in many ways. 

Here, for instance, I. have two plates R R, of hard rubber (Fig. 9), upon which 
I· have.glued two very. thin wires 111 w, so as to form a name. TI1e wires may be bare or 
covered with ·the best insulation :-.it is immaterial for the s·uccess of the experiment. 
Well ·in·sulatcd wires, if anything, arc preferable. On the back of each plate, indicated 
by the shaded portion, is a tinfoil coating t t. The plates arc placed in line at a sufficient 
distance to pr.event a spark passing from one to the other wire. The two tinfoil coatings 
I have joined by a conductor C, and the two wires .I presently' connect to the termi~als 
of the coii. .It is now easy, by varying the strength and frequency of. the Clirrcnts throu.t;h 
the primary, to find a point at. which tlie capacity of the system is best suited to the 
conditions, and the wires become so strongly luminous that, when ·the light in: the room·. 
is· ~rned- off .the name formed by them appears in brilliant letters. · . · 
· It is perhaps preferable to perform tl1is experiment with a coil opemted from an 

alternator of high frequency, as then, owing to the harmonic rise and fall, the streams 
are very uniform, though they are less abundant· tl1an when produced with sud1 a coif 
as the present. This exJ>"eriment, however, may be performed with low frequencies, but 
much less satisf~ctorily. ·· : · ; ; 

. . 
\Xfhen two wires, attad1ed to the terminals of the coil, arc set at tl1e proper distance, 

the streams between them may be so intense as to produce a continuous luminous sheet. · 
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To show this phenomenon I have here two circles, .C and c (Fig. 10), of rather stout 
wire, one being.about 80 centimetres and tl]e other 30 centimetres in diameter. To each 
of the·terminals of the coil I attad1 one of the circles .. The supporting wires are so bent 
that the circles· may be placed in the same plane, coinciding as nearly as possible. \"qhen 
the light in the room is turned off and the coil set to work, you see the whole space 
between the wires uniformly filled with streams, forming a luminous disc, which 
coil.ld be seen from a considerable distance, such is 'the intensity of the streams. The 
outer circle could have been·much larger than the present one; in fact, with this coil I. have 
used much larger circles, and I have been able to produce a strongly luminous sheet, 
covering an area of more than one square metre, which is a remarkable effect with 
this very small coil. To avoid uncertainty, the cirde has been taken smaller, and the 
area is now about 0,43 square metre. . 

Fis. 9. 

The frequency of the vibratiQn, and the . quickness of succession . of the sparks 
between the knob.s, affect to a: marked degree the. appearance of . the· ~treams. When 
the frequency is very Jo:w, the air gives way in more or less the same _manner, as. by · !l 
steady' difference of · potential, aiid the streams consist of distinct threads, . generally 
mingled with thin sparks, whidi i'robably correspond to the successive discharges 
occurring between the knobs. But when the frequency is extremely high; and the arc 
of the discharge produces a very loud but smooth sound - showing both that oscillation 
takes place and that the sparks succeed each' other with great rapidity - then the 
luminous· streams .formed are perf(!ftly uniform. To reach this result · very ·small coils 
and jars of small :capacity should be used. I take . two tubes of thii:k Bohemian glass, 
about ·5 centimetres in ·diameter and 20 ccntiJilctrcs long. In each of the tubes I slip a 
priinary··of very thick copper wire. On.the top of each tube I wind a secondary of ·much 
thinner gutta-percha covered wire .. The t;vo secondaries· I .connect in series, the primaries 
preferably in. multipl.e .arc. The tubes an: then p!aceq in a large glass·vessel, at a distance 
of 10 to 15 centimetres from each other, on insulating.supports, and t!Je. ':csscl is f.illcd . 
with boiled out oil, the oil reaching about an inch above the tubes . . The free ends of the 
·Secondary are lifted out of the oil and placed parallel to each other at a distance of 
about 10 ·centimetres. ·The ends wl:iich arc scraped should be dipped in the oil.. Two· 
four-pint jars joined in· series may be used to discharge through the primary.: When ·the 
necessary a<.ljustments: in· the length and <.l istancc of the· wires· above the oil and in the arc ' 
of discharge are made, a luminous sheet is produced between the wires which is perfectly 
smooth and textureless, like the ordinary discharge through a moderately exhausted tube. · . . 
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I have purposely dwelt upon this apparently insignificant experiment. In trials of 
this kind the experimenter arrives at the startling conclusion that, to pass ordinary 
luminous discharges through gases, no particular degree of exhaustion is needed, but 
that the gas may be at ordinary or even greater pressure. To accomplish this, a very high 
frequency is essential; a high potential is likewise required, but this is a merely incidental 
necessity. These experim·ents teach us that, "in endeavoring to discover novel methods of 
producing light by the agitation of atoms, or molecules, of a gas, we need not limit our 
research to the vacuum tube, but may look forward quite seriously to the possibility of 
obtaining the light effects without the usc of any vessel whatever, with air at ordinary 
p~~re. ' 

Such discharges of very high frequency, which rende~ luminous the air "at ordinal) 
pressures, we have probably often occasion to witness in Nature. I have no doubt that 
if, as many believe, the aurora borealis is produced by sudden cosmic disturbances, such 

Fig. 10. 

as eruptions at the sun's surface, which set the electrostatic 
charge of the earth in im extremely rapid vibration. 
the red glow observed is not confined to the upper 
rarefied strata of the air; but the discharge traverses, 
by reason of its very high frequency, also the dense 
atmosphere in the form of a gl111u, such as we ordinarily 
produce in a slightly exhausted tube. If the frequency 
were very low; or even more· so, if the charge were not 
at all vibrating, the dense air would break down as in a 
lightning discharge. Indications of such breaking down 
of the lower dense strata of the. air have been repeatedly 
observed at the occurrence of this marvelous phenomenon; 
but if it docs occur, it can · only be attributed to the 
fundamental disturbances, which are few in number, for 
the vibration produced by them would be far too rapid 
to allow a disruptive break. It is the original and irregular 
impulses whid1 affect the ins.truments; the superimposed 
vibrations probably pass unnoticed. 

When an ordinary low frequency discharge is 
passed through moderately rarefied air, the air assumes 
a purplish hue. If by some means or other we increase 
the intensity of the molecular, or atomic, vibration, 
the gas changes to a white color. A similar change 

occurs at ordinary pressures with electric impulses of .vc_ry high frequency. If the 
molecules of the air around a wire are moderately agitated, the brush formed is reddish 
or violet; if the vibration is rendered sufficiently intense, the streams become white. 
We may accomplish this in various· ways. In the experiment before .shown with the two 
wires across the room, I have endeavored to secure the result by pushing to a high value 
both the frequency and potential; in the experiment with the thin wires glued on the 
rubber plate I have concentrated the action upon a very small surface - in other words, 
I have worked with a great electric density. . . 

A most curious form .of discharge is observed with such a coil when the frequency 
and potential are pushed to the extreme limit. To perform the experiment, every ·part 
of the coil should be heavily insul:tted, and only two small spheres - or, better still, 
two sharp-edged metal discs ( d d, Fig. 11) of no more than a few centimetres in 
diameter - should be exposed to the air. The coil !)ere used is immersed in ;oil, and 
the ends of the secondary reaching out of the oil arc covered with an air-tight cover 
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of hard rubber of great thickness. All cracks, if there are any, should be carefully 
stopped up, so that the brush disch:uge cannot form . anywhere except on the small 
spheres or plates which are exposed to the air. In this case, since there are no large 
plates or other bodies of capacity attached to the terminals, the coil i~ capable of an 
extremely rapid vibration. The potential may be raised by increasing, as far as the 
experimenter judges proper, the rate of change of the primary current. With a coil no: 
widely differing from the present, it is best to connect the two primaries' in multiple 
arc; but if the secondary should have a much greater number of turns the primaries 
should preferably be used in series, as otherwise the vibration might be too fast for the 
secondary. It occurs under thes·e conditions that misty white streams break forth from 
the edges of the discs and spread 
out phantom-like into space. With 
this coil, when fairly well produced, 
they are about 25 to 30 centimetres 
long. When the hand is held against 
them no sen·sation is produced, and 
a spark, causing a shock, jumps from 
the terminal only upon the hand being 
brought much nearer. If the oscillation 
of the primary current is rendered 

· intermittent by some means or othet, 
there is a corresponding throbbing of 
the streams, and now the hand or 
other conducting object may be 
brought in still greater proximity to 
the terminal without a spark being 
caused to jump. . 

Among the many beautiful phe-
nomena which may be produced with Fig. 11. 
such a coil I have here selected only 
those which appear to possess some features of novelty, and lead us to some conclusions 
of interest. One will not find it at all difficult to produce in the laboratory, by means 
of it, many other phenomena which appeal to the eye even more than these here shown, 
but present no p:uticular feature of novelty. 

Early experimenters describe the display of sparks produced by an ordinary large 
induction coil upon an insulating plate separating the terminals. Quite recently Siemens 
performed some experiments in which fine effects were obtained, which were seen by 
many with .interest. No doubt large coils, even if operated with currents of low 
frequencies, are capable of producing beautiful effects. But the largest coil ever made 
could not, by far, equal the magnificent display of streams and sparks obtained from 
such a disruptive discl1arge coil.when properly adjusted. To give an idea, a coil such 
as the present one will cover ea.Sily a plo.te of 1 metre in diameter completely with the 
streams. The best way to perform such experiments is to take a very thin rubber or a 
glass plate and glue on one side of it a narrow ring of tinfoil of very large diameter, and 
on the other a circular washer, the centre of the latter coinciding with that of the ring, 
and the surfaces of both being pr.eferably equal, so as to keep the coil well balanced. 
The washer and ring should be connected to the terminals by heavily insulated thin 
wires. It is easy in observing the effect of the .capacity to produce a sheet of uniform 
streams, or a fine network of thin silvery threads, or a mass of loud brilliant sp:uks, 
which completely cover the plate. 

Since I have advanced the idea of the conversion by means of the disruptive 
discharge, in my paper before the American Institute of Electrical Engineers at the 
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beginning of the past year, the interest excited · in it ·has been considerable. It affor'cl:: 
.us a means for producing any potentials by the. aid of inexpensive coils operated from 
ordinary systems ~f distribution, and ~·what' is· perhaps more appreciated ~ it enables 
us to convert currents of any frequency into ·currents of any.· other lower or higher 
frequency. But its chief. value will perhaps be .found in the .help which · it will afford 
.us in the investigations · of the phenomena ·of · phosphorescence, which a disruptive 
discharge coil is capable of .exciting in innumerable cases where ·ordinary coils, even the 
largest, would utterly fail. · · 

Consioering ItS probab!e uSes for many ·practical purposes, and its possibfe 
introduction into laboratories for scientific research, a few additional remarks as to the 
construction of such a coil will perhaps not be found superfluous. .. · · · 

It .is, of course, absolutely necessary to employ in such · a coil wires provided with 
the best insulation. ... · · · · ' · : . · 

Good coils may be produceo by employing wires covered with several layers of 
cotton, boiling. the coil a long' time in pure wax, and 'cooling under miJderate pressure. 
The advantage of such a ·coil is that it can be easily. handled,' but it cannot probably 
give as satisfactory results as a coil immersed in pure oil. B~ides, 'it seeins that the 
presence of a . large body of wax affects the coil ':disadvantageously, 'whereas this does 
not seem to be the case with oil. Perhaps it is beqmse. the dielectric losses'· in the liquid 
are smaller. ' · : · · " :. · · 

I have tried at first silk and cotton covered wires with oil i!llmersion, but I have 
been gradually led to use gutta-percha covered wires, which proved ~ost satisfactory. 
Gutta-percha insulation adds, of course, to the capacity of the <;oil, and this, espeCially 
if the coil be large, is a great .disadvantage when extreme frequencieS are desired; but, 
on the other hand, gutta-percha will withstand mucji mo.re· than an equal thickness of 
oil, and this advantage should be secured at any price. Once the· coil has been iil'!lnerscd, 
it should never be taken out of the oil for more than a .fc;w ho\ICS, else the gutta-percha 
will crack up and the coil will not be worth hal( as much ':is before. G)ltta-percha is 
probably slowly attacked by the oil, but after an)mmersion of eignt 'to .nine 'mootfis 
I have found no ill effects. · · · 

. . .. , 
I have obtained in commerce two kinds of gutta-percha wire: in one the insulation 

sticks tightly to the metal, in the other it does not. Unless a spec~al m~thod is followe;l 
to expel all air, it is much safer to use the first kind. I wind the coil "'Vithin an oil tank 
so that all interstices are filled up with the oil. Between the layers I use cloth' boiled out 
thoroughly in oil, calculating the thickness according to the difference of. potential 
between the turns. There seems not to pe a veiy great difference whatever kind ·of oil 
is used; I usc paraffine or linseed oil. · · · 
· .• To exclude more perfectly the air, an excellent way to- proceed, 3!1d casily'practiCablc 
with small coils, is the ·following: C.:ofl:Struct a box. of hard wood of very thick board~ 
which have been for a long time boiled in oil. The boards should be so joined as. to 
safely withstand the external air pressure. The coil being placed and .fastened ip· position 
within the box, the latter is closed with a strong lid, and covered with closely fitting 
metal sheets, the joints 'of which arc soldered very carefully. On the top two smalt holes 
ar~ drilled, passing through the metal sheet. and the wood, and iri theSe holes two sm':lll 
glass tu~ arc inserted and the j<>'ints made air-tight. One of the tubes is connected 
to a vacuum pump, and the other with a vessel containing ·a sufficient quantity of 
boiled-out oil. The latter tube has a very small hole at the bottom, and is provided \vith 
a stopcock. When a fairly good vacuum has been obtained, the stopcock is opened and 
the oil slowly fed in, Proceeding in this manner, it is impossible that any ·big bubbles; 
which are the principal danger, shou)d remain between .the' turns. The air is most 
completely excluded, probably better than by boiling out, which, however, when gutta-
percha coated wires arc used; is not practicable. · 
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For the primaries I use ordinary line wire with .a thick cotton coating. Strands of 
very. thin insulated wires properly interlaced· would, of course, be the best to employ 
.for the primaries, but they are not to be had.. · · 

In an experimental coil ,the size of the wires is· not of great importance. In the co'il 
here used the primary is No. 12 and the secondary No. 24 Brown .& Sharpe gauge wire; 
but the sections may be varied considerably. I would only imply different adjustments; 
tlie results aimed at would not be materially affected; · 

I have d;,elt at some length upon the various forms ·of brush discharge because, 
in studying them, we not only observe phenomena which please our eye, i?E_t also afford 
us food for thought, and lead us to conclusions of practical importance:/ In the use of 
alternating currents of very high teruion, too much precaution cannot be tilfen to prevent 
tile brush discharge. In a main conveying such currents, in an induction coii or 
transformer, or in a condenser, the brush discharge is a source of great danger to the 
insulation~In a condenser especially the gaseous matter must be most carefully expelled, 
.for in it t e charged surfaces arc ncar each other, and if the potentials are high, just as 
sure as a weight will fall if let go, so the insulation will give way if a single gaseous 
bubble of some size be present, whereas, if all g~eous matter were carefully excluded, the 
condenser would safely withstand a much higher difference of potential. [A main 
conveying alternating currents of very high. tension may be injured merely by-a blow
hole or small crack in the insulation, the more so as a blowhol<; is apt to conbin gas 
at low pressure; and as it appears almost impossible to completely obviate such little 
imperfections, I am led to believe that in our future distribution of .electrical energy 
by currents of very high tension liq'uid insulation will be used. The cost is a gre::tt 
drawback, but if we employ an oil as a1_1 i(lsulat~:>r the distribution of electrical energy 
with something like 100,000 volts, and even more, become, at least with high·er 
frequencies, so easy th::tt they could be hardly called cngin~ering feats. \"V'ith oil insulation 
and alternate current motors transmissions of power· can be 'effected with safety and 
upon an industrial b~sis at distances of as much as a thousand miles. ·1 . . . 

A pecu)iar property of oils, and liquid insulation in general, when. subject.ed to 
rapidly changing electric stresses, is to disperse any gaseous bubbles which may be present, 
and diffuse them through its mass, generally long before any injuriou~ bre~k can occur. 
Tnis feat).lre may be easily obs'erved with an ordinary induction coil hy taking the 
primary out, plugging up the end of the tube upon which the secondary: is wound, and 
filling it 'with .some fairly transparent 'insulator, such as paraffine oil. .A primary of a 
diameter something like six millimctrcs . smaller than the inside of the tube may be 
inserted in the oil. \"V'hen the coil is set to .work one may see, looking from the top 
through the oil, many luminous points - air bubbles whid1 arc caught by inserting the 
primary, and which arc rendered luminous _.in ·consequence of the violent bombardment. 
rhe occluded· air, by its impact against the oil, oeats it; the oil begins to .Circulate, 
<;arrying some of the air alo(lg with it, until the bubbles are dispersed and the luminous 
points disappear. In this manner, unless large bubbles are occluded in such way that 
circulation is rendered impossible, a damaging break is averted, the only effe.ct- being 
a moderate warming up of the oil. If, instead of the liquid, a solid insulation, no matter 
how thick, were used, a breaking th_rough and · injury of the apparatus . wo.uld be 
inevitable. · · · 

The . exclusion · of gaseous. m~ttcr frorn any apparatus in which the' di.electric is 
subjected td more or less rapidly changing electric forces is, however; not only desirable 
in ·order to avoid a possible injury of the apparatus, but also on :i.ccount,of economy. 
In a condenser, 'for instance, as long as only a solid or only a liquid dielectric is used, 
the loss is small; but if a gas under ordinary or small pressure be present the loss may 
be very great. Whatever the nature of the force acting in the dielectric may be, it seems 
th::tt in a .solid or liquid the molecular displacement produced by the fo~ce is small : 
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hence the product of force and displacement is insignificant, unless the force be very 
great; but in a gas the displacement, and therefore this product, is considerable; the 
molecules are free to move, they reach high speeds, and the energy of their impact is 
lost in heat or otherwise. If the gas be strongly compressed, the displacement due to the 
force is made smaller, and the losses are reduced. 

In most of the succeeding experiments I prefer, chiefly. on account of the regular 
and positive action, to employ the alternator before referred to. This is one of the 
several machines constructed by me for the purposes of these investigations. It Ius 384 
pole projections, and is capable of giving currents of a frequency of about 10,000 per 
second. This machine has been illustrated and briefly described in my first paper before 
the American Institute of Electrical Engineers, May 20, 1891, to which I have already 
referred. A more detailed description, sufficient to enable any engineer to build a similar 
machine, will be found in several electrical journals of that period. 

The induction coils operated from the machine are rather small, containing from 
5,000 to 15,000 turris in the secondary. They are immersed in boiled-out linseed oil, 
contained in wooden boxes covered with zinc sheet. 

I have found it advantageous to reverse the usual position of the wires, and to wind, 
in these coils, the primaries on the top; this allowing the use of a much bigger primary, 
which, of course, reduces the danger of overheating and increases the output of the coil. 
I m:tke the primary on eadt side at least one centimetre shorter than the seoondary, to 
prevent the breaking through on the ends, which would surely occur unless the insulation 
on the top of the secondary ~ very thick, and this, of course, would be disadvantageous. 

\'V'hen the primary is made movable, which is necessary in some experiments, and 
many times convenient for the purposes of adjustment, I cover the secondary with wax, 
and turn it off in a lathe to a diameter slightly smaller than the inside m ;the primary 
coil. The latter I provide with a handle reaching out of the oil, which serves to shift 
it in any position along the secondary. 

I will now venture to make, in regard to the general manipulation of induction 
coils, a few observations bearing upon points which have not been fully appreciated in 
eulier experiments with sud\ coils, and are even now often overlooked. 

The secondary of the coil possesses usually such a high self-induction that the 
current through the wire is inappreciable, and may be so even when the terminals are 
joined by a conductor of small resistance. If capacity is added to the terminals, the self
induction is counteracted, and ~ stronger current is m:~de to flow .through the secondary, 
though its terminals are insulated from each other. To one entirely unacquainted with 
the properties of alternating' currents nothing will look more puzzling. This feature 
was illustrated in the experiment performed at the beginning with the top plates of wire 
gauze attached to the terminals and the rubber plate. \'V'hen the plates of wire gauze 
were close together, and a small arc passed between them, the· arc prevented a strong 
current from passing through the secondary, because it did away with .. the capacity on 
the terminals; when the rubber plate was inserted between, the capacity of the condenser 
formed counteracted the self-induction of the secondary, a stronger current passed now, 
the coil' performed more work, and the disdtarge was by far more powerful. 

The first thing, then, in operating the induction coil is to ;combine capacity with 
the secondary to overcome the self-induction. If the frequencies and potentials are very 
high gaseo·us matter should be carefully kept away from the charged surfaces. If Leyden 
jars are used, they should be immersed· in oil, as otherwise considerable dissipation may 
occur if the jars are greatly strained. When high frequencies are used, it is of equal 
importance to combine a condenser with the primary. One may use a condenser con
nected to the ends of the primary or to the terminals of the alternator, but the latter is 
not to be reoommended, as the madtine might be injured. The best way is undoubtedly 
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to use the condenser in series with the primary and with the alternator, and to adjust 
its capacity so as to annul the self-induction of both the latter. The condenser should 
be adjustable by very small steps, and for a finer adjustment a small oil condenser with 
movable plates may be used conveniently. 

I think it best at this juncture to bring before you a phenomenon, observed by me 
some time ago, which to the purely scientific investigator may perhaps appear more 
interesting than any of the results whid1 I have the privilege to present to you this 
evemng. 

It m;;.y be quite properly ranked among the brush phenomena - in fact, it is a 
brush, formed at, or near, a single terminal in high vacuum. 

In bulbs provided with a conducting terminal, though it be of aluminium, the 
brush has but an ephemeral existence, and cannot, unfortunately, be indefinitely preserved 

· in its most sensitive state, even in a bulb devoid of any conducting electrode. In studying 
one phenomenon, by all means a bulb having no leading-in wire should be used. I have 
found it best to usc bulbs constructed as il\dicated in Figs. 12 and 13. 

Fig. 12. Fig. 13. 

In Fig. 12 the bulb comprises an incandescent lamp globe L, in the neck of whic!t 
is scaled a barometer tube b, the end of which is blown out to form a small spheres. This 
sphere should be sealed as closely as possible in the centre of the large globe. Before 
scaling, a thin tube t, of aluminium sheet, may be slipped in the barometer tube, but it 
is not important to employ it. . · 

·The small hollow sphere s is filled with some conducting powder, and a wire w is 
cemented in the neck for the purpose of connecting the conducting powder with the 
generator. 

The construction shown in Fig. 13 was chosen in order to remove from the brush 
any conducting body which might possibly affect it. The bulb consists in this · case of 
a lamp globe L, which has a neck 11, provided with a tube b and small sphere s, sealed 

6. Niko13 Tcsl> 
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to it, so that two entirely independent compartments are formed, as indicateJ in the 
drawing. When the bulb is in usc, the neck 11 i~ provided with a tinfoil coating, which 
is connected to the generatqr and acts inductively upon ·the moderately rarefied and 
highly conducting gas inclosed in the neck. From .there the current passes through the 
tube b into the smnll sphere s, to act by induction upon the gas contained in the globe L 

It is of advantage to make the tube 1 very thick, the hole through it very small, and 
to blow the sphere s very thin. It is of the greatest importance that the sphere s be 
placed in the centre of the globe L. · 

. Figs. 14, 15 and 16 indicate different forms, or 
stages, of the brush. Fig. 14 shows the brush as it first 
appears in a bulb provided with a conducting terminal: 
but, as in such a bulb it very soon disappears - often 
after a few minutes - I will confine myself to the 
description of the phenomenon as seen in a bulb without 
conducting electrode. It is observed under the following 
conditions: 

When the globe L ( figs. 12 and 13) is exhausted 
to a very high degree, generally the bulb is not excited 
upon connecting the wire 1v (Fig. 12) or the tinfoil 
coating of the bulb ·(Fig. 13) to the terminal of the 
induction coil. To excite it, it is usually sufficient to 
grasp the globe L with the. hand. An intense phosphor
escence then spreads at first over the globe, but soon 
gives place to a white, misty light. Shortly afterward 
one may notice that the luminosity is unevenly distributed 

Fig. 14. in the globe, and after passing the current for ·some· 
time the bulb appears as in Fig. 15. From· this stage the 

phenomenon will gradually pass .to that .indicated in Fig. 16, after some minutes, hours, 
days or weeks, according as the bulb is worked. Warming the bulb or increasi'ng the 
potential hastens the transit. 

\'X1hen the brush assumes the form indicated in Fig. 16, it may be brought to a state 
of extreme sensitiveness to electrostatic and magnetic influence. The bulb hanging straight 
down from a wire, and all objects being remote from it, the approach of the observer 
at a few paces from the bulb will cause the brush to fly to the opposite side, and· if he 
walks around the bulb it will always keep on the opposite side. It may begin to spin 
around the terminal long before it reaches that sensitive stage. When it begins to turn 
around principally, but also before, i't is affected by a magnet, and at a certain stage 
it is susceptible to magnetic influence to an astonishing degree. A small permanent 
magnet, with its poles at a distance of no more than two c_entimetres, will affect it visibly 
at a distance of two metres, slowing down or accelerating the rotation according to how 
it is held relatively to the brush. I think I have observed that at the stage when it is most 
sensitive to magnetic, it is not most sensitive to electrostatic, influence. My explanation 
is, that the electrostatic attraction between the brush and the glass of the bulb, which 
retards the rotation, grows much quicker than the magnetic influence when the intensity 
of the stream is increased. · 

When the bulb hangs with the globe L down, ~he rotation is always clockwise. In 
the southern hemisphere· it would occur in tlle opposite direction and on the equator 
the brush should not turn at all. The rotation may be reversed by a magnet kept at some 
distance. TI1e brush rotates best, seemingly, when it is at right angles to the Jines of 
force of the earth. It very likely rotates, · when at its maximum speed, in synchronism 
with the alternations, say 10,000 times. a second. TI1e rotation can be slowed down or 
accelerated by the approach or receding of the observer, or any conducting body, but it 
cannot be reversed by putting thu bulb in any position. When it is in the state of the 
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highe5t sensitiveness and the potential or frequency be vari~d the sensitiveness is rapidly 
diminished. Changing either of these but lit\le will generally stop the rotation. TI1e 

. sensitiveness is likewise affected by the variations of temperature. To attain gi:cat 
s~nsitive(less it is necessary to have the small sphere s in the centre of the globe L, as 
otherwise the electrostatic action of the glass of the globe will tend to stop the rotation. 
The sphere s should be ~mall and of uniform thickness; any dissymmetry of course has 
the effect to diminish the sensitiveness. 

The fact that the brush rotates in a definite direction in a permanent magnetic 
field seems to show that in alternating currents of very high frequency the positive 
and negative impulses are not equal, but that one always preponderates over the other. 

Fig.~· ~~. Fig. !6. 

Of course," this rotation in one direction may be due to the action of two clements 
of the same current upon each other, or to the action of the field produced by one of 
the elements upon the other, as in a series n1otor, without necessarily one impulse being 
stronger than the, other. The fact that the brush turns, as far as I could observe, in any 
position, would speak for this view. In such case it would turn at any point of the 
earth's surface. But, on the other hand, it is ·then hard to explain why a permanent 
magnet should reverse the rotation, and one must assume the preponderance of impulses 

· of one kind. . 
As to the.causes of the formation of the brush or stream, I think it is due to tht: 

electrostatic action of the globe and the dissymmetry of the parts. If the small bulb 
s :tnd the globe L were perfect concentric spheres, and the glass throughout of the same 
thickness and quality, I think the brush would not form, .as the tendency to pass would 
be equal on :til sides. That the formation of the stream is du~ to an irregularity is 
:tpparent from the fact that it has the tendency to remain in one position, and rotation 
occurs most generally only when it is brought out of this position by electrostatic or. 
magnetic influence. When in an extremely sensitive state it rests in one position, most 
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curious experiments may be performed ·with it. For instar.ce, the experimenter may, by 
selecting a proper position,-approach the hand at a certain considerable distance to ·the 
bulb, and he may cause -the brush to pass off 'by merely stiffening the muscles of the 
arm. \'V'hen it begi-ns to rotate slowly, and the hands-are held at a proper distance, it- is 
impossible to make even the slightest motion without producing a visible effect upon 
the brush. A metal plate connected to the ·other terminal of the coil affects it at _a great 
distance, slowing down the rotation often to one turn a second. 

I am firmly convinced that such a brush, when-we learn how to produce it properly, 
will prove a valuable aid in the investigation-of the nature of the forces acting in :tn 
electrostatic or magnetic field. If there is any motiO(l which is measurable going on in 
the space, sud1 a brush ought to reveal it. It is, so to speak, a beam of light, f rictionlcss, 
devoid of inertia_ 

I think that it may find practical applications in telegraphy. With such a brush it 
would be possible to send dispatches across the Atlantic, for instance, with any speed, 
since its sensitiveness may be so great that the slightest changes will_affect it. If it were 
possible to make the stream more intense and very narrow, its deflections could be 
easily photographed. 

I have been interested to find whether there is a rotation of the stream itself, or 
whether there is simply a stress traveling around in the bulb. For this purpose I mounted 
a light mica fan so that its vanes were in the path of the brush. Jf the stream itself was 
rotating the fan would be spun around. I could produce no di~tinct rotation of the fan, 
although I -tried the experiment repeatedly; but as the fan exerted a noticeable influence 
on the stream, and the apparent rotation of the latter was, in this case, never quite 
satisfactory, the experiment did not appear to be conclusive. _ 

I have been unable to produce the phenomenon with the disruptive discharge coil, 
although every other of these phenomena can be well produced by it - many, in f:lct, 
much better than with coils operated from an alternator. 

It may be possible to produce the brush by impulses of one direction, or even by 
a steady potential, in which case it would be still more sensitive to magnetic influence. 

In operating an induction coil with rapidly alternating currents, we realize _ with 
astonishment, for the first time, the great importance of the relation of capacity, 
self-induction and frequency as regards the general result. Tile effects of capacity are 
the most striking, for in these experiments, since the self-induction and frequency botn 
are high, the critical capacity is very small, and need be but slightly varied to produce 
a very considerable change. The experimenter may bring his body in contact with the 
terminals of the secondary of the coil, or attach to one or both terminals insulated bodies 
of very small bulk, sud1 as bulbs, and he may produce a considerable rise or fall of 
potential, and greatly affect the flow of the current through the primary_ In the expe
riment before shown, in which a brush appears at a wire attad1ed to one terminal, :m:l 
the wire is vibr:~ted when the experimenter brings his insulated body in contact with 
the other terminal of the coil, -the sudden rise of potential was made evident. 

I may show you the behavior of the coil in another manner which possesses a 
feature of some interest. I have here a little light fan of aluminium sheet, fastened to 
a needle and arranged to rotate freely in a metal piece screwed to one of the termin:tls 
of the coil. When the coil is set to work, the molecules of the air arc rhythmically 
attracted and repelled. As the force with whid1 they are repelled is greater than that with 
which they are attracted, it results that there is a repulsion exerted on the surfaces of the 
fan. If the fan were made simply of a metal sheet, the repulsion would be equal on the 
opposite sides, and would produce no effect. But if one of the opposite surfaces is screen
ed, or if, generally speaking, the bomb:udment on this side is weakened in some way or 
other, there remains the repulsion exerted upon the other, and the fan is set in rotation. 
The screening is best effected by fastening upon one of the opposing sides of the fan 
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insulated conducting coatings, or, if the fan is nude in the shape of an ordinary propeller 
screw, by fastening on one side, and close to it, an insulated metal plate. The static screen 
may how<'ver, be omitted and simply a thickness of insulating material fastened to one 
of the sides of the fan. 

To show the behavior of the coil, the fan may be placed upon the terminal and it 
will readily rotate when the coil is operated by currents of very high frequency. With 
a steady potential, of course, and even with alternating currents of very low frequency, 
it would not turn, because of the very slow exchange of air and, consequently, smaller 
bombardment; but in the latter case it might turn if the potential were excessive. \'V'ith 
a pin wheel, quite the opposite rule holds good; it rotates best with a steady potentia!, 
and the effort is the smaller the higher the frequency. Now, it is very easy to adjust 
the conditions so that the potential is normally not sufficient to turn the fan, but that by 
connecting the other terminal of the coil with an insulated body it rises to a much 
greater value, so as to rotate the fan, and it is likewise possible to stop the rotation by 
connecting to the terminal a body of different size, thereby diminishing the potential. 

Instead of using the fan in this experiment, we may usc the "electric" radiometer 
with similar effect. But in this case it will be found that the vanes will rotate only at 
high exhaustion or at ordinary pressures; they will not rotate at moderate pressures, 
when the air is highly conducting. This curious observation was made conjointly by 
Professor Crookes· and myself. I attribute the result' to the high conductivity of the air, 
the moleaJ!es of which then do not act as independent carriers of electric charges, out 
;~.ct all together as' a single conducting body. In such case, of course, if there is any 
repulsion at all of the molecules from the vanes, it must be very small. It is possible, 
however, that the result is .in part due to the fact.that the greater part of the discharge 
passes from the leading-in wire through the highly conducting gas, instead of passing 
off from the conducting vanes. 

In trying the preceding experiment with the electric radiometer the potential should 
not exceed -a certain limit, as then the electrostatic attraction between the vanes and 
the glass of the bulb may be so great as to stop the rotation. 

A most curious feature of alternate curren~s of high f requcncics and potentials is 
that they enable us to perform mariy experiments by the usc of one wire only. In m:my 
respects this feature is of great interest. 

In a type of alternate current motor invented by me some years ago I produced 
rotation by inducing, by means of a single alternating current passed throu,gh a motor 
circuit, in the mass or other circuits of the motor, secondary currents, which, jointly 
with the primary or inducing ament, created a moving field of force. A simple but 
crude form of such a motor is obtained by winding upon an iron core a primary, and 
close to it :1 secondary coil, joining the ends of the latter and placing a freely movable 
metal disc within the influence of the field produced by both. The iron core is employed 
for obvious reasons, but it is not essential to the operation. To improve the motor, the 
iron core is made to encircle the armature. Again to improve, the secondary coil is made 
to overlap partly the primary, so that it cannot free itself from a strong inductive action 
of the latter, repel its lines as it may. Once more to improve, the proper difference of 
phase is obtained between the primary and secondary currents by a condenser, self. 
ir.duction, resistance or equivalent windings. 

I had discovered, however, that rotation is produced by means of a single coil and 
core; my explanation of the phenomenon, and leading thought in trying the experiment, 
being that there must be a true time lag in the magnetization of the core. I remember 
the .pleasure I had when, in the writings of Professor Ayrton, which came later to my 
h:tnd, I found the idea of the time lag advocated. \'V'hether there is a true time lag, or 
whether the retardation is due to eddy currents cirat!ating in minute p:tths, must remain 
an open question, but the fact is that a coil wound upon an iron core and traversed by 
an alternating a1rrent creates a moving field of force, capable of setting an armatur: 
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in rotation. It is of some interest, in conjunction with the historical Arago experiment, 
to mention that in lag or phase motors I have produced rotation in the opposite direction 
to the moving field, which means that in that experiment the· magnet may not rotate, 
or may even rotate in the opposite direction to the moving disc. Here, then, is a motor 
(diagrammatically illustrated in Fig. 17), comprising a coil and iron core, and a freely 
movable copper disc in proximity to the latter. · · 

To demonstrate a novel and interesting feature, I have, for a re~on which I will 
expbin, selected this type of motor. When the ends of the coil are connected to the: 
terminals ·of an alternator the disc is set in rotation. But it is not this experiment, now 
well known, which I desire to perform. \'V'hat I wish to show you is that this motor rotates 
with one single connection· bot1veen it and the generator; that is to say, one terminal of 
the motor is connected to one·terminal of the generator - in this case the secondary of a 
high-tension induction coil - the other terminals of motor and generator being insulated 
in space. To produce .rotation it is generally ·(but not absolutely) necessary to connect 
the free end of the motor coil to an insubted body of some size. The experimer:ter's 
body is more than sufficient. If he touches the free terminal with an object held in the 

/ 

Fi;;. 17. 

hand, a current passes through the coil and the copper disc is set in rotation. If an 
exhausted tube is put in · series with the coil, the tube lights brilliantly, showing the 
passage of a strong current. Instead of the experimenter's body, a small metal sheet 
suspc'nded on a cord may be used with the same result. In this case the plate acts as 
a condenser in series with the coil. It counteracts the self-induction of tbe latter and 
allows a strong current to pass. In such a combination, the greater the self-induction of 
:the coil the smaller need be the plate, and this means that a lower frequency, or 
eventually a lower potential, is required to operate the motor. A single coil wound upon 
a core has a high self-induction; for this reason principally, this type of motor was 
chosen to perform the experiment. Were.a secondary dosed coil wound upon the core, 
it would tend to diminish the self-induction, and then it would be necessary to employ 
a much higher frequency and potential. Neither woUld be advisable, for a higher 
potential would endanger the insulation of the small primary coil, and a higher frequency 
would result in a materially diminished torque. 
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It should be remarked that when such a motor with a closed secondary is !lscd, i;· 
is not at all easy to obtain rotation with excessive frequencies, as the secondary cuts off 
almost completely the lines of the primary - and this, of course, the more, the highc; 
the frequency - and allows the passage of but a minute current. In such .a case, unless 
the secondary is closed through a condenser, it is almcst essential, in order to produce 
rotation, to make the primary a:nd secondary coils overlap each other more or less. 

But there is an additional feature of interest about this motor, namely, it is not 
necessary to have even a single connection between the motor and generator, except, 
perhaps, through the ground; for not only is an insulated plate capable of giving off 
energy into space, but it is likewise capable of deriving it from an alternating electrostatic 
field, though in the latter case the available energy is much smaller. In this instance one 
of the motor tcrmin:ds is connected to the insulated plate or body located within the 
alternating electrostatic field, and the other terminal preferably to the ground. 

It is quite possible, however, that such "no-wire". motors, as they might be called, 
could be operated by conduction through the rarefied ·air at considerable distances. 
Alternate currents, especially of high frequencies, pass with astonishing freeqom through 
even slightly rarefied gases. The upper strata of the air are rarefied. To reach a numbe: 
of miles out into space requires the overcoming of difficulties of a merely mechanical 
nature. There is no doubt that with the enormous potentials obtainable by the usc of 
high frequencies and oil insulation luminous disd1arges might be passed through many 
miles of rarefied ai r, and that, by thus directing the energy of many hundreds or 
thousands of horse-power, motors or lamps might be operated at considerable distances 
from stationary sources. But such schemes are mentioned merely as possibilities. \VIc 
shall have no need to trausmit power· at all. Ere many generations pass, our machinery 
will be driven by a power obtainable at any point of the universe. This idea is not noveL 
Men have been led to it long ago by instinct or reason. It has been expressed in many 
ways, and in many places, in the history of old and new. We find it in the delightful 
myth of Antheus, who derives power from the earth; we find ·it among the subtile 
speculations of one of your splendid mathematicians, and in many hints and statements 
of thinkers of the present time. Throughout space there is energy. Is this energy 
static or kinetic? If static our hopes are in vain; if kinetic- and this we know it is, for 
certain - then it is a mere question of time when men \viii succeed in attad1ing their 
mad1inery to the very wheelwork of nature. Of all, living or dead, Crookes came nearest 
to doing · it. His radiometer will hlrh in the light of day and in the darkness of the 
night; it will turn everywhere where there is heat, and heat is everywhere. J3ut, 
unfortunately, this beautiful littc machine, while it goes down to posterity as the most 
interesting, must likewise be put on record as the most inefficient machine ever invented! 

The preceding experiment is only one of many equally interesting experiments which 
may be ·performed by the usc of only one wire with alternate currents of high potential 
and frequency. We may !=Onnect an insulated line to a source of such currents, we may 
pass an inappreciable current over the line, and on any point of the same we are able 
to obtain a heavy current, capable of fusing a thick copper wire. Or we may, by the help 
of some artifice, decompose a solution in any electrolytic cell by connecting only one pole 
of the cell to the line or source of energy. Or we may, by attaching to the line, or only 
bringing into its vicinit}i, light up an incandescent lamp, an exhausted tube, or " 
phosphorescent bulb. 

However impracticable this plan of working may appear in many cases, it certainly 
seems practicable, and even recommendable, in the production of light . . A perfected 
lamp would require but little energy, and if wires were used at all we ought to be able 
to supply that energy without a return wire. 
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It is now a fact that a body may be rendered inc:mdescent or phosphorescent b} 
bringing it either in single contact or merely in the vicinity of a source of electric 
impulses of the proper character, and that in this manner a quantity of light sufficient 
to afford a practical illuminant may be produced. It is, therefore, to say the least, worth 
while to attempt to determine the best conditions and to invent the best appliances for 
attaining this object. · . 

Some experiences have already been gained in this direction, and I will dwell on 
them briefly, in the hope that they might prove useful. 

The heating of a conducting body inclosed in a bulb, and connected to a source of 
rapidly alternating electric impulses, is dependent on so many things of a different 
nature, that it would be difficult to give a generally applicable rule under which' tho:= 
maximum heating occurs. As regards the size of the vessel, I have lately found that at 
ordinary or only slightly differing atmosphe\ic pressures, when air is a good insulator, 
and hence practically the same amount of energy by a certain potential and f rcqucncy, 
is given off from the body, whether the bulb be small or large, the body is brought 
to a higher temperature if inclosed in a small bulb, because of the better confincmer.t 
of heat in this case. 

At lower pressures, when air becomes more or less conducting, or if the air be 
sufficiently warmed as to become conducting, tite lxxly is rendered more intensely 
incandescent in a large bulb, obviously because, under otherwise equnl conditions of 
test, more energy may be .given off from the body when the bulb is large. 

At very high degrees of exh:mstion, when the mntter in the bulb becomes "radiant", 
a brge bulb has still nn advantage, but a comparatively slight one, over the small bulb. 

rinally, at excessively high degrees of exhaustion, which cannot be reached except 
by the employment of special means, there seems to be, beyond a certain and rather sm:1ll 
size of vessel, no perceptible diHcrence in the henting. 

These observations were the result of a number of experiments, of which one, 
showing the effect of the size of the bulb at a high degree of exhaustion, may be 
described and shown here, as it presents a feature of interest. Tiuec sphericnl bulbs of 
2 inches, 3 inches and 4 inches diameter were taken, and in the centre of each was 
mounted an equal length of an ordinary incandescent bmp filament of uniform thickness. 
In each bulb · the piece of filament was fastened to the leading-in wire of platinum, 
contained in a glass stem scnled in the bulb; care being taken, of course, to m:~ke 
everything as nearly alike as pcssible. On each glass stem in the inside of the bulb was 
slipped a highly polished tube made of aluminium sheet, which fitted the stern nnd was 
held on it by spring pressure. The function of this :1lurninium tube will be explained 
subsequently. In each bulb an equal length of filament protruded above the metal tube. 
It is sufficient to say now th:1t under these conditions· equnl lengths of filament of the 
same thickness- in other words, bodies of equal bulk - were brought to inc:~ndcscence. 
The three bulbs were scaled to a glass tube, which wns connected to n Sprengel pump. 
\'V'hcn a high vacuum had been reached, the glass tube carrying the bulbs was sealed 
off. A current wns then turned on successively on eadt bulb, and it wns found thnt 
the filaments came to about the ~arne brightness, :tnd, if anything, the smallest bulb, 
which wns placed midway between the two larger ones, may have been slightly bright~r. 
Titis result was expected, for when either of the bulbs was connected to the coil th!: 
luminosity spread through the other two, hence the three bulbs constituted really one 
vessel. \'V'hcn all the three bulbs were conm~cted in multiple arc to the coil, in the largest 
of them the filament glowed brightest, in the next smaller it wns a little less bright, and 
in the smallest it only came to redness. The bulbs were then scaled off nnd separately 
tried. Tite brightness of the filaments was now such :1s would have been expected on 
the supposition thnt the cner!Ji given off was proportionate to the surface of the 
bulb, this surface in eadt case representing one of the coatings of a condenser. 
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Accordingly, there was less difference between the largest and tt1e middle sized than 
between the latter and the smallest bulb. 

An interesting observation was mnde in this experiment. The three bulbs were 
suspended · from a straight bare wire connected to a terminal of the coil, the largest 
bulb being placed at the end of the wire, at some distance from it the smallest bulb, 
and an egt;al distance from the latter the middle-sized one. The carbons glowed then in 
both the larger bulbs about as expected, but the smallest did not get its share by f:~r. 
This observation Jed me to exchange the position of the bulbs, and I then observed that 
whichever of the bulbs was in the middle it was by far Jess bright than it was in any 
other position. This mystifyng result \vas, of course, found to be due to the electrostatic 
action between the bulbs. \'V'hen they were placed at a considerable distance, or when 
they were attached to the corners of an equilateral triangle of copper wire, th~y glowed 
about in the order determined by their surfaces. 

As to the shape of the vessel, it is also of some importance, especially at high 
degrees of exhaustion. Of all the possible constructions, it seems that a spherical globe 
with the refractory body mounted in its centre is the best to employ. In experience 1t 
has been demonstrated that in such a globe a refractory body of a given bulk is more 
easily brought to incandescence than when otherwise shaped bulbs arc used. There is 
also an advantage in giving to the incandescent body the shape of a sphere, for self
evident reasons. In any case the body should be mounted in the centre, where tl1e atoms 
rebounding from the glass collide. This object is best :lttaincd in ·the spherical bulb; but 
it is also attained in a cylindrical vessel with one or two straight filaments coinciding 
with its axis, and possibly also in parabolical or spherical bulbs with the refractory body 
or bodies placed in the focus or foci of the same; though the latter is not probable, as . 
the clcctrifie:l atoms should in all cases rebound normally from the surface they strike, 
unless the speed were excessive, in which .case they would probably follow the general 
law of reflection. No matter what shape the vessel may have, if the exhaustion be low, 
a filament mounted in the globe is brought to the same degree of incandescence in all 
parts; but if the exhaustion be high and the bulb be spherical or pear-shaped, as usu,tl, 
focal points form and the filament is heated to a higher degree at or near such points. 

To illustrate the effect, I have here two small bul~s which are. alike, only one is 
exhausted to a low and the other to a Ycry high degree. \'o/hen copnected to the coil, the 
filament in the former glows uniformly throughout all its length; whereas in the latter, 
that portion of the filament which is in the centre of the bulb glows far more intensely 
than the rest. A curious point is that the phenomenon occurs even if two filament5 are 
mounted in a bulb, each being connected to one terminal of the coil, and, what is still 
more curious, if they be very near together, provided the vacuum be very high. I noted 
in experiments with such bulbs that the fibments would give way usually at a certain 
point, and in the first trials I attributed it to a defect in the carbon. But when th~ 
phenomenon occurred many times in succession I recognized its real cause. 

I 
In order to bring a refractory body inclosed in a bulb to incandescence, it is 

desirable, on account of economy, that all the energy supplied to the bulb from the 
source should reach without loss the body to be heated; from there, and from nowhere 
else, it should be radiated. It is, of course, out of the question to reach this theoretical 
result, but it is possible by a proper construction of the illuminating device tv 
approximate it more or less. 

For many reasons, the rcfr~ctory body is placed in the centre of . the bulb and il 
is usually supported on a glass stem containing the leading-in wire. As the potential oi 
this wire is alternated, the rarefied gas surrounding the stem is acted upon inductively, 
and the glass stem is violently bombarded and heated. In this manner by far the greater 
portion of the energy supplied to the bulb - especially when exceedingly high 
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frequencies are used - may be lost for the purpose contemplated. To obviate this loss, 
or at least to reduce it to a minimum, I usually screen the rarefied gas surrounding -the 
stem from the inductive action of the leading-in wire by providing the stem with. a tube 
or coating of conducting material. It seems beyond doubt that the best. among metals 
to employ for this purpose is aluminium, on account of its many rem:ubblc properties. 
Its only faul t is that it is ensily fusible, and, therefore, its distance from the incandescing 
body should be properly estimated. Usually, a thin tube, of a diameter somcwl;lat smaller 
than that of the glass stem, is made of the finest aluminium sheet, and slipped on the 
stem. The tube is conveniently prepared by wrapping around a rod fastened in a lathe 
a piece of aluminium sheet of the proper sile, grasping the sheet firmly with dean 
chamois leather or blotting paper, and spinning the rod very fast. The sheet is wound 
tightly around the rod, and ·a highly polished tube of one or three layers .of the. sheet 
is obtained. \'?'hen slipped on the stem, the pressure is generally suffici'ent to prevent 
it from slipping off, but, for sa.fety, the lower edge of the sheet may be turned inside. 
The upper inside cornet of the sheet- that is, the one which is nearest to the refractory 
incandescent body - should be cut out diagonally, as it often happens that, in 
consequence of the intense heat, this corner turns toward the inside and comes very 
nc:~r to, or in contact with, the wire, or filament, supporting the refractory body. The 
greater part of the energy supplied to the bulb is then used up in heating the metal tube, 
and the bulb is rendered useless for the purpose. 111e aluminium sheet should project 
above the glass stem more or less - one inch or so - or else, if the glass be too close to 
the incandescing body, it 1i1ay be strongly heated and become more or less conducting, 
whereupon it may be ruptured, or may, by its. conductivity, establish a good electrkal 
connection between the metal tube and the leading-in wire, in which case, again, most of 
the energy will be lost in heating the former. Perhaps the 'best way is to make the top 9f 
the glass tube for about an inch, of a mud1 smaller diameter. To still further reduce the 
danger arising from the heating of the glass stem, and also with the view of preventing 
an electrical connection between the metal tube and the electrode, I preferably wrap 
the stem with several layers of thin mica, which extends at least as f:lf as the metal tube. 
In some bdbs I have also used an outside insulating cover. 

The preceding remarks arc only made to aid the experimenter in the first trials, 
for the difficulties which he encounters h<; may soon find means to overcome in his 
own way. 

To illustrate the effect of the screen, and the advant:~ge of using it, I have here two 
bulbs of the same size, witll their stems, -leading-in wires and incandescent lamp 
filaments tied to the latter, as nearly alike as possible. The stem of one bulb is proviJed 
with an aluminium tube, the stem of the other h:~s none. Originally the two bulbs were 
joined by a tube which was connected to a Sprengel pump. When a high vacuum had 
been re:~chcd, first the connecting tube, and then the bulbs, were sealed off; they :~rc 
therefore of the same degree of ·exhaustion. \'V'hen they arc separately connected to tho;: 
coil giving a certain potenti_nl, the carbon filament in the bulb provided with the 
aluminium screen in rendered highly incandescent, while the filament iri the other bulb 
may, with the same potential, not even come to redne_ss, although in reality the latter 
bulb takes generally more energy than the former. When they are both connected together 
to the terminal, the difference is even more apparent, showing the importance of th;: 
screening. The metal tube placed on the .stem containing tile leading-in wire performs 
rc:~lly two distinct functions: First; it acts more or less as an electrostatic screen, thus 
economizing the energy supplied to the bulb; and, second, to whatever extent it may 
fail to act electrostatically, it acts mechanically, pr.eventing the · bombardment, nnd 
consequently intense heating and possible deterioration of the slender support of th:: 
refractory incandescent body, or of the glass stem containing the leading-in wire. 1 say 
rlendcr support, for it is evident that in order to confine the heat more completely to 
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the incandescing body its support should be very thin, so as to carry away the smallest 
possible amount of heat by conduction . . Of all the supports used I h:we found an 
ordinary incandescent lamp filament to be the best, principally because among conductors 
it can withstan9 the highest degrees of heat. · . 

The effecti~eness of the metal tube ~ an electrostatic screen depe,nds largely on 
~e degree of exhaustion. . 

· At excessively high degrees of exhaustion - which are reached by using gre.1t 
care and special means in connection with the Sprengel pump :- when the matter in 
the globe is in the ultra-radiant state, it acts most perfectly. The shadow of the upper 
edge of the tube is then sharply defined upon the bulb. 

At a somewhat lower degree · of cxluustion, whid1 is about the ordinary "non
striking" vacuum, ~nd generally as long as the matter moves predominantly in straight 
lines, the screen stiil docs well. In elucidation of the preceding remark it is necessary 
to state that what is a "non-striking" vacuum .for a coil operated, as ordinarily, by 
impulses, or currents, of low frequency, is not, by far, so when the· coil is operated hy 
currents of very high frequency. In such case ~he discharge may pass with great fre~dom 
through the rarefied gas th.rough which a low-frequency discharge may not pass, even 
though the potential be much·-higher. At ordinary atmospheric pressures just the revers~ 
rule holds good: the higher th~ frequency, the less the spark discharge is able to jump 
between the terminals, especially iCthey arc knobs or spheres of some size. 

Finally, at very lo\Y degr¢es of exhailstio,n, when the. gas is well conducting, the 
metal tube not only does not .. act .as an electrostatic screen, but even is a drawback, 
aiding to a considerable extent the dissipation of the ·energy laterally from the leading-in 
wire. TI1is, of course, is .to be .expected. In this case, namely, the metal tube is in good 
electrical connection with the leading-in wire, and most of the bombardment is directed 
upon the tube. As long as the .electrical connection is not J(OOd, the conducting tu.be 
is always of some advantage,. for although it may not greatly economize ene'rgy, still 
it protects the support of the refractory button, and is a means for concentrating more 
energy upon the same. 

To whatever extent the aluminium tube performs the function of a screen, its 
usefulness is therefore limited to very high degrees of exhaustion when it is insulated 
from the electrode - that is, when the gas as a whole is non-conducting, and the 
molecules, or atoms, act as independent carriers of electric charges. 

In addition to actin,q as a more or less effective screen, in the true meaning of the 
word, the conducting tube or coating may also act, by reason of its conductivity, as ~ 
sort of equalizer or damoener of the bombnrdment against the stem. To be explicit, 
I assume the action as follows: Suppose a rhythmical bombardment to occur against the 
conducting tul>e by r~ason of its imperfect .action as a screen; it certainly must happen 
that some molecules, or atoms, strike the tube sooner _than others. Those which come 
first in contact with it give un their superfluous dmrge, and the tube is electrified, the 
clectrifimtion instantly snreading over its surface. But this must diminish the ener.!!v 
lost in the bombardment (or two· reasons: first, the char.ce r,ivcn up by the atoms spreads 
over a great area, and hence ~he electric density at any point is small, and the atom< 
arc repelled with less energy than they would be if they would strike against a goo.i 
insulator; secondly, as the tube is electrified by the atoms which first come in contact 
with it, the progress of the following atoms against the tube is more or less checked 
by the repulsion whid1 the electrified tube must exert upon the similarly electrified 
atoms. TI1is repulsion may perhaps be sufficient to prevent a large portion of the 
atoms from Y.riking the tube, but at any rate it must diminish the energy of their impact. 
It is clear that when the exhaustion is very low, and the rarefied gas well conducting, 
neither of the above effects can occur, and, on the other hand, the fewer the atoms, with 
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the greater freedom they move; in other words, the higher the degree of exhaustion, 
up to a limit, the more telling will be. both the effects. 

What I have just said may afford an explanation of the phenomenon observed by 
Prof. Crookes, namely, that a discharge through a bulb' is established with much greater 
facility when an insulator than when a conductor is present in the same. In my opinion, 
the conductor acts as a dampener of the motion of the atoms in the two ways pointed 
out; hence, to cause a visible disdurge to pass through the bulb, a much higher potential 
is needed if a conductor, especially of mucli. surface, be present. 

Fis. IS. Fis. 19. 

For the sake of clearness of some of the remarks before made, I must now refer 
to Figs. 18, 19 and 20, which illustrate variouS arrangements with a type of bulb most 
generally used. 

Fig. 18 is a section through a spherical bulb L, with the glass stem s, containing 
the leading-in wire w, which has a lamp filament I .fastened to it, ;serving to support 
the refractory button m in the centre. M is a sheet of thin mica wound in several layer; 
around the stem s, and tt is the aluminium tube. 

Fig. 19 illustrates such a bulb in a somewhat more advanced stage of :perfection. 
A metallic tube S 'is fastened by means of some cement to the neck of the tube. In 
the tube is screwed a plug P, of insulating material, in the centre of which is fastened 
a metallic terminal t, for the connection to the !Cading-in wire w. This terminal must 
be well insulated from the metal tube S, therefore, if the cement used is conducting - · 
and most generally it is sufficiently so - the space between th·e plug P and the nee~ 
of the bulb should be filled with some good insulating material, as mica powder. 

Fig. 20 shows a bulb made for experimental purposes. In this bulb the aluminium· 
tube is provided with an external connection, which serves to investigate the effect of 
the tube under various conditions. It is referred to chiefly to suggest a line of experiment 
followed. 

Since the bombardment against the stem containing the leading-in wire is due to 
the inductive action of the latter upon the rarefied gas, it is of advantage to reduce 
this action as · far as practicable by. employing a very thin wire, surrounded .. by a very 
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thick insulation of glass or other material, and· by making the wire passing through 
the rarefied gas as short as practicable. To combine these features I employ a large tube 
T (fig. 21 ), which protrudes into the bulb to some distance, and carries on the top 
a very short glass stem s, into which is scaled the leading-in wire tu, and I protect the 
top of the glass stem against the heat by a small, 

' aluminium tube a and a layer of mica underneath the 
same, as usual. The wire· tu, passing through the large 
tube to the outside of the bulb, should be '\\'ell insulate.:! 
- with a glass tube, for instance - and the space 
between ought to be filled out with some excellent 
insulator. Among many insulating. powders I have tried, 
I have found that mica powder is the best to employ. 
If this precaution is not taken, the tube T, protruding 
into the bulb, will surely be cracked in consequence oi 
the heating by the brushes which arc apt to .form in the 
upper part of the tube, near the exhausted globe, especially 
if the vacuum be excellent, and therefore the potential 
necessary to oper:~te the l::.mp very high. · 

fig. 22 illustrates a similar arrangement, with a 
large tube T protruding into the part of the bulb con
t:lining the refractory button m. In this case the wire 
leading from the outside into the bulb is omitted, the 
energy required being ' supplied through condenser 
coatings C C. The insulating packing P should in this . 
construction be tightly fitting to the glass, and rather l'ig. 20. 
wide, or otherwise the discharge might avoid passing 
through the wire tu, which connects the inside condenser coating to the incandescent 
button m. 

The molecular bombardment against the glass stem in the bulb is a source of great 
trouble. As illustration I wilf cite a phenomenon only too frequently and unwillingly 
observed. A bulb, preferably a large one, may be taken, and a good conducting body, 
such as a piece of ca~bon, may be mounted in it upon a platinum wire sealed in the 
glass stem. The bulb may be exhausted to a fairly high degree, nearly to the point when 
phosphorescence begins to appcu. When the bulb is connected with the coil, the piece 
of carbon, if small, may become highly incandescent at first, but its brightness 
immediately diminishes, and then the discharge may break through the glass somewhere 
in the middle of the stem, in the form of bright sparks, in spite of the fact that the 
platinum wire is in good eleCtrical connection with the rarefied gas through tb.e piece 
of carbon or metal at the top. The first sparks are singularly bright, recalling those 
drawn from a clear surface of mercury. But, as they heat the glass rapidly, they, of course, 
lose their brightness, :1nd cease when the glass at the ruptured place becomes incandescen~. 
or generally sufficiently hot to conduct. \XIhen observed fa.;: the first time the phenomenon 
must appear very curious, and shows in a striking manner how radically different 
alternate currents, or impulses, of high frequency behave, as compared with ste.ldy 
currents, or currents of low frequency. \'<fith such currents - namely, the latter - the 
·phenomenon would of course not occur. When frequencies such as are obtained by 
mechan.ical means are used, I think that the rupture of the glass is more or less the 
consequence of the bombardment, which warms it up and impairs its insulating power; 
but with frequencies obtainable with condensers· I have no doubt that the glass may 
give way without previous heating. Although this appears most singular at first, it is in 
reality what we might cxP'ect to occur. The ·energy supplied to the wire! leading into 
the bulb is given off partly by direct action through the carbon button, and partly by 
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inductive action through the glass· surrounding the wire. The case is thus analogous 
to that in which a condenser shunted by a conductor· of low resista'nce is connected to 
a source of alternating currents. As long as the frequencies arc low, the conductor gets 
the most, and the condenser is perfectly safe; but when the frequency· becomes excessive, 
the role of the conductor may become quite insignif~cant. In the latter case the difference 
of jX>tential at the terminals of the co~denser may become so great as to rupture the 
dielectric, notwithstanding the fact that· the terminals are joined by a conductor of low 
re;istance. 

. . 

Fig. 21. Fig. 22. 

It is, of course, not necessary, when' it is desired to produce the incandescence of 
a body inclosed in a bulb by means of these currents, that the body should ·be a conductor, 
for 'even a perfect non-conductor may be quite as readily heated. For this purpose it is 
sufficient to surround a conducting electrode with a non-conducting material, as, for 
instance; in the bulb described before in Fig. 21, in :whidl a thin incandescent lamp 
filament is coated with a non-conductor, and-supports a button ·of the same material on 
the top. At tlie start the bombardment goes on by inductive action tluough the non
conductor, until the same is ~ufficiently heated to become ' conducting, when· the 
bombardment ·continues in th~rdin:~.ry way. 

A different arrangement used in some of the. bulbs constructed is illustrated in 
Fig. 23. Iri this instance a no·n-conductor m is mounted ir. a piece of common arc light 
carbon so as to project some small distance above the latter. The carbon piece is 
connected to the leading·in wire passing through a glass stem, whidl is wrapped with 
several layers of mica. An aluminium tube a· is employed as usual for screening. It is so 
arranged that 'it reaches ver}r nearly as high as 'the carbon and only tile non-conductor 
m projects a little above it. Tile bombardment goes at first against the upper surface 
of carbon, the lower parts being protected by· the aluminium tube. As soon, however, 
as the non-conductor n1 is heated it is rendered good conducting, and then it becomes 
the centre of the bombardment, being most exposed to the same. 



I have also constructed during. these experiments many such single-wire bulbs wit:1 
or without internal electrode, in which the radiant matter was projected against, or 
focused upon, the body to be rendered incandescent. Fig. 24 illustrates one of the bull:>;; 
used. It consists of a spherical globe L, provided with a long neck 11, on the top, for 
increasing the-action in some cases by the application of an external conducting coating. 
The globe L is blown out on the bottom into a very small bulb b, which serves to hold 
it firmly in a socket S of insulating material into which it is cemented. A fine lamj> 
filament f, supported on a wire w, passes through the centre of the globe L. The 
filament is rendered incandescet!t m the middle 
portion, where the bombardment proceeding 
from the lower inside surface of the globe is 
most intense. The lower portion of t.'1c globe, 
as far as the socket S reaches, is rendered 
conducting; either by a tinfoil coating or 
otherwise, and the external electrode is 
connected to a terminal of the coil. 

The arrangement diagrammatically indicat · 
cd in Fig. 24 was found to be an inferior one 
when it was desired to render i11candescent ~ 
filament or button supported in the centre of ... 
the . ,globe, but it was convenient when tJ1e 
object was to excite phosphorescence. 

In many experiments in which bodies of 
:1 different kind were mo"untcd in the bulb as, 
for inst:~nce, indic:~tcJ in Fig. 23, som::: 
observ:ttions of interest were made. 

It was found, among other things, that 
in sud1 cases, no matter where the bombardment 
began, just as . soon as a high temperature was 
reached there was generally one of the bodies 
which seemed to take most of the bombardment . Fig. 23. 
upon itself, the other, or others, being thereby 
relieved. This quality appeared to depend principally on the point of fusion, and on 
the facility with whid1 the body was "ev:~porated", or, generally speaking, disintegrated 
- meaning by the latter term not only the throwing off of atoms, but likewise of larger 
lwnps. The observation made was in accordance with generally accepted notions. In 
:1 highly exhausted bulb electricity is carried off from the Clcctrode py independent 
carriers, which arc partly the atoms, or molecules, of the residual atmosphere, ao<i partly 
the atoms, molecules, or lumps thrown off from the· electrode. If the electrode· is 
composed of bodies of different character, arid if one of these is rrio~e ·easily disintegrated 
than the others, most of .the electricity supplied is carried off from that body, which 
is then brought to a higher temperature than the 'others, and this the more, as upon an 
increase of the temperature the body is still more·easily disintegrated. 

It seems to me quite probable that a similar process takes place in the bulb even 
with a homogenous electrode, and I think it to be the principal cause of the disintegration. 
There is bound to be some irregularity, even if the surface is highly polished, which, 
of course, is impossible with most of the refractory bodies employed as electrodes. 
Assume that a point of the electrode gets hotter, instantly most of the discharge passes 
through that point, and a. minute patch is probably fused and evaporated. It is now 
possible that in consequence of the violent disintegration the spot attacked sinks in 
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temperature, or that a counter force is created, as in an arc; at any rate, the local tearing 
off meets with the limitations incident to the experiment, whereupon the same process 
occurs on another place. To the eye the electrode appears uniformly brilliant, but there 
are upon it points constantly shifting and wandering around, of a temperature far abov,: 
the mean, and this materially hastens the process of deterioration. That some such thing 
occms, at least when the electrode is at a lower temperature, sufficient experiment~! 
evidence can be obtain·ed in the following manner: Exhaust a bulb to a very high degree, 
so that with a fnirly high potential the discharge cannot pass - thnt is, not a lumiuou.r 
one, for a weak invisible dischnrge occurs always, in all probnbility. Now. raise slowly 
and carefully the potentinl, leaving the primary current on no more than for an instant. 
At a certain point, tlvo, three, or half a dozen phosphorescent spots will nppear on the 
globe. These places of the glass are evidently more violently bombarded th<l!l others, 
this being due to the unevenly distributed electric density, necessitated, of course, by 
sharp projections, or, generally speaking, irregularities of the electrode. But the luminous 
patd1es arc constantly· changing in position, which is especially well observable if one 
manages to produce very few, and this indicates that the configuration of the clectrod~ 
is rapidly changing. · 

From experiences of this kind I am led to infer that, in order to be most durable, 
the refractory button in the bulb should be in the form of a sphere with n highly polished 
surface. Such a small sphere could be manufactured from a diamond or some other 
crystal, but a better w:ty would be to fuse, by the employment of extreme degrees of 
tempernture, some oxide - as, for instance, zirconia - into a small drop, and then 
keep it in the bulb at a temperature somewhat below its point of fusion. 

Interesting and useful results can no doubt be reached in the direction of extreme 
degrees of heat. How can such high temperatures be arrived at? How are the highr:;t 
degrees of heat read1ed in nature? By the impact of stars, by high speeds and collisions. 
In a coll ision any rate of heat generation may be attained. In a chemical process we 
are limited. When oxygen and hydrogen combine, they fall, metaphorically speaking, 
from a definite height. We cannot go very far with a blast, nor by confining heat in 
a furnace, but in ar. exhausted bulb we can concentrate any amount of energy upo:1 
a minute button. Leaving practicability out of consideration, this, then, would be the 
means which, in my opinion, would enable us to reach the highest temperature. But 
a great difficul ty when proceeding in this way is encountered, namely, in most cases 
the body is carried off before it can fuse and form a drop. This difficulty exists 
principally with an oxide such as zirconia, because it cannot be compressed in so hard 
a cake that it would not be carried off quickly. I endeavored repeatedly to fuse zirconia, 
placing it in a cup or arc light carbon as indicated in Fig. 23. It glowed with a most 
intense light, and the stream of the particles projected out of the carbon cup was of a 
vivid white; but whether it was compressed in a cake or made into :1 paste with carbon, 
it was carried off before it could be fused. l11e carbon cup containinj: the zirconia had 
to be mounted very low in the neck of a large bulb, ·as the heating of the glass by the 
projected particles of the oxide was· so rapid that in the first trial the bulb was cracked 
almost in an instant when the current was turned· on. The heating ·of tht; gbss by the 
projected particles was found to be always greater when the carbon cup contained a body 
which was rapidly carried off - I presume because in such cases, with the same potential, 
higher speeds were read1ed, and also because, per unit of time, more matter was projected 
- that is, more particles would strike the ·glass. 

l11e before mentioned difficulty did not exist, however, when the body mounted 
in the carbon cup offered great rcs.istance to deterioration. For instance, when an oxide 
was first fused in an Ol•:ygen blast and then mo·unted in the bulb, it melted very readily 
into :1 drop. 

Generally during the process· of fusion nugnificent light effects were noted, of 
which it would be difficult to give an adequate idea. Fig. 23 is intended to illustrat.: 
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the effect observed with a ruby drop. At first one may see a narrow funnel of white 
light projected against the top of the globe, where it produces an irregularly outlined 
phosphorescent patch. When the point of the ruby fuses the phosphorescence becomes 
very powerful; but·as the atoms are projected with much greater speed from the surface 
of the drop, s()()n the glass gets hot and "tired", and now only the :outer edge of the 
patch .glows. In this manner an intensely phosphorescent, sharply defined line, !, 
corresponding to the outline of the drop, is produced, which spreads slowly'· over the 
globe as the drop gets larger. \'V'hen the mass begins to boil, small bubbles and cavities 
are formed, which cause dark colored spots to sweep across the globe. The bulb may 
be turned downward without fear of the drop falling off, :i.s the mass possesses 
considerable viscosity. 

I may mention here another feature of some interest, which I believe to have noted 
in the course of these experiments; though the observations do not amount to a certitude. 
It appeared that under the molecular impact caused by the rapidly alternating potential 
the body was fused and maintained in that state at a lower temperature in a highly 
exhausted bulb than was the case at normal pressure and application of heat in the 
ordinary way - that i~, at least, judging from the quantity of the; light emitted. One 
of the experiments performed may be mentioned here by way of illustration. A small 
piece of pumice stone was stuck on a platinum wire, and first melted to it in a gas 
burner. The wire was next placed between two pieces of charcoal and a burner applied 
so as to produce an intense heat, sufficient to melt down the pumice stone into a small 
glass. like button. The platinum wire had to be taken of sufficient thickness to 
prevent its melting in . the fire. While in the charcoal fire, or when held in a burner 
to get a better idea of the degree of heat, the button glowed with great brilliancy. The 
wire with the button was then mounted in a bulb, and upon exhausting the same to a 
high degree, the current was turned on slowly so as to prevent the cracking of the 
button. The button was heated to the point of f1,1sion, and when it melted it did not, 
apparently, glow with the same brilliancy as before, and this would indicate a lower 
temperature. leaving out of consideration the observer's possible, and even probable, 
error, the question is, can a body under these conditions be brought from a solid to a 
.liquid state with evolution of less light? 

When the potential of a body is rapidly alternated it is certain that. the structure 
is jarred. When the potential is. very high, although the vibrations may be 'few - say 
20,000 per second - the effect upon the structure may be considerable. Suppose, for 
example, that a ruby is melted into a drop by a steady application of energy. When it 
forms a drop it will emit visible and invisible waves, which will be in a definite ratio, 
and to the eye the drop will appear to be of a certain brilliancy. Next, s·uppose we 
diminish to any degree we choose the energy steadily supplied, and, instead, supply 
energy which rises and falls according to a certain law. ;Now, when the drop is formed, 
there will be emitted from it three different kinds of vibrations - the ordinary visible, 
and two kinds of invisible waves: that is, the ordinary dark waves of all lengths, ~nd, 
in addition, waves of a well defined character. The latter would not exist by a steady 
supply of the energy; still they help to jar and loosen the structure. If this really be the 

. case, then the ruby drop will emit relatively less visible and more invisible waves than 
before. Thus it would seem that when a platinum wire, for instance, is fused by currents 
alternating with extreme rapidity, it emits at the point of fusion less light and more 
invisible radiation than it does when melted by a steady current, though the total energy 
used up in the process of fusion is the same in both cases. Or, to cite another example, 
a lamp filament is not capable of withstanding as long with currents of extreme frequency 
as it docs with steady currents, assuming that it be worked at the same luminous 
btcnsity. This means that for rapidly alternating currents the filament s)tould be shorter 
and thicker. The higher the .frequency - that is, the greater the departure from the 
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steady flow - the worse it would be for the filament. But if the truth vf thi< remark 
were demonstrated, it would be erroneous to conclude that such a refractory button 
as used in these bulbs would be deteriorated quicker by currents of extremely high 
frequency than by steady or low frequency currents .. From experience I may say that 
just the opposite holds good: the button withstands the bombardment better with 
currents of very high frequency. But this is due to the fact that a high frequency 
discharge passes through a rarefied gas with much greater freedom than a steady· or 
low frequency discharge, and this will say that with the former we can work wi'th 
a lower potential or with a less violent impact. As long, then, as the gas is of no 
consequence, a steady or low frequency current is better; but as soon as the action of 
the gas is desired and important, high frequencies are preferable. 

In the course of these experiments a great many trials were made with all kinds 
of carbon buttons. Electrodes made of ordinary carbon buttons were decidedly more 
durable when the buttons were. obtained by the application of enormous pressure. 
Electrodes prepared by depositing carbon in well known ways did not show up well; 
they blackened the globe very quickly.. From many experiencies I conclude that lamp 
filaments obtained ih this manner can be advantageously used only with low potentials 
and low frequency currents. Some kinds of ca·rbon withstand so well that, in order to 
bring them -to the point of fusion, it is necessary to employ very small buttons. In this 
case the observation is rendered very difficult on account of the intense heat produced. 
Nevertheless there can be no doubt that all kinds of carbon are fused under the molecular 
bombardment, but the liquid state must be one of great instability. Of all the bodies 
tried · there were two which withstood best - diamond and carborundum. These two 
showed up about equally, but the latter was preferable, for many reasons. As it is more 
than likely that this body · is not yet generally known, I will venture to call your 
attention to it. · 

It has been recently produced by .Mr. E. G. Acheson, of .Monongahela City, Pa., 
U. S. A. It is intended to replace ordinary diamond powder for polishing precious stones, 
etc., and I have been informed that it accomplishes this object quite successfully. J do 
not know why the name "carborundum·· has been given to it, unless there is something 
in the process of its manuf:lcture which justifies this selection. Through the kindness 
of the inventor, I obtained a short while ago some srunples which I desired to test in 
regard to their qualities of phosphorescence and capability of withstanding high degrees 
~heat. · 

Carborundum can be obtained in two forms - in the .form of "crystals" and of 
powder. The former appear to the naked eye dark colored, but arc very brilliant; the 
latter is of nearly the same color as ordinary diamond powder, but very much finer. 
When viewed under a microscope the samples of crystals given to me did not appear 
to have any definite form, but rather resembled pieces of broken up egg coal of fine 
quality. The majority were opaque, but there were some whid1 were transparent and 
colored. The crystals are a kind of carbon containing some impurities; they are extremeli 
hard, and withstand for a long time even an oxygen blast. When the blast is directed 
against them they at first form a cake of some compactness, probably ·in consequence 
of the fusion of impurities they contain. The mass withstands for a very long time the 
blast without further fusion; but a slow carrying off, or burning; occurs, and, finally, 
a small quantity of ~ glass-like residue is left, which, I suppose, is melted alumina. 
\Vhen ·compressed strongly they conduct-very well, but not as well as ordinary car.bon . . 
The powder, which is obtained from the crystals in some way, is practically 
non-conducting. It affords a magnificent polishing material for stones. 

The time has been too short to make a satisfactory study of the properties of this 
product, but enough experience has been gained in a few weeks I have experimented 
upon it to say that it does possess some remarkable properties in many respects. It 
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withstands excessively high degrees of heat, . it is little deteriorated by molecular 
bombardment, and it does not blackeri the globe as ordinary carbon does. The only 
difficulty which I have found in its use in connection with these experiments was to find 
some binding material which would resist .the heat and the effect of the bombardment · 
· as successfully as carborundum itself does. 

I have here a number of bulbs which I have provided with buttons of carborundum. 
To make such a button of carborundum crystals I proceed in the f91lowing manner: 
I take an ordinary lamp filament and dip its point in tar, or some oths:r thick substance 
or paint which may be readily carbonized. I next pass the point of <the filament through 
the crystals, and· then hold it vertically over a hot plate. The tar softens and forms a drop 
on the· point of the filament, the crystals adhering to the surface of the drop. By
regulating the distance from the plate the tar is slov.:ly dried out and the buttotl becomes 
solid. I then once more dip the button in tar and ho!d it again over a plate until the tar 
is evaporated, leaving only a hard mass which fimily binds the cryst:lls. When 2 larger 
button is ·required I repeat the process several times, · and I generally also cover the 
filament a certain distance below the button with crystals. The button being mounted in 
a bulb, when a good vacuum has been reached, first a weak and then a strong discharge 
is passed through the. bulb .to carbonize the tar and expel all gases, and later it is brought 
to a very intense incandescence. . 

When the powder is used I have found it best to proceed as follows: I make a thick 
paint of carborundum and tar, and pass a lamp filament through the pain~. Taking 
then most of the paint off by rubbing the filament against a piece of chamois leather, 
I hold ·it over a hot plate until the tar evaporates and the coating becomes firm. I repe1t 
this process as many times as it is necessary to obtain a certain thickness of coating. 
On the point of the coated filament I form a button in the same manner. 

There is ·no doubt that such a button .....: properly prepared under great pressure 
- o{ carborundum; especially of powder of the best quality, will withstand the effecr 
of the bombardment fully as well as anything we know. The difficulty is that the binding 
material gives way, and the carborundum is slowly· thrown off after some time. As .it 
does not seem to blacken the globe in the least, it might. be found useful for coating 
the filaments of ordinary incandescent lamps, and I think that it is even possible to 
produce thin threads or sticks of carborundum which will replace the ordinary filaments 
in an incandescent lamp. A carborundum coating seems to be m.ore durable than other 
coatings, not only because the carborundum can withstand high degrees of heat, but 
also because it seems to unite with the carbon better than any other material I have 
tried. A coating of zirconia or any other oxide, for instance, is far more quickly destroyed. 
I prepared buttons of diamond dust'in the same manner as of carborundum, and these 
came in durability nearest to those prepared of carborundum, but the binding paste gave 
way much more quickly in the diamond buttons: this, however, I attributed to the size 
and irregularity of the grains of the diamond. 

It was of interest to find whether carborundum possesses the quality of phos- · 
phorescence. One is, of course, prepared to encounter two difficulties: first, as regards 
the rough product, the "crystals"', they arc good conducting, and it is a fact that conductors 
do not phosphoresce; second, the powder, being exceedingly fine, would not be apt to 
exhibit very prominently this qu:llity, since we know that when crystals, even such as 
diamond or ruby, · are finely powdered, they lose the property of phosphorescence to 
a considerable degree. 

The question presents itself here, can a conductor phosphoresce? What is there 
in sud1 a body as a metal, for instance, that would deprive it of the quality of 
phosphorescence, unless it is that property which characterizes it as a conductor? for 
it is a fact that most of . the phosphorescent bodies lose that quality when tl:ley are 
sufficiently heated to become more or less conducting. TI1en, if a metal be in a large 
measure, or perhaps entirely, deprived of that property, it should be capable of phospho-
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rescence. Therefore it is quite possible that at some extremely high frequency, when 
behaving practically as a non-conductor, a metal or any other· conductor might cxhibii 
the quality of phosphorescence, even though it be entirely incapable of phosphorescing 
under the impact of a low-frequency discharge. There is, however, another possible .way 
how a conductor might at least appear to phosphoresce. 

Considerable doubt still exists as to what really is phosphorescence, and as to 
whether the various phenomena comprised under this head are due to the same causes. 
Suppose that in an exhausted bulb, under the molecular impact, the surface of a piece 
of metal or other conductor is rendered strongly luminous, but at the same time it is 
found that it remains comparatively cool, would not this luminosity be called phospho· 
rescence? Now such a res·ult, theoretically at least, is possible, for it is a mere question 
of potential or speed. Assume the potential of the electrode, and consequently the speed 
of the projected atoms, to be sufficiently high, the surface of the metal piece against 
which the atoms arc projected would· be rendered highly incandescent, since the proces~ 
of heat generation would be incomparably faster than that of radiating or conducting 
away from the surface of the collision. In the eye of the observer a single impact of the 

· atoms would cause an instantaneous flash, but if the impacts were repeated with sufficient 
rapidity they would produce a continuous impression upon his retina. To him then the 
surface of the metal would appear continuously incandescent and of constant luminou5 
intensity, while in reality the light would be either intermittent or at least changing 
periodically in intensity. The metal piece would rise in temperature until equilibriura 
was attained - that is, until the energy continuously radiated would equal that 
intermittently supplied. But the supplied energy might under such conditions not be 
sufficient to bring the body to any more than a very moderate mean temperaturl', 
especially if the frequency of the atomic impacts be very low - just enough that the 
fluctuation of the intensity of the light emitted could not be detected by the eye. 
The body would now, owing to the manner in which .the energy is supplied, emit 
a strong light, and yet be at a comparatively very low mean temperature. How could 
the observer call the luminosity thus produced? Even if the analysis of the light would 
teach him something definite, still he would pro,~ably rank it under the phenomena 
ofi phosphorescence. It is conceivable that in such a way both conducting and non
conducting bodies may be maintained at a certain luminous intensity, but the energy 
required would very greatly vary with the nature and properties of the bodies. 

These and some foregoing remarks of a speculative nature were made merely to 
bring out curious features of alternate currents or electric impuls-es. By their help we · 
may cause a body to emit more light, while at a certain mean temperature, than it would 
emit if brought to that temperature by a steady supply; and, again, we may bring a body 
to the point of fusion, and cause it to emit less light than when fused by the application 
of energy in ordinary ways. It all depends on how we supply the energy, and what kind 
of vibrations we set up: in on·e case the vibrations are more, in the other less, adapted 
to affect our sense of vision. 

Some effects, which I had not observed before, obtained with carborundum in the 
first trials, I attributed to phosphorescence, but in subsequent experiments it appeared 
that it was devoid of that quality. TI1e crystals possess a noteworthy feature. In a bulb 
provided with a single clectr<;>de in the shape of a small circular metal disc, for instance, 
at a certain degree of exhaustion the electrode is covered with a ;milk)' film, which is 
separated by a dark space from · the glow filling the bulb. \'qhen the metal disc is 
covered with carborundum crystals, the film is far more intense, and snow-white. This . 
I found later to be merely an effect of the bright surface of the crystals, for when an 
aluminium electrode was highly pol.ished it exhibited more or less the same phenomenon. 
I made a nwnber of experiments with the samples of crystals obtained, principally 
because it would have been of special interest to find that they arc capable of 
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phosphorescence, on acc~unt of their being conducting. I could not produce phosphores· 
cence distinctly, but I must remark that a decisive opinion cannot be formed until other 
experimenters have gone over the same ground. 

The powder behaved in some experim~.1ts as though it. contained alumina, but ir 
did not exhibit with sufficient distinctness the red of the latter. Its dead color brighten; 
considerably under the molecillar impact, but I am now convinced it does not phosphore
sce. Still, the tests with the powder are not conclusive, because powdered carborundum 
probably does not behave like a phosphorescent sulphide, for example, which could be 
finely powdered without impairing the phosphorescence, but rather like powdered rub)• 
or diamond, :ind therefore it would be necessary, in order to make a decisive test, to 
obtain it in a large lump and polish up the surface. 

If the carborundum proves useful in connection with these and similar experiments, · 
its chief value will be found in the production of coatings, thin conductors, buttons, or 
other electrodes capable of withstanding extremely high degrees of heat. 

The production of a small electrode capable of withstandinll; enormous temperaturt>s 
I re_gard as of the greatest importance in the manufacture of light. It would enable us 
to obtain, by means of currents of very hi,l!h frequencies, certainly 20 times, if not 
more, the quantity of light which is obtained in the present incandescent lamp by tile 
same expenditure of enerf!Y. This estimate may appear to many exaggerated, but in reality 
I think it is far from being so. As this statement might be misunderstood I think it 
necessary to expose clearly the problem with which in this line of work we are 
confronted, and the manner in which, in my opinion, a solution will be arrived at. 

Any one who be~:ins a study of the problem will be apt to think that what i~ 
wanted in a "lamp with an electrode is a very hi~h degree of incandescence of the 
electrode. There he will be mistaken. The high incandescence of the button is a necessar: 
evil, but what is really wanted is the high incandescence of the gas surrounding the 
button. In other words. the problem in such a lamp is to bring a mass of f!as to the 
highest possible incandescence. The hi_gher the incandescence, the quicker the mean 
vibration, the greater is the economy of the light production. But to maintain a mass of 
_gas at a high degree of incandescence in a glass vessel, it will alwavs be necessary to keeo 
the incandescent mass away from the glass; that is, to confine ·it as much as possible 
to the central portion of the globe. 

In one of the experiments this evening a bntsh was nroduced at the end of a wirt~. 
This brush was a flame. a source of heat and light. It did not emit much Jl·erceptibl<' 
heat. nor did it _glow with an inteMe light; but is it the Jess a flame because it does not 
scorch mv hand? Is it the less a flame because it does not hurt my eye bv .its brilliancy? 
The problem is precisely to produce in the bulb such a flame, much smaller in size, b~tt 
incomparably more powerful. \Vere there means at hand for prnducinP." electric impulses 
of a sufficiently high frequency, and for transmitting them. the bulb could be done 
awav with. unless it were used to protect the electrode, or to economize the enermr bv 
confinin.g the heat. But as such means are not at disposal. it becomes necessary to plac~ 
the terminal · in a bulb and rarefy the air in the same. This is done merely to enable 
the apparatus to perform the work which it is not capable of performing at ordinary 
air pressure. In the bulb we are able to intensify the acticn to any degree - so far that 
the brush emits a powerful light. 

The intensity of the light emitted depends principally on the fregucncy and 
potential of the impulses, and on the electric- density on the surface of the electrode. It 
is of the greatest importance to employ the smallest possible button, in order to push 
the density very far. Under the violent impact of the molecules of the gas surrounding it, 
the small electrode is of course brought to an extremely high temperature, · but around 
it is a mass of highly incandescent gas, a flame photosphere, many hundred times the 
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volume of the electrode. \'V'ith a diamond, carborundum or zirconia button the 
photosphere can be as much as one thousand times the volume of the button. Without 
much reflecting one would think that in pushing so far the incandescence of the electrode 
it would be instantly volatilized. But after a careful consideration he would find th~t, 
theoretically, it should not occur, and in this fact - which, however, is experimentally 
demonstrated - lies principally the future value of such a lamp. . 

At first, when the bombardment begins, most of the work is performed on th~ · 
surface of the button, but when a highly conducting photosphere is formed the button is 
comparatively ·relieved. The higher the incandescence of the photosphere the more i' 
approaches in conductivity to that of th·e electrode, and the more, therefore, the solid 
and the gas form one conducting body. TI1e consequence is . that the further is force.l 
the incandescence the more work, comparatively, is performed on the gas, and the less 
on the electrode. The formation of a powerful photosphere is consequently the very 
means for protecting the dectrode. This protection, of course, is a relative one, and . it 
$hould not be though't that by pushing the incandescence b igher the electrode is actuallv 
less deteriorated. Still, theoretically, with extreme frequencies, this result must be reached, 
but probably at a temperature too high for most of the refractory bodies known. Given, 
then, an 'electrode whid1 can withstand to a ve.ry high limit the effect of the bombardment 
and outward strain, it would be safe no matter how much it is forced beyond that limit 
In an incandescent lamp quite different considerations apply. There the gas is not at 
all concerned: the whole of the work is performed on the filament; and the life of the 
lamp diminishes so rapidly with the increase of the degree of inmndescence that 
economical reasons compel us to work it at a low incnndesccnce. But if an incandescent 
lamp is operated with currents of very high frequency, the action of the gas cannot 
be neglected, and the rules for the most economical working must be considerably 
modified. · 

In order to bring such a lamp with one or two electrodes to a great perfection, it i~ 
necessary to employ impuhes of very high frequency. The high frequency secures, among 
others, two chief advantages, which have a most im!>Ortant bearing upon the econoMr 
of the light production. first, the deterioration o( the electrode: is reduced by, reason of 
the fact that we employ a great .many small impacts, instead of a few violent ones. which 
shatter quickly the structure; secondly, the formation of. a large photosphere is facilitated. 

In order to reduce the deterioration of the electrode to the minimum, it is desirable 
that the vibration be harmonic, for any suddenness hastens the process of destruction. Ar: 
electrode lasts much longer when kept at incandescence by currents, or impulses, obtained 
from a high-frequency alternator, which rise and fall more or less harmonically, than by 
impulses obtained from a disruptive discharge coil. In the latter case there is no doubt 
that most of the damage is done by the fundamental sudden discharges. 

One of the clements of loss in such a lamp is the bombardment of the globe. 
As the potential is very high, the molecules are projected with great speed; they strike 
the p.lass, and usually excite a stronr, phosphorescence. The effect produced is very prettv, 
buf for economical reasons it would be perhaps preferable to prevent, or at least reduce 
to the minimum, the bombardment against the globe, as in such case it is, as a rul,., 
not the object to excite phosphorescence, and as sonic loss of enercy results from the 
bombardment. This loss in the bulb is J)Cincipally dependent on the potential of th~ 
imnulses and on the electric density on the surfl!cc of the electrode. In emnloving very 
high frequencies the loss of energy by the bombardment is .~re:ttly reduced. for. fi~s~. 
the potential needed to perform a given itmount of work is much smaller; and, second!v. 
by producing a hi~hly conductinP, photosrhere around the electrode, the sanre result is 
obtained as thou~h the electrode were much larger, which is equivalent to a smaller 
electric densitv. But be it by t.'J.c diminution of the maximum potential or of the densitv, 
the gain is effected in the same manner, namely, by avoiding violent shocks, which 
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strain the glass much beyond its limit of elasticity. If the frequency could be brought 
high enough, the loss due to the imperfect elasticity of the glass would be entirely 
negligible. The loss due to bombardment of the globe may, however, be reduced by 
using two electrodes instead of one. In sud1 case each of the electrodes may be connected 
to one of the terminals; or else, if it is preferable to usc only one wire, one electrode may 
be connected to one terminal and the other to the ground or to an insulated body of 
some surface, as, for instance, a shade on the lamp. In the latter case, unless some 
judgment is used, one of the electrodes might glow more intensely than the other;. 

But on the whole I find it preferable when using such high frequencies to employ 
only one electrode and one connecting wire. I am convinced that the illuminating device 
of the near future will not require for its operation more than one lead, and, at any rate, it 
will have no leading-in wire, since the energy required can be as well transmitted 
through the glass. In experimental bulbs the leading-in wire is most generally used on 
account of convenience, as in employin_g condenser cootings in the manner indicated 
in Fig. 22, for example, there is some difficulty in fitting the parts, but these difficulti~.; 
would not exist if a great many bulbs were manufactured; otherwise the energy can be 
conveyed through the glass as well as through a wire, and ·with these high frequencies 
the losses arc very small. Such illuminating devices will necessarily involve the usc of 
very high potentials, and this, in the eyes of practical men, might be an objectionat.!e 
feature. Yet, in reality, high potentials are not objectionable - · certainly not in the leas~ 
as far as the safety of the devices is concerned. . 

There arc two ways of renderinq an electric appliance safe. One is to usc low 
potentials, the other is to determine the dimens ions of the appa ratus so that it is saf.: 
no matter how high a potential is used. Of the two the latter seems to me the bcttN 
way, for then the safety is absolute, unaffected by any possible combination of 
circumstances which might render even a low-potential appliance dangerous to life and 
property. But the practical conditions require not only the judicious determination of th~ 
dimensions of the npparatus; they likewise necessitate the employment of energy of the 
proper kind. It is easy, for instance, to construct a transformer capable of giving, when 
operated from an ordinary alternate current machine of low tension, say 50,000 volts, 
which mi.~;ht be required to light a highly exhausted phosphorescent tube, so that, in 
spite of the high potential, it is perfectly safe, the shock from it producing no 
inconvenience. Still, such a transformer would be expensive, and in itself inefficient; nnrl, 
besides, what energy was obt~ined from it would not be economically used for .the 
production of I ight. The economy demands the employment of energy in the form (J{ 

extremely rapid vibrations. The problem of producing light has been liken.cd to that of 
maintaining a certain high-pitch note by means of :1 bell. It should be said a /"m:/y audible 
note; and even these words would. not express it: . so wonderful is the sensitiveness of the 
eye. \VIe may deliver powerful blows at long intervals, waste a good deal of energy, 
and still not get what we want; or we may keep up the note by delivering frequent gentle 
taps, and get nearer to the object sought by the expenditure of much less "energy. In the 
production of light, as fas as the illuminating devi~e is concerned, there can be only one 
rule - that is, to use as high frequencies as C!n be obtained; but the means for 
the production and conveyance of impulses of such character impose, at present 
at least, great limitations. Once it is decided to use very high frequencies, the return 
wire becomes unnecessary, and all the appliances are simplified. By the use of obvious 
means the same result is obtained as though the return wire were used. I t is sufficient 
for this purpose to bring in contact with the bulb, or merely in the vicinity of the 
same, an insulated body of some surface. The surface need, of course, be th-e smaller, the 
h igher the frequency and potential used, and necessarily, also, the higher the economy of 
the lamp or other device. 
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This plan of working has been resorted to on several occasions this evening. So, 
for instance, when the incandescence of a button was produced by grasping the bulb 
with the hand, the body of the experimenter merely served to intensify the action. The 
bulb used was similar to that illustrated in Fig. 19, and the coil was excited to a small 
potential, not sufficient to bring the button to incandescence when the bulb was hanging 
from the wire; and incidentally, in order to perform the experim·ent in a more suitable 
manner, the button was taken so large that a perceptible time had to ebpse before, 

Fig. 24. Fig. 25. 

upon grasping the· bulb, it could be rendered incandescent. The contact with the bulb 
was, of course, quite unnecessary. It is easy, by using · a rather large bulb with an. 
exceedingly small electrode, to adjust the conditions so that the latter is brought to 
bright incandescence by the mere approach of the experimenter within a few feet of 
the bulb, and that the incandescence subsides upon his receding. 

In another experiment, when phosphorescence was excited, a similar bulb was used. 
Here again, originally, the potential was not sufficient to excite phosphorescence until th·e 
action was intensified - in this case,. however, to present a different feature, by touching 
the socket with a metallic object held in the hand. The electrode in the bulb was ~ 
carbon button so large that it could not be brought to incandescence, and thereby spoil 
the effect produced by phosphorescence. 

Again, in another of the early experiments, a bulb was used as illustrated in Fig. 12. 
In this instance, by touching the bulb with one or two fingers, one or two shadows of 
the stem.inside were projected against the glass, the touch of the finger producing the 
same result as the application of an external negative electrode under ordinary 
circumstances. 
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In all these experiments the action was intensified by augmenting the capacity at 
the end of the lead connected to the terminal. As a rule, it is not necessary to resort to 
such means, and would be quite unnecessary with still higher frequencies; but when it 
is desired, the bulb, or tube, can be easily adapted to the purpose. 

In Fig. 24, for example, an 
experimental bulb L is shown, which is 
provided with a neck 11 on the top for 
the application of an external tinfoil 
coating, which may be connected to a 
body of larger surface. Such a lamp a~ 
illustrated in Fig. 25 may also be lighted 
by connecting the tinfoil coating on the 
neck 11 to the terminal, a!Jd the leading·in 
wire w to an insulated plate. If the bulb 
stands in a socket upright, as shown in 
the cut, a shade of conducting material 
may be slipped in the neck 11, and the 
action thus magnified. 

A more perfected arrangement used 
in some of these bulbs is illustrated in 

Fig. 26. 

Fig. 26. In this case the copstruction of the bulb is as shown and described before, whP.11 
reference was made to Fig. 19. A zinc sheet Z, with a tubular extension T, is slipped over 

the metallic socketS. The bulb hang~ 
downward from the tci:minal 1, the 
zinc sheet Z, performing the double 
office of intensifier and reflector. 
The reflector is separated from the 
terminal I by an extension of the 
insulating plug P. 

C) 

C; . 

T 

Fig. 27. 

A similar disposition with 1 

phosphorescent tube is illustrated 
in Fig. 27. The tube T is prepared 
from two short tubes of a different 
diameter, which arc scaled on the 
ends. On the lower end is placed 
an outside conducting coating C, 
which connects to the wire w. The 
wire has a hook on the upper ~nd for 
suspension, and passes t.hrough the 
centre of the inside tube, which 
is filled with some good and tightly 
packed insulator. On the outside of 
the upper end of the tube T is 
another conducting coating C1, upon 
which is slipped a metallic reflector 
Z, which should be separated by a 
thick insulation from the end of 
WlrC W. 

The economical use of such a reflector or intensifier would require that all energy 
supplied to an air .condenser should be recoverable, or, in other words, that there should 
not be any losses, neither in the gaseous medium nor through its action elsewhere. This 
is far from being so, but, fortunately, the losses may be reduced to anything desired. 
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A few remarks are necessary on this subject, i':l order to make the experiences gathered 
in the course of these investigations perfectly clear. . 

Suppose a small helix with many well insulated turns, as in exp-eriment Fig. 1 '7, has 
one of its ends. connected to one of the terminals of the induction coil, and the other to a 
metal plate, or, for the sake of simplicity, a sphere, insulated in space. When the coil is 
set to work, the potential of the sphere is alternated, and the small helix now behaves 
as though its free end were connected to the other terminal of the induction coil. If 
an iron rod be held within the small helix it is quickly brought to a high temperature, 
indicating the .rassage of a strong current through the helix~ How does the insulated 
sphere act in this case? It can be a condense·r; storing and returning the energy supplied 
to it, or it can be a mere sink of energy. and the conditions of the experiment determine 
whether it is more one or the other. The sphere being charged to a high potential,. it 
acts inductively upon the surrounding air, or whatever gaseous medium there might be. 
Th·e molecules, or atoms, which are near the sphere are of course more attracted, and 
move through a greater distance than the farther ories. When the nearest molecules 
strike the sphere they are repelled, and collisions occur at all distances within the 
inductive action of the sphere. It is now dear that, if the potential be steady, but little 
loss of energy can be caused in this way, for the molecules which arc nearest to the 
sphere , havinJ~ had an additional charge imparted to ·them by contact, arc not 
.attracted until they have parted, if not with al!, at least with most of the 
additional char~;e, which can be accomplished only after a great many collisions. 
From the fact that with a steady potential there is but little loss in dry air, one mn~t 
come to such a. conclusion. \'V"hen the potential of the sphere, instead of beins:; steady,. 
is alternating, the conditions are entirely different. In this case a rhythmical bombardment 
occurs, no matter wheth·er the molecules after wming in contact with the sphere lose 
the imparted charge or not; what is more. if the charge is not lost, the imoacts are onlv 
the more violent. Still if the frequer.cv of the impulses be very small, the loss caused by 
the impacts and .collisions would not be serious unless th~ potential were excessive. But 
when extremely high frecfuencies and moce or less high potentials are used. the loss mav 
be very great. TI1e total energy lost per unit of time is proportionate to the product of 
the number of imoacts per second, or the frequency and the energy lost in each impact. 
But the energy of an imoact must be proportionate to the square of the··electric density 
of the sphere, since the charge imparted to the molecule is proportionate to that density. 
I conclude from th is that the total energy lost must be oroportiorate to the product of the 
frequency and the square of the electric density; but this law needs exnerimentul 
confirmation. Assuming the orccedin.g considerations to be true, then, by · rapidlv 
alternating the potential of a body immersed in an insulating gaseous medium. any amount 
of energy may be dissipated into space. Most of that energy then, I believe, is not 
diss.ipated in the form of long ether waves, JJropagated to considerable distance, as is 
thought most generally. but is consumed - in the case of an insulated sohere, for· exam ole. 
- in imoact and collisional losses - that is, heat vibrations - on the surface and in 
the vicinity of the sphere. To reduce the dissipation it is necessary to \YOrk with a small 
electric densicy - the smaller the higher the frequency. · · . 

But since, on tl1e assumption before made. the loss is diminished with the squa~e 
of the density, and since eurrents of very high frequencies involve considerable wast•! 
when transmitted through conductors, it follows that, on the whole, it is better to employ 
one wire than two. Tirerefore, if motors,. lamps, or devices of any kind arc perfected, 
capable of being advantageously operated by i:urrents of extremely high frequency. 
economical reasons will make it advisable to use only one wire, especially if the distances 
are great. 

When energy is · absorbed in a conderiser"~the same behaves as . t110ugh ·its capacity 
were increased. Absorption always exists niore or less, but generally it is small and of 
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no consequence as long as the frequencies are not very great. In using extremely high 
frequencies, and, necessarily in such case, also high potentials, the absorption - or, what 
is here meant niore particularly by this term, the loss of .energy due to the presence of a 
gaseous medium - is an important factor to be considered, as the energy absorbed ill 
the air condenser may be any fraction of the supplied energy. This would seem to make 
it very difficult to tell from the measured or computed capacity of an air condenser 
its actual capacity or vibration period, especially if the condenser is of .very small surface 
and is charged to: a very high potential. As many important results arc dependent upon 
the correctness of the estimation of the vibration period, this subject demands the most 
careful scrutiny of other in-:estigators. To reduce the probable error as much as possible 
in experiments of the kind alluded to, it is advisable to use spheres or pla.tes c[ large 
surface, so as to make the density exceedingly small. Otherwise, when it is practicable, 
an oil condenser should be used in preference. In oil or other liquid dielectrics there arc 
seemingly· no such losses as in gaseous media. It being impossible to exclude entirelv . 
the gas in condensers with solid dielectrics, such condensers should be immersed in oil, 
for economical reasons if nothing else; they can then be strained to the utmost and will 
remain cool. In Leyden jars .the loss due to air is comparatively small, as . the tinfoil 
coatings arc large, close together, and the charged surfaces not directly CJ~posed; bu.t.when 
the potentials arc very hi_gh, the loss may be more or Jess considerable at, or near, th!: 
upper edge of the foil, where the air is prin~ipally acted upon. If the jar be immersed 
in boiled-out oil, it will be capable of performint; four times the amount ol work which 
it can for any length of time when used in the ordinary way, and the loss will b.-
inappreciable. · . 

It should not be thought that the loss in heat in an air condenser· is necessarily 
associated with the formation of visible streams or brushes. If a small electrode, incloseJ 
in an unexhausted bulb, is connected to one of the terminals of the cor!, streams can b<' 
seen to issue from the electrode and the air in the l;mlb is heated; if, instead ofc a small 
electrode, a large sphere is inclosed in the bulb, no streams arc observed, still the air is 

. heated. 
Nor should it be thought that the temperature of an air condenser would give evc!l 

an approximate idea of the loss in heat incurred, as in such case heat must be ,qi,·en off 
much more quickly, since there is, in addition to the ordinary radiation, a very active 
carrying a~ay of heat by independent carriers going on, and since not only the apparatiJ$, 
but the air at some distance from it is heated in consequence of" the collisions which 
must occur. · 

Owing to this,' in experiments with such :i coil, a rise of temperature can be distinct!~· 
observed only when the body connected to the coil is very small. But with apparatns 
on a larger scale,' even a body of considerable bulk would be heated. as, for instance, the 
body of a person; and I think that ski·lled physicians might make observations of utility 
in such experiments, which, if the apparatus were judiciously designed, would not present 
the slightest danger. . · 

A question of some interest, Principally to meteorologists, presents itself here. How 
docs the earth behave? TIIC! earth is an air condenser, but is it a perfect or a verv 
imperfect one - a mere sink of en·ergy? There can be little doubt ihat to such small 
disturbance as might be caused in an · experiment the earth behaves as an alfl'!OSt perfect 
condenser. But it might be different when its charge is set in vibration by some sudden 
disturbance occurring in the heavens'. In such case, as before stated, probablv only little 
of the cnercy of the vibrations set up would be lo~t into space in the form of Jon)! ether 
radiations, but most of tire enerey, I think. would spe.nd itself in molecular impacts and 
collisions, and pass off into space in the form of short heat, and possibly. light, waves. 
As both the frequency of the vibrations of the charge and the potential arc in alL 
probability excessive, the energy converted into heat may be considerable. Since the 
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density must be unevenly distributed, either in consequence of the irregularity of the 
earth's surface, or on account of the condition of the atmosphere in various places, the 
effect produced would accordingly vary from place to place. Considerable variations in 
the temperature . and pressure of the atmosphere may in this manner be caused at any 
point of the surface of the earth. The variations may be gradual or very sudden, accord in.~ 
to the nature of the general disturbance, and may produce rain and storms, or locally 
modify the -weather in any way. . 

From the remarks before made one may sec what an important factor of loss the air 
in the neighborhood of a charged surface becomes when the electric density is great and 
the frequency of the impulses excessive. But the action as explained implies that the air is. 
insulating __:. that is, that it i.s composed of independent carriers immersed in .an 
insulating medium. This is the case only when the air is at something like ordinary or 
greater, or at extremely small, pressure. When the air is slightly rarefied and conducting, 
then true conduction losses occur also. In such case, of course, considerable energy may be 
dissipated into space even with a steady potential, or with impulses of low frequency, 
if the density is very great. · 

\"V'hen the gas is at very low pressure, an electrode is heated more because higher 
speeds can be reached. If the gas around the electrode is strongly compressed, the 

displacements, and consequently the speeds, are very 
small, and the heating is insignificant. But if in such 
case the frequency could be sufficiently increased, the 
electrode would be brought to a high temperature as 
well as if the ·gas were at very low pressure; in· fact, 
exhausting th·e bulb is only necessary because we 
cannot produce (and possibly not convey) currents 
of the required frequency. 

Returning to the subject of electrode lamps, it 
is obviously of advantage in such a lamp to confine 
as much as possible the heat to the electrode by 
preventing the circulation of the gas in the bulb. 
If a very small bulb be taken, it would confine the 
heat better than a large one, but it might not be of 
sufficient capacity to be operated from the coil, or, 
if so, the glass might get too hot. A simple ~ay to 
improve in this direction is to employ a globe of the 

· required size, but to place a small bulb, the diameter 
of which is properly estimated, over the refractory 
button contained in the .globe. This arrangement is 
illustrat<:d in Fig. 28. 

The globe L has in this case a large neck 11, 

allowing the small bulb b to slip through. Otherwise 
the construction is the sirne as shown in Fig. 18, for 

Fig. 28. example. The sm:t!l bulb is conveniently supported 
upon the stem s, carrying the refractory button m. It 

is separated from the aluminium tube a by seyeral layers of l!lica M, in order to prevent 
the cracking of the neck by the rapid heating of the aluminium tube upon a sudden 
turning on of the .current. The inside bulb should be as small as possible when it is 
desired to obtain light only by incandescence of the electrode. If it is desired to produce 
phosphorescence, the bulb should be larger, else it would be apt to get too hot, and 
the phosphorescence would cease. I11 this arrangement usually only the small bulb 
shows phosphorescence, as there is practically no bombardment against the outer globe. 
In some of these bulbs constructed as illustrated in Fig. 28 the small tube was coated 
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with phosphorescent paint, and beautiful effects were obtained. Instead of making the 
inside bulb large, in order to avoid undue heating, it answers the purpose to 1rulke the 
electrode m larger. In this case the bombardment is weakened by reason of the smaller 
electric density. 

Many bulbs were constructed on the plan illustrated in Fig. 29. Here a small bulb 
b, containing the refractory button m, upon being exhausted to a very high degree was 
sealed in a -large globe L, which was then moderately 
exhausted and sealed off. TI1e principal advantage 
of this construction was that it allowed of reaching 
extremely high vacua, and, at the same time use a 
large bulb. It was found, in the course of experiences 
with bulbs such as illustrated in Fig. 29, that it was 
well to .make the stem s near the seal at e very thick, 
and the leading-in wire tu thin, as it occurred so~e
times that .the stem at e was heated and the bulb was 
cracked. Often the outer globe L was exhausted only 
just enough to allow the discharge to pass through, 
and the space between the bulbs appeared crimson, 
producing a curious effect. In some cases, when the 
exhaustion in globe L was very low, and the air good 
conducting, it was found necessary, in order to bring 
the button m to high incandescence, to place, preferably 
on the upper part of the neck of the globe, a tinfoil 
coating which was connected to · an insulated body, 
to the ground, . or to the other · terminal of the coil, 
as the highly conducting air weakened the effect 
somewhat, probably by being acted upon inductively 
from the wire· 10, where it entered the bulb at e. 
~nother · · difficulty - which, however, is alway; 
present 'when the refractory button is mounted in a fis. 29 
very small bulb - existed in the construction 
illustrated in Fig. 29, namely, the vacuum in the bulb b would be impaired 10 a 
comparatively short time. 

TI1e chief idea in the two last described constructions was to confine the heat to 
the central portion of the globe by preventing the exdunge of air. An advantage is 
secured, but owing to the heating of the inside bulb and slow evaporation of the glass 
the vacuum is hard to maintain, even if the construction illustrated in Fig. 28 be chosen, 
in which both bulbs communicate. 

But by far the better way - the ideal way - would be to reach sufficiently high 
frequencies. The higher the frequency the slower would be the exchange of the air, 
and I think that a frequency may be read1ed at whid1 there would be no exchange 
whatever of the air molecules around the terminal. We would then produce a fbme 
in which there would be no c:urying away of material, and a queer flame it would be, 
for it would be ·rigid! With such high frequencies the inertia of the particles would 
come into play. As ·the brush, or flame, would gain rigidity in virtue of the inertia of 
the particles, the exchange of the latter would be prevented. This wo.uld necessarily 
occur, for, the number of the impulses being augmented, the potential en·ergy of each 
would diminish, so that finally only atomic vibrations could be set up, and the motion 
of translation through me~urable space would cease. Thus an ordinary gas burner 
connected to a source of rapi<lly alternating potential might have its efficiency augmented 
to a certain limit, and this for two reasons - because of the additional vibration 
imp:lCted, and because ·of a slowing down of the process of carrying off. But the renewal 
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being rendered difficult, and renewal being necessary to .maint:tin the b11mer, a continued 
increase of the frequency. of the impulses, assuming they could be transmitted to and 
impressed upon the flame, would result in the "extinction" of the latter, meaning by . 
this term only the ·cessation of the chemical process. 

I think, however, that in the case of an electrode immersed in a fluid insulating 
medium, and surrounded by independent carriers of electric d1arges, which can be acted 
upon inductively, a sufficiently high frequency of the impulses would probably result 
in a gravitation of the gas all around toward the electrode. For this it would be only 
necessary to assume that the independent bodies are irregularly shaped; they would 
then turn toward the electrode their side of the greatest electric density, and tlm would 
be a position in which the fluid resistance to approach would be smaller than thlt 
offered to the ·receding. 

TI1e general opinion, I do not doubt, is that it is out of the question to reach any 
sud1 frequencies as might -:---assuming some of the views before expressed to be true -
produce any of the results whid1 I have pointed out as mere possibilities. This may be 
so, but in the course of these investigations, from the observation of many phenomena 
I have gained the conviction that these frequencies would be much lower than one is 
apt to estimate at first. In a flame ·we set up light vibrations by causing molecules, or 
atoms, to collide. But what is the ratio of the frequency of the collisions and that of 
the vibrations set up? Certainly it must be incomparably smaller than that of the knoc:.:s 
of the bell ar~d the sound vibrations, or that of the disd1arges and the oscillations 
of the condenser: We · may cause the molec\!les of the gas to collide by the 
usc of alternate electric impulses of high frequency, and so we may imitate the process 
in a flame; and from experiments with· frequencies which we are now able to obtain, 
I think that the result is producible with impulses which are transmissible through 
a conductor. 

In connection with thoughts of a similar nature, it appeared to me of great interes~ 
to demonstrate the rigidity of a vibrating gaseous column. Although with such low 
frequencies as, say 10,000 per second, which I was able to obtai.n without di£ficult.y 
from a specially constructed alternator, the task looked discouraging at first, I made a 
series of experiments. The trials with air at ordinary pressure led to no result, but with 
air moderately rarefied I obtain what I think to be an unmistakable experimental evidence 
of the property sought for. As a result of this kind might lead able investigators to 
conclusions of importance I will describe one of the experiments performed. 

It is well known that when a tube is slightly exl1austed the discharge may be passed 
through it in the form of a thin luminous thread. When produced with currents of low 
frequency, obtained from a coil operated as usual, this thread is inert. If a magnet be 
approached to it, the part near the same is attracted or repell~d, according to the .direction 
of the lines of force of the magnet. It occurred to me that if such a thread would be 
produced with currents of very high frequency, it should .be more or Jess rigid, and as 
it was visible it could be easily studied. Accordingly I prepared a tube abou.t 1 inch in 
diameter and 1 metre long, with outside coating at each end. The. tube was exhausted. 
to a point at which by a little working the thread discharge could be obtained. It must · 
be remarked here that the general aspect of the tube, and the degree of exhaustion, are 
quite different than when ordinary low. frequency currents arc used. As it was found 
preferable to work with one terminal, the tube prepared was suspended from the end 
of a wire connected to the terminal, the tinfoil coating being connected to the wire, 
and to. the lower coating sometimes a small insulated plate v;as attached. When the · 
thread was formed it extended through the upper part of the tube and lost itself in 
the lower end. If it possessed rigidity it resembled, not exactly an clastic cord stretched 
tigl!t between two supports, but a cord suspended from a height with a small weight 
attached at the end. When the finger or a magnet was. approached to the upper end of 
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the iuminous thread, it could be brought locally out of. position by electrostatic or 
magnetic action; and when the disturbing object was very quickly .remQved, an analogous 
result was produced, as though a suspended cord would be displaced and quickly released 
near the point of suspension. In doing this the luminous thread was set in vibration, 
and two very sharply marked nodes, and a third. indistinct one, were formed. The 
vibration, once set up, continued for fully eight minutes, dying gradually out. Th.e speed 
of the vibration often varied perceptil:>ly, and it could be .observed that the electrostatic 
attraction of the glass affected the vibrating thread; but it was clear that the electrostatic 
action was not the cause of the vibration, for the thread was most generally stationary, and 
could always be set in vibration by passing the finger quickly near the upper part of the 
tube. With a magnet the thread could be split .in two and both parts vibrated. By 
approaching· the han~ to the lower coating of the tube, or insulated plate if attached, 
the ·vibration was quickened; also, as far as I could see, by raising the potential ot 
frec1uency. Thus, either increasing the frequency or paising a stronger discharge of the 
same fre<}Uency corr.esponded to a tightening of the cord. I did not obtain any 
experimental evidence with condenser discha.rges. A luminous band excited in a bulb 
by repeated discharges of a Leyden jar must possess rigidity, and if deformed and 
suddenly released should vibrate . . But probably the amount of vibrating matter is so 
small that in spite of the ·extreme speed the inertia cannot prominently assert itself. 
Besides, the observation in such a case is rendered extremely difficult on acc6unt of the 
fundamental vibration. 

The demonstration of the fact - which still needs better experimental confirmation 
- that a vibrating gaseous column possesses rigidity, might greatly modify the views 
of thinkers. When with low frequencies and insignificant potentials indications of that 
property may be noted, how must a gaseous medium behave under the influence of 
enormous electrostatic stresses which may be active in the interstellar space, and which 
llUY alternate with inconceivable rapidity? The existence of such an electrostatic, 
rhythmically throbbing for~e - of a vibrating electrostatic field - would show 3 

possible way how solids might have (ormed from the ultra·gascous uterus; and how 
transverse and all kinds of vibrations may be transmitted through a gaseous medium 
filling all space. Then, ether might be a true fluid, devoid of rigidity, and at rest, it 
being merely necessary as a connecting link to enable interaction. \'V'hat determines the 
rigidity of ·a body? It must be the speed and the amount of moving matter. In a Bas 
the speed may be considerable, but the density is, exceedingly small; in a liquid the speed 
would be likely to be small, though the density may be con.siderable; and in both cases 
the inertia resistance offered to displacement is practically 11il. But place a gaseous (or 
liquid) column in an intense, · rapidly alternating electrostatic field, set the particlt>.s 
vibrating with enormous speeds, then the inertia resistance asserts itself. A body might 
move with more or less freedom through the vibrating mass, but as a v;hole it would 
be rigid. 

There is a subject which I must mention in connection vtith ·these experiments: it 
is that of high vacua. This is a subject the study of which is not only interesting, but 
useful, for it may lead to results of great practical importance. In commerci~l apparatus, 
such as incandescent lamps, operated from ordinary systems of distributibn, a much 
higher vacuum than obtained at present would not secure a very great advantage. ·Tn 
such a case the work is performed on the filament and the gas is little concerned; t.he 
improvement, .therefore, would be but trifling. But when ·we begin to use very high 
frequencies and potentials, the action of the gas becomes all important, and the degrel" 
of exhaustion materially modifies the results. As long as ordinary coils, even very lar.gc 
ones, were used, the study of the subject was limited, because: just at a point when ii· 
became most interesting it had to be interrupted on account of the "non-striking" vacuum 
being .reached. But presently we are able to obtain from a small disruptive discharge 
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coil potentials mudt higher than even the largest coil was capable of giving, and, wh4t 
is more, we can make the potential alternate with great rapidity. Both of these results 
enable us now to pass a luminous disdtarge through almost any vacua obtainable, and 
the field of our investigations is greatly extended. Think we as we may, of all the possible 
directions to develop a practical illuminant, the line of high vacua seems to be thr. most 
promising at present. But to reach extreme vacua the. appliances must be much more 
impci;>ved, and ultill).ate perfection will not be attained untiJ we shall have discarded 
the mecHanical and perfected an e/eclrical vacuum pump. Molecules and atoms can he 
thrown out of a bulb under the action of an enormous potential: this will be the principle 
of the vacuum pump of the future. For the present, we must secure the best results w~ 
can with medtanical appliances. In this respect, it might not be out of the way to say 
a few words about the method of, and apparatus for, producing excessively high degrees 
of exhaustion of which I have availed myself in the course of these investigations. It 
is very probable that other experimenters have used similar arrangements; but as it i.; 
possible that there may be an item of interest in their description, a few remarks, which 
will render this investigation more complete, might be permitted. 

-< 

The :tpparatus is illustrated in a drawing shown in Fig. 30. S represents a Sprcngel 

r • •• 

Fig. 30. 
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pump, which has been specially 
constructed to better suit the work 
required. The stopcock which is 
usually employed has been omitted, 
and instead of it a l'lollow stopper .r 
has been fitted in the neck of the 
reservoir R. This stopper has a small 
hole h, through which the mercury 
descends; the size of the outlet o being 
properly determined with respect to 
the section of the fall · tube 1, . which 
is sealed to the reservoir instead of 
being connected to it in the usual 
manner. This arrangement overcomes 
the imperfections and troubles whidt 
often arise from the use of the 
stopcock on the ·reservoir and the 

. connection of the latter with the fall 
tube. 

The pump is connected through 
a U-shaped tube 1 to a very large 
reservoir- R1. Especial care was . taken 
in fitting the grinding surfaces of the 
stoppers p and p 1, and both of these 
and the mercury caps above them were 

. made exceptionally' long. After the 
U-shaped tu.be was fitted and put in place, it was heated, so as to soften and take ofi: 
the strain resulting from imperfect fitting. Tite U-shaped tube was provided with a 
stopcock C, and two ground connections g and g1 .- one for a small bulb b, usually 
containing caustic potash, and the other for the receiver r, to be exhausted. 

The reservoir R1 was connected by means of a rui.ber tube to a slightly large: 
reservoir R2, eadt of the two reservoirs being provided with a stopcock CJ.i and C2, 

respectively. The reservoir R2 could be raised and lowered by a wheel and rack, ar.cl th:: 
range of its motion was so determined that when it was filled with mercury and the 
stopcock G~ closed, so as to form a Torricellian vacuum in it when raised, it could be 
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lifted so high that the mercury in reservoir R1 would stand a little above stopcock C1 : 

and when this stopcock was closed and the resen'oir R2 descended, so as to form a 
Torriccllia.n vacuum in reservoir Rv it could be lowered so far as to completely empty 
the latter, the mercury filling the reservoir R2 up to a little above stopcock C2. 

The capacity of the pump and of the connections was taken as small as possible 
relatively to the volume of reservoir, R11 since, of course, the degree of exhaustion 
depended upon the ratio of these quantities. 

With this appnatus I combined the usual means indicated by former experiments 
for the production of very high ,·acua. In most of the experiments it was convenient 
to use caustic potash. I rna)' venture to say, in regard to its usc, that much time is saved 
and a more perfect action of the pump insured by fusing and boiling the potash as soon 
as, or eve11 before, the pump settles down. If this course is not followed the sticks, 
as ordinarily employed, may give moisture off at a certain very slow rate, and the pump 
may work for many hours without reaching a very high vacuum. The potash was heated 
either by a spirit lamp or by passing a discharge through it, or by passing a current 
through a wire contained in it. The advantage in the latter case was that the heating 
could be more rapidly repeated. 

Generally the process ·of exhaustion was the following: - At the start, the stop
cocks C and C 1 being open, and all other connections dosed, the reservoir R2 was raised 
so far that the mercury filled the reservoir R1 and a part of the narrow connecting 
U-shaped tube. When the pump was set to work, the mercury would, of course, quicklr 
rise in the tube, and reservoir R2 was lowered, the experimenter keeping the mercury 
at about the same level. TI1c reservoiF R2 was balanced by a long spring which facilitated 
the operation, and the friction of the parts was generally sufficient to keep it almost 
in any position. \"V'hen the Sprengel pump had done its work, the reservoir R2 was 
further lowered and the mercury descended in R1 and filled R2, whereupon stopcock 
C2 was closed. The air adhering to the walls of R1 and that absorbed by the mercury 
was carried off, and to free the mercury of all air .the reservoir R2 was for a long time 
worked up and down. During this process some air, which would gather below stopcock 
C2, was expelled from R2 by lowering it far enough and opening the stopcock, dosing 
the latter again before raising the reservoir. \"V'hen all the air had been expelled from 
the mercury, and no air would gather in R2 when it was lowered, the caustic potash 
was resorted to. TI1c reservoir R2 was now again raised until the mercury in 1~1 stood 
above stopcock C1 . The caus tic potash was fused and boiled, and the moisture part!)· 
carried off by.the pump and partly re-absorbed; and this process of heating and coolint; 
was repeated many times, an_d each time, upon the moisture being absorbed or carried 
off, the reservoir R2 was for a long time raised and lowered. In this manner all the 
moisture was carr ied off from the mercury, and both the reservoirs were in proper 
condition to be used. The reservoir R~ was then again raised to the top, and the pump 
was kept working for a long time. \"V'hen the highest vacuum obtainable with the pump 
had been reached the potash bnlb was us"ually wrapped with cotton which was sprinkled 
with ether so as to keep the potash at a very low temperature, then the reservoir R2 was 
lowered, and upon reserYoir R1 being emptied the receiver t· was quickly sealed up. 

\"V'hcn a new bulb was pt1t on, the mercury was always raised above stopcock C11 
which was dosed, so as to always keep the tnercury<and both the: reservoirs in fine 
condition, and the mercury was never withdrawn from R1 except when the pump had 
reached the high.cst degree of exhaustion. It is necess:uy to observe this rule if it i~ 
desired to usc 'the ·apparall.IS to advantage. 

By means of this arrangement I was able to proceed very quickly, and when the ap
paratus was in perfect order it was possible to reach the phosphorescent stage in a small 
bulb ih Jess thar1 15 minutes, which is certainly very quick work for a small laboratory 
arrangement requiring all in all about 100 pounds of mercury. \"V'ith ordinlry small 
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bulbs the ratio of the capacity of the pump, rece1ver, and connections, and that ol 
reservoir R was about 1- 20, and the degrees of exhaustion reached were necessarily 

. very high, though I am unable to make a precise and reliable statement how far the 
exhaustion was carried. 

\'\!hat impresses the investigator most in the course of these experiences is the 
behavior of gases when subjected to g reat rapidly alternating electrostatic stresses. But 
he must remain in doubt as to whether the effects observed arc due wholly to ~he 
molecules, or atoms, of the gas which chemical analysis discloses to us, or whether there 
enters into play another medium of a gaseous nature, comprising atoms, or molecules, 
immersed in a fluid pervading the space. Such a mediun~ surely must exist, and I am 
convinced that, for instance, even if. air w.ere absent, the surface and neighborhood of 
a body in space would be heated by rapid ly alternating the potential of the body; . but 
no such heating of the surface or neighborhood could occur if all free atoms were 
removed and only a homogeneous, incompressible, and elastic fluid - such as ether 
is supposed to be ....:. would remain, for then there would be no impacts, no collisions. 
In such a case, as far as the body itself is concerned, only frictional losses in the insiJc 
could occur. 

It is a striking fact that the discharge through a gas is established with ever 
increasing freedom as the frequency of the impulses is augmented. It behaves in this 
respect quite contrarily to a metallic conductor. In the latter the impedance enters 
prominently into play as the frequency is increased, but the gas acts much as a series 
of condensers would: the facility with which the d ischarge passes through seems to 
depend on the rate of change of potential. If it act so, then in a vacuum tube even of 
great length, and no matter how strong the current, self·induction could not assert itsc!i 
to any appreciable degree. \Y/e have, then, as far as we can now sec, in the gas a conductor 
which is capable of transmitting <:lcctric impulses of any frequency which we may be 
able to produce. Could the frequency be brought high enough, then a queer system of 
electric distribution, which would be likely to interest gas companies, might be 
realized: m::tal pipes filled with gas - the metal being the insulator, the gas the 
conductor - supplying phosphorescent bulbs, or perhaps devices as yet uninvented. 
It .is certainly possible to take a hollow core of copper, rarefy the gas in the same, and 
by passing impulses of sufficiently high frequency through a circuit around it, bring 
the gas inside to a high degree of incnndcsccnce; but as to the nature of the forces th~rc 
wodd be considerable uncertainty, for it would be doubtful whether with sud1 impulse's 
the copper core would act as a static screen. Such paradoxes and apparent impossibilities 
we encounter at every step in this line of work, and therein lies, to a great extent, th;: 
charm of the study. · 

I have here a short and wide tube which is exhausted to a high degree and.covered 
\'lith a substantial ·coating of bronze, the coating allowing barely the l ight to shine 
thro'ugh: A metallic clasp, with a hook for suspending the· tube, is fastened around the 
middle portion of the latter, the clasp being in contact with the bronze coating. I now 

· want to light the gas inside by suspending the tube on a wire connected to the coil. 
Any one who would try the experiment for the first .time, not having any previous 

. experience, would pro!Jably take care to be quite alone when making the trin l, for fear 
that Ire might become the joke of his assistants. Still, the bulb · lights in spite of t.he 
metal coating, and the light cnn be distinctly perceived through the latter. A long tube 
covered with aluminium bronze lights when held in 'One hand - the other touchir•g 
the terminal of the coil - quite powerfully. It might be objected that the coatings arc 

. not sufficiently conducting; still, even ihhey were highly resistant, they ought to screco1 
the gas .. They certainly screen ·it perfectly in a condition of rest, but not by far perfecth• 
wh.en the charge is surging in . the, coating. Ilut the loss of energy whid1 occurs within 

· the tube, notwithstanding. the screen,. is occasioned principally by the presence of the 
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gas. Were we to take a large hollow metallic sphere and fill it with a perfect 
incompressible fluid dielectric, there would be no loss inside of the sphere, and 
consequently the inside might be considered as perfectly screened, though the potenti<d 
be very rapidly alternating. Even were the sphere filled with oil, the loss would be 
incomparably smaller than when the fluid is replaced by a gas, for in the latter case 
the force produces displacements; that means impact and collisions in the inside. · 

No matter what the pressure of the gas may be, it becomes an important factor in 
the heating of a conductor when the electric density is great and the frequency very hig~. 
That in the heating of conductors by lightning discharges air is an clement of great 
importance, is almost as certain as an experimental fact. I may i'llustrate the action of the 
air by the following experiment: I take a short. tube which is exhausted to a moderate 
degree and has a platinum wire running through the middle from one end to the other. 
I pass a steady or low frequency current through the wire, and it is heated uniformly 
in all parts. The heating here is due to conduction, or frictional losses, and the gas 
around the wire has - as far as we can see - no function to perform. But now let me 
pass sudden discharges, or a high frequency current, through the wi re. Ag:iin the wicc 
is heated, this time principally on the ends and least in the middle portion; and if the 
frequency of the impulses, or the rate of change, is high enough, the wire might ~~ 
well be cut in the middle as not, for practically all the heating is due to the rarefied 
gas. Here the gas might only act as a conductor of no impedance diverting the current 
from the wire as the impedance of the latter is enormously increased, and merely heating 
the ends of the wire by reason of their resistance to the passage of the discharge. But it is 
not at all necessary that the gas in the tube should be condpcting; it might be at an 
extremely low pressure, still the ends of the wire would be heated - as, however, is 
ascertained by experience- only the two ends would in such case not be electrically con
nected through the gaseous medium. Now what with these frequencies and potentials oc
curs in an exhausted tube occurs in the lightning discharges at ordinary pressure. We only 
need remember one of the facts arrived at in the course of these investigations, namely, 
that to impulses of very high frequency the gas at ordinary pressure behaves much in 
the same manner as though it were at moderately low pressure. I think that in lightning 
discharges frequently wires or conducting objects arc volatilized merely because air i5 
present, and that, were the conductor immersed in an insulating liquid, it would l::c 
safe, for then the energy would have to spend itself somewhere else. From the behavior 
of gases to sudden impulses of high potential I am led to conclude that there can be nu 
surer way of diverting a lightning discharge than by affording it a passage througft 
a volume of gas, if such a thing can be done in :1 practical manner. 

There are two more features upon which I think it necessary to dwell in conneCtion 
with these experiments - the "radiant state" and the "non-striking vacuum". 

Any one who has studied Crookes' work must have received the impression that 
the "radiant state" is a property of the gas inseparably connected with· an extremely 
high degree of exhaustion. But it should be remembered that the phenomen:t observed 
in an exhausted vessel are limited to the char:tcter and capacity of the apparatus which 
is made use of. I think that in a bulb a molecule, or atom, does not precisely move in 
a straight line because it meets no obstacle, but because the velocity imparted to it is 
sufficient to propel it in a sensibly straight line. The mean free pa1h is one thing, 
but the velocity - the energy associated with the moving body - is another, and under 
ordinary circumstances I believe that it is a mere question of potential ar speed. 
A disruptive discharge coil, when the potential is pushed very far, excites phosphorescence 
and projects shadows, at comparatively low degrees of exhaustion. In a lightning 
discharge, matter moves in straight lines at ordinary pressure when the mean free path 
is exceedingly small, and frequently images of wires or other metallic objects have been 
produced by the particles thrown off in straight lines. 
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I have prepared a bulb to illustrate by an experiment the correctness of these 
a.ssertions. In a glo?e L (F!g. 31 ), I have. mounted upo:J a lamp filament f a piece of 
ltme /. The lamp fJ!ament tS connected With a wire which leads into the bulb, and the 

general construction of the latter is as indicated io 
fig. 19, before described. The bulb being suspend . 
ed from a wire coooected to the terminal of the 
coil, and the btter being set to work, the lii':le 
piece I and the projecting parts of the filanle!Ot 
f are bombarded. The degree of exhaustion is jusc 
such. ~hat with the potential the coil is capable 
of gi~mg phosphorescence of the glass is produced, 
but disappears as soon as the vacuum is impaired. 
The lime containing moisture, and moisture beine 
given off as soon as heating occurs, the phos-: 
phorescence lasts only for a few moments. \'V'hc!n 
the lime has been sufficiently heated, enough 
m:>isture has been given off to impair materiailv 
tl1e ·vacuum of the bulb. As the bombardmen.! 
goes on, one point of the lime piece is more heat~d 
than other points, and the result is that finally 
practically all the ·discharge passes through that 
point which is intensely heated, and a whit~ 
stream of lime particles (fig. 31) til en breaks 
forth from that point. TI1is stream is composed 
of "radiant" matter, yet the degree of exhaustion 

Fis. 31. is low. But the particles move in straiel!t line> 
because the velocity imparted to tilem is grea•, 

and th is is due to three causes - to the great electric density, the high temperature of 
the small point, and the fact that the particles of the lime arc easily torn and tilrown 
off - far more easily than those of carbon. With frequencies such as we are able te 
obtain, the particles arc bodily thrown off and projected to a considerable distance, 
but with sufficiently high frequencies no sud1 tiling would occur: in such case o~ly 
a stress would spread or a vibration would be propagated through the bulb. It would 
be out of tile question to ream any such frequency on the assumption that the atoms 
move with the speed of light; but I believe that such a thing is impossible; for thi~ 
an enormous potential would be required. With potentials which we arc able to obtain, 
even with a disruptive d ischarge coil, the speed must be quite insignificant. 

As to the "non-striking vacuum", the point to be noted is that it can occur only 
with low frequency impulses, and it is necessitated by the impossibility of carrying ofi 
enough energy with such impulses in high vacuum since the few atoms which arc around 
the terminal upon coming in contact witil the same arc repelled and kept at a distance 
for a comparatively long period of time, and not enough work can be performed to 
render tile effect perceptibl.c to the eye. If the difference of potential between th~ 
terminals is raised, tl1e dielectric breaks down. But with very high frequency impulses 
there is no necessity for such breaking down, since any amount of work can be performeci 
by continually agitating the :ttorns in the exhausted vessel, provided tl1e frequency ;s 
high enough. It is easy to reach - even with frequencies obtained from an alternator 
as here used - a stage at which the discharge does not pass between two electrodes 
in a narrow tube, each of these being connected to one of the terminals of the coil, but 
it is difficult to reach a point at which a lun1inous discharge would not occur around 
each electrode. 
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A thought which naturally presents itself in connection with high frequency 
currents, is to make use of their powerful electro-dynamic inductive action tq produce 
light effects in a sealed glass globe. The leading-in wire is one of the defects of the 
present incandescent lamp, and if no other improvement were made, that imperfection 
at least should be done away with. following this thought, I have carried on experiments 
in various directions, of which some were indicated in my former paper. I may here 
mention one or two more lines of experiment which have been followed up. 

Many bulbs were constructed as shown in Fig. 32 and Fig. 33. 
In fig. 32 a wide tube T was sealed to a smaller W-shaped tube U, of. phos

phorescent glass. In the .tube T was placed a coil C of aluminium wire, the ends of 
whidt were provided with small spheres t and 11 of aluminium, and reached into the 
U tube. The tube T was slipped into a socket containing a primary coil through which 
usually the discharges of Leyden jars were directed, and the rarefied gas in the small U 
tube was excited to strong luminosity by the high-tension currents induced in the 

Fig. 32. I'ig. 33. 

coil C. \'V'hen Leyden jar discharges were used to induce currents in the coil C, it was 
found necessary to pack the tube T tightly with insulating powder, as a disdtarge would 
occur frequently between the turns of th·c coil, especially when the prim:uy was thick and 
the air gap, through which the jars discharged, large, and no little trouble was 
experienced in this way. 

In fig. 33 is illustrated another form of the bulb constructed. In .this case a tube 
T is scaled to a globe L. 11te tube contains a coil C, the ends of which pass through 
two small glass tubes I and t 1, which are scaled to the tube T. Two refractory buttons m ami 
1111 are mounted on lamp filaments which are fastened to the ends of the wires passing 
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through the glass tubes 1 t~nd t 1 . Generally in b1,1lbs m~de on this plan the globe !. 
communicated with the tube T. For this purpose the ends of the small tubes t and t 1 
were just a trifle heated in the burner, merely to hold the . wires, but not to interfere 
with the conununication. The tube r; · with the small tubes, wires through the same, 
and the refractory buttons 111 and m1, was first prepared, ~nd then sealed to globe L, 
whereupon the coil C was slipped in and the connections made to its ends. The tube 
was then packed with insulating powder, j~mming the latter as tight as possible up 
to very nearly the end, then it was closed and only a small hole left through which 
the remainder of the powder was introduced, and finally the end of the tube was 
closed. Usually in bulbs constructed as shown in Fig. 33 an aluminium. tube (t was 
fastened to the upper end s of each of the tubes t and 11, in order to protect that entl 
against the heat. The buttons m and m1 could be brought to any degree of incandescence 
by passing the discharges of Leyden jars around the coil C. In such bulbs with two 
buttons a very curious effect is produced by . the formation of the shadows of each of 
the two buttons. 

Another line of experiment, which has been assiduously followed, was to indure 
by electro-dynamic induction a current or luminous discharge in an exhausted tube or 
bulb. This matter has received such able treatment at the hands of Prof. J. J. Thomson 
that I could add but little to what he has made known, even had I made it the special 
subject of this lecture. Still, since experiences in this line h~ve gradually led me to the 
prt-sent views and resUlts, a few words must be devoted here to this subject. 

It h:IS occurred, no do'ubt, to many that as a vacuum tube is made longer the 
electromotive force per unit length of the tube, necessary to pass a luminous discharp,c 
through the latter, gets continually sm~ller; therefore, if lhe exh~usted tube be made 
long enough, even with low frequencies a luminous discharge could be induced in 
such a tube closed upon itself. Such a tube might be placed around a hall or on a ceiling, 
and at once a simple appliance capable of giving considerable light would be obtained. 
But this would be an appliance hard to manufacture ~nd extremely unmanageable. It 
would not do to make the tube up of small lengths, because there would be with ordinarr 
frequencies considerable loss in the coatings, and besides, if coatings were used, it 
would be. better to supply the current directly to the tube by connecting the coatings 
to a transformer. But even if all objections of such nature were removed, still, with 
low frequencies the light conversion itself would be inefficient, as I have before stated. 
In using extremely high frequencies the length of the second~ry - in other words, 
the size· of the vessel - can be reduced as far as desired, and the efficiency of the light 
conversion is increased, provided that means are invented for efficiently obtaining such 
high frequencies. Thus one is led, from theoretical and practical considerations, to the 
use of high frequencies, and this means high electromotive forces and small currents 
in the prim~ry. When he works with condenser charges - and they arc the only 
means up to the present kno.wn for reaching these extreme f(equcncics - he gets t-;; 
electromotive forces of several thousands of volts per turn of the primary. He cannot 
multiply the electro-dynan1ic inductive effect by taking more turns in the primary, for 
he arrives at the conclusion that the best way is to work with one single turn - though 
he must sometimes depart from this rule - and he must get along with whatever 
inductive effect he .can obtain with one turn. Dut before he has long experimented with 
the extreme frequencies required to set up in a small bulb an electromotive force oi 
several .thousands of volts he ·realizes the great importance of electrostatic effects, ancl 
these effects grow relatively to the electro-dynamic in significance as the frequency is 
increased. · . 

Now, if anything is desirable in this case, it is to increase the frequency, and this 
would make it still worse for the electro-dynamic effects. On the other hand, it is easy 
to exalt the electrostatic action as far as one likes by taking more turns on the secondary, 
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or combining self-induction and capacity to raise the potential. It should also he 
remembered that, in reducing the current to the smallest value and increasing the 
potential, the electric impulses of high frequency can be more easily transmitted through 
a conductor. 

These and similar thOlights determined me to devote more attention to the 
electrostatic phenomena, and to endt<avor to produce potentials as high as possible, and 
alternating as fast as they could be made to alternate. I then fo·und that I could excite 
vacuum tubes at considerable distance from a conductor connected to a properly 
constructed coil, and that I could, by converting the oscillatory current of .a ~ondenser 
to a higher potential, establish electrostatic alternating fields whid1 acted through the 
whole extent of a room, lighting up a tube no matter where it was held in space. 
I thought I recognized that I had made a step in advance, and I have persevered in this 
line; but I wish to. say that I share with all lovers of science and progress the one and 
only desire - to reach a result of utility to men in any direction to whidl thought or 
experiment may lead me. I think that this departure is the right one, for I cannot sc::, 
from the observation of the phenomena which manifest themselves as the frequency i~ 
increased, what there would remain to act between two. circuits conveying, for instance, 
impulses of several hundred millions per · second, except electrostatic forces. Even with 
such trifling frequ·encies the energy would ·be practically all potential, and my conviction 
has grown strong that, to whatever kind of motion light may be due, it is produced by 
tremendous electrostatic stresses vibrating with extreme rapidity. 

or all these phenomena observed with . currents, or electric impulses, of high 
frequency, the most fascinating for an audience arc certainly those which arc noted 111 an 
electrostatic field acting through considerable distance, and the best an unskilled lecturer 
can do is to · begin and finisli with the exhibition of these singular effects. I take a 
tube in the hand and move it abo'ut, and it is lighted wherever I may hold it; throughout 
space the inviSible forces act. But I may take another tube and it might not light, :the 
vacuum being very high. I excite it by means of a disruptive discharge coil, and 'now it 
will light in the electrostatic field. I may put it away for a few weeks or months, still it 
retains the faculty of being excited. \Xfhat change have I produced in the tube in the act of 
exciting it? If a motion imparted to the atoms, it is difficult to perceive how it can 
persist so long without being arrested by frictional losses; and if a strain exerted in the 
dielectric, sudl as a simple electrification . would produce, it is easy to see how it may 
pers:.St indefinitely but very difficult to understand why such a condition should aid th<! 
excitation when we have to deal with potentials which :ue rapidly alternating. 

Since I have exhibited these phenomena for the first time, I have obtained some 
other interesting effects. For instance, I have produced the incandescence of a button, 
fibment, or wire enclosed in a tube. To get to this result it was necessuy to economize 
the energy whid1 is obtained from the field · and direct most of it on the small body 
to be rendered incandescent. At the beginning the task appeared diffic'ult, but the 
experiences gathered permitted me to reach the result easily. In Fig. 34 and Fig. 3) 
two such tubes are illustrated which are prepared for the occasion. In Fig. 34 a short 
tube 1'1, scaled to another long tube T, is provided with a stem s, with a platinum wire 
scaled in the latter. A very thin lamp filament I is fastened to this wire, and connection 
to the outside is .inade through a thin copper wire w. The tube is provided with outside 
and inside coatings, C and C1 respectively, and is filled as far as the coatings reach with 
conducting, and the space above with insulating powder. These coatings are merely used 
to enable me to perform two experiments with the ·tube - namely, to produce the effect 
desired either by direct connection of the body of the experimenter or of another body 
to the wire tv, or by acting inductively through the glass: TI1e stem s is provided with 
an aluminium tube a, for purposes before explained, and only a small part of the filament 
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reaches out of this tube. By holding the tube T 1 anywhere in the electrostatic field the 
filament is rendered incandescent. 

A more interesting piece of apparatus is illustrated in Fig. 35. The constructior~ 
is the same as before, only instead of the lamp filament a small plati nun~ wire p, s_eale_cl 
in a stem s, and bent above it in a ci rcle, is connected to the copper wtre 111, whrch IS 

joined to an inside coating C. A small stem s1 is provided with a needle, on the point 
of which is arranged to rotate very f recly a very light fan of mica 11. To prevent th_e _fan 
from falling out, a thin stem of glass g is bent properly and ~ast~ned to the ~lumrm~m 
tube. When the glass tube is held anywhere in the electrostatic f1eld the platmum wrre 
becomes incandescent, and the mica vanes arc rotated very fast. 

Intense phosphorescence may be excited 

• 

in a bulb by merely connecting it to a pbte 
within the field, and the plate need not bl' 
any larger than an ordinary lamp shade. The 
phosphorescence excited with these currents 
is incomparably more powerful than with 
ordinary appautus. A small phosphorescent 
bulb, when attached to a wire connected t•; 
a coil, emits sufficient light to allow reading 
ordinary print at a distance of five to six 
paces. It was of interest to sec how some 
of the phosphorescent bulbs of Profcssc.r 
Crookcs would behave wi th these current.;, 
and he has had the kindness to lend me a 
few for the occasion. The effects produced 
are magnificent, especially by the sulphide 
of calcium and sulphide of zinc. From !he 
disruptive discharge coil they glow intensely 
merely by holding them in the hand ~nd 
connecting the body to the terminal of the 
coil. 

To whatever results investigations of 
this kind may lead, their chief interest lies 
for the present in the possibilities they offer 

for the production of an efficient illumina!
ing device. In. no brancl1 of electric industry 

Fig. 34. Fig. 35. is an advance more desired than in the 
m:mufacture of light. Every thinker, when 
considering the barbarous methods employed, 

the deplorible losses incurred in our best systems of light production, must have 
asked himself, \'qhat is likely to be the light of the future? Is it to be an incandescent 
solid, as in the present lan1p, or an incandescent gas, or a phosphorescent body, or 
something like a burner, but incomparably more efficient? 

TI1ere is little chance to perfect a gas burner; not, perhaps, because human ingenuit:1 
h:~s bce.n bent upon that problem for centuries without a radical departure having been 
m:~de - though this argument is not devoid of force - but bccansc in a burner the 
higher vibrations can never be reached except by passing tll!ough all the low ones. 
For how is a flame produced unless by a fall of lifted weights? Such process cannot 
be maintained without renewal, and renewal is repeated passing from low to high 
vibrations. One way only seems to be open to improve a burner, and that is by tryin!; 
to reach higher degrees of incandescence. Higher incandescence is equivalent to a 
c1uickcr vibration; that means more light from the same material, and that, again, means 
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more economy. In this dirc:ction some improvements have been made, but the progress 
is hampered by many limitations. Discarding, then, the burner, there remain the th~ee 
ways first mentioned, which arc essentially electrical. 

Suppose the light of the immediate future to be a solid rendered incandescent by 
electricity. Would it not seem that it is better to employ a small button than a frail 
filament? From many consideritions it certainly must be concluded that a button is 
capable of a higher economy, assuming, of course, the difficulties connected with the 
operation 'of such a lamp to be effectively overcome. But to light such a lamp we 
require a high potential; and to get this economically we must use high frequencies. 

Such considerations apply even more to the production of light by the incandescence 
of a gas, or by phosphorescence. In all cases we require high frequencies and high 
potenti:tls. These thoughts occurred to me a long time ago. 

Incidentally we gain, by the usc of very high frequencies, many adv:tntages, such 
as a higher economy in the light production, the possibility of working with one lead, 
the possibility of doing away with the le:tding-in wire, etc. 

The question is, how far can we go with frequencies? Ordinary conductors 
rapidly lose the facility of transmitting electric impulses when the frequency is greatly 
increased. Assume the means for the production of impulses of very great frequency 
brou.ght to the utmost perfection, every one will naturally ask how to transmit them 
when the necessity arises. In transmitting such impulses through conductors we must 
remember that we have to deal with prcssrtt·e :tnd flow, in the ordinary interpretation 
of these terms. Let the pressure increase to an enormous value, and let the flow 
correspondingly diminish,- then such impulses - vari:ttions merely of pressure, as it 
were - c:tn no doubt be transmitted through a wire even if their frequency be many 
hundreds of millions per second. It would, of course, be out of question to transmit 
such impulses through a wire immersed in a .gaseous medium, even if the wire were 
provided with a thick and excellent insulation for most of the ener.gy would be lost in 
molecular bombardment and consequent heating. TI1e end of the wire connected to !he 
source would be heated, and the remote end would receive but a triflin.g part of the 
ener.gy supplied. The prime necessity, then, if such electric imp·ulses are to be used, 
is to find means to reduce as much as possible the dissipation. 

The first thou.ght is, employ the thinnest possible wire surrounded by the thickest 
practicable insulation. TI1e next thought is to employ -electrostatic screens. TI1e insulation 
of the wire may be covered with a thin conducting coating and the latter connected 
to the .ground. But this would not do, as then all the ener.gy would pass throu.gh the 
conducting coating to the ground and nothing would get to the end of the wire. If 
a ground connection is made it can only be made through a conductor offering an 
enormous impedance, or through a condenser of extremely small capacity. TI1is, howC\'er, 
docs not do away with other difficulties. 

If the wave length of the impulses is much smaller than the length of the wir.t~, 
then corresponding short waves will be sent up in the conductin.g coating, and 'it will 
be more or less the s:une as though the coating were directly connected to earth. It is 
therefore necessary to cut up the coating in sections much shorter than the wave length. 
Such an arr:tngement docs not still afford a perfect screen, but it is ten thousand times 
better than none. I think it preferable to Cllt up the conducting coating in small sections, 
C\'en if the current waves be much longer than the coating. 

If a wire were provided with a perfect electrostatic screen, it would be the same 
as though all objects were removed from it at infinite distance. The capacity would 
then be reduced to the capacity of the wire itself, which would be very small. It would 
then be possible to send over the wire current vibrations of very high frequencies at 
enormous distance without affecting greatly the character of the vibrations. A perfect 
screen is of course out of the question, but I believe that with a screen such as I ha,;e 
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just described telephony could be rendered practicable across the Atlantic. Accord;ng 
to my ideas, the gutta-percha covered wire should be provided with a third conducting 
coating subdivided iri sections. On the top of this should be again placed a layer of 
<,:Utta-percha and ether insulation, and on the top of the whole the armor. But such 
cables will not be constructed, for ere long intelligence - transmitted without wires -
will throb through the earth like a pulse through a living organism. The wonder i~ 
tho.t, with the present state of knowledge and the experiences gained, no attempt is 
being made to disturb the electrostatic or magnetic condition of the earth, and transmit, 
if nothing else, intelligence. 

It has been my chief aim in presenting these results to point out phenomena or 
( catures of novelty, and to advance ideas which I am hopeful will serve as starting 
points of new departures. It has been my chief desire this evening to entertain you 
wi th some novel experiments. Your applause, so frequently and generously accorded. 
has told me that I have succeeded. 

In conclusion, let me thank you most heartily for your kindness and attention, and 
assure you that the honor I have had in addressing such a distinguished audience, the 
pleasure I have had in presenting these results to a gathering of so many able men -
and among them also some of those in whose work for many years past I have found 
enlig!1tenment and constant pleasure - I sh:\11 never forget _ 
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ON LIGHT AND OTHER HIGH FREQUENCY PHENOMENA • 

INmODUCTORY SOME THOUGHTS ON THE EYE 

When we look at the world around us, on Nature, we are impressed with its beauty 
and grandeur. Each thing we pew:ive, though it may be vanishingly small, is in itself 
a world, that is, like the wliole of the universe, matter and force governed by .Ja.w, -·· 
a world, the cont~lation of which fills us with feelings of wonder and irresistibly 
urges us to .ceaseless thought and inquiry. But in all this vast world, of all objects our 
senses reveal to us, the most marvelous, the most appealing to our imagination, appears 
no doubt a highly developed organism, :i thinking being. If there is anything fitted to 
make us admire Nature's handiwork, it is certainly this inconceivable structure, which 
performs its innumerable motions of obedience to external influence. To understaqd its 
workings; to get a deeper insight into this Nature's masterpiece, has ever been for 
thinkers a fascinating aim, and after many centuries of arduous research men lave 
arrived at a fair understanding of the functions of its organs and senses. Again, in all 
the perfect harmony of its parts, of the parts which constitute the material or tangible 
of our being, of all its organs and senses, the eye is the most wonderful. It is the most 
precious, the most indispensable of our perceptive or directive ·organs, it is the great 
gateway through which all kpowlec;lge enters the mind. Of all our organs, it i"s the one, 
which is in the most intimate relation with that which we call intellect. So intimate 
is this relation, that it is often said, the very soul shows itself in the eye. 

It can be taken as a fact, which the theory of the action of . the eye implies, that 
for each external impression, that is, for each image produced upon the retina, the ends 
of the visual nerves, concerned in the conveyance of the impression to the mind, must 
be under a peculiar stress or in a vibratory state. It now does not seem improbable 
that, when by the power of thought an image is evoked, a distinct reflex action, no 
matter how weak, is exerted upon certain ends of the visual nerves, and therefore upon 
the retina. Will it ever be within human power to analyze the condition :of the retina 
when disturbed by thought or reflex action, by the help of some optical or other means 
of such sensitiveness, that a clear idea of its state might be gained at any time? If this were 
possible, then the problem of reading one's thoughts with precision, like the character.; 
of an open book, might be much easier to solve than many problems belonging to the 
domain of positive physical science, in the solution of which many, if not the majority, 
of scientific men implicitly believe. Helmholtz has shown that the fundi of the eye are 
themselves, luminous, and he was able to see, in total darkn·css, the movement of his 
arm by the light of his own eyes. This is one of the most remarkable experiments 
recorded in the history of science, and probably only a few men could satisfactori!~ 

• A lecture delivered before the Franklin Institute, Philadelphia, Febru:uy, 1893, and before 
the National Electric Light Association, St. Louis, March, lli93. 
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repeat it, for it is very likely, that the luminosity of the eyes is associated with uncommon 
activity of the brain and grea t imaginative power. It is fluorescence of brain action, 
as it were. 

Another fact having a bearing on this subject which has probably been noted by 
many, since it is stated in popular expressions, but which I cannot recollect to have 
found chronicled as a positive result of observation is, that at times, when a sudden 
idea or image presents itself to the intellect, there is a distinct and sometimes painfu; 
sensation of luminosity produced in the eye, observable even in broad daylight. 

The saying then, that the soul shows itself in the eye, is deeply founded, and we 
feel that it expresses a great truth. It has a profound meaning even for one who, like 
a poet or artist, only following his inborn instinct or love for Nature, finds delight in 
aimless thoughts and in the mere contemplation of natuml phenomena, but a sti ll more 
profound meaning for one who, in the spirit of positive scientific investigation, seeks 
to ascertain the causes of the effects. It is principally the natural philosopher, the 
physicist, for whom the eye is the subject of the most intense admiration. 

Two facts about the eye must forcibly impress the mind of the physicist, 
notwithstanding he may think or say that it is an imperfect optical instrument, forgetting, 
that the very conception of that which is perfect or seems so to him, l)as been gained 
through this same instrument. First, the eye is, as far as our positive knowledge goes, 
the only organ which is directly affected by th:~t subtile mediW11, which as science 
teaches us, must fill all sp:1ce; secondly, it is the most sensitive of our organ;, 
incomparably more sensitive to external impressions than any other. 

TI1e organ of hearing implies the impact of ponderable bodies, the organ of sme!l 
the tr:tnsference of detached material particles, and the organs of taste, and of touch or 
force, tl1e direct contact, or at least some interference of ponderable matte~, nnd this is 
true even in those instances of animal organisms, in which some of these organs ar~ 
developed to a degree of truly marvelous perfection. This being so, it seems wonderful 
that the organ of sight solely should be capable of being stirred by that, which all our 
other organs are powerless to detect, yet which plays an essential part in all n:1tural 
phenomen:1, which transmits all energy and sustains all motion and, that most intricat~ 
of all, li fe, but which has properties such that even a scientifically train<:!d mind cannot 
help drawing :1 distinction between it and all that is called matter. Considering merely 
this, and the fact thnt tl1e eye, by its marvelous power, widens our otherwis·e very 
n:urow range of perception far beyond the limits of the small world which is our own, 
to embrace myriads of other worlds, suns and stars in tl1c infinite depths of the univecse, 
would make it justifiable to assert, th:1t it is an organ of a higher order. Its pcrform:mc~ 
arc beyond comprehension. Nature as far as we know never produced anything mor.: 
wonderful. We can get barely a faint idea of its prodigious. power by analyzing whal 
it does and by comparing. When ether waves impinge upon the human body, they 
produce the sensations of warmth or cold, pleasure or pain, or perhaps other sensations 
of which we are not :1ware, and any degree or intensi ty of thes·e sensations, which 
degrees are infinite in number, hence an infinite number of distinct sensations. But our 
sense of touch, or our sense of force, cannot reveal to us tl1ese differences in degree or 
intensity, unless they :uc very great. Now we can readily conceive how an organism, 
such as the human, in the eternal process of evolution, or more philosophic:~lly speaking, 
adaptation to Nature, being constrained to the use of only the sense of touch or force, 
for instance, might develop this sense to sud1 a degree of sensitiveness or perfection, 
that it would be capable of distinguishing the minutest differences in the temperature 
of a body even at some distnnce, to a hundredth, or thousandth, or millionth part of 
a degree. Yet, even tl1is apparently impossible performance would not begin to compare 
with thlt of the eye, which is capable of distinguishing and conveying to the mind in 
a single instant innumerable peculiarities of the body, be it in form, or color, or other 
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respects. TI1is power of the eye rests upon two things, namely, the rectilinear propagation 
of the disturbance by which it is effected, and upon its sensitiveness. To say that the: 
eye is sensitive is not saying anything. Compared with it, all other organs are 
monstrously crude. TI1e organ of smell which guides a dog on the trail of a deer, t.~:: 
organ of touch or force which guides an insect in its wanderings, the organ of hearing, 
which is affected by the slightest disturbances of the air, arc sensitive organs, to b:: 
sure, but what arc they compared with the human eye! No doubt it responds to the 
faintest echoes or reverberations of the medium; no doubt, it brings us tidings from 
other worlds, infinitely remote, but in a language we cannot as yet always understand. 
·And why not? Because we live in a medium filled with air and other gases, vapo~ 
and a dense mass of solid particles flying about. These play an important part in many 
phenomena; they fritter away the energy of the vibrations before they can reach the 
eye; they too, are the carriers of germs of destruction, they get into our lungs and otheL 
organs, clog up the d1annels and imperceptibly, yet inevitably, arrest the stream of life. 
Could we but do away with all ponderable matter in the line of sight of the telescope. 
it would reveal to us undreamt of marvels. Even the unaided eye, I think, would he 
capable of distinguishing in the pure medium, small objects at distances measureJ 
probably by hundreds or perhaps thousands of miles. 

But there is something else about the eye which impresses us still more than these 
wonderful features which we observed, viewing it from the standpoint of a physici.<t, 
merely as an· optical instrument, - something which appeals to us more than its 
marvelous faculty of being ~iredy affected by the vibrations of the medium, without 
interference of gross matter;· and more than its inconceivable sensitiveness and discerning 
power. It is ~ts significance in the processes of life. No matter what one's views on 
nature and life may be, he must stand amazed when, for the first time in his thought;, 
he realizes the importance of the eye in the physical processes and mental performance; 
of the human organism. And how could it be otherwise, when he realizes, that the C}'e 
is the me:ms through which the human race has acquired the entire knowledge it 
possesses, that it controls all our motions, more still, and our actions. 

There is no way of acquiring knowledge except through the eye. What is the 
foundation of all philosophical systems of ancient and modern times, in fact, of all ~he 
philosophy of man? I am, I tbink; I think, tberefore I am. But how could I think and 
how would I know that I exist, if I had not the eye? For knowledge involve:; 
consciousness; consciousness involves ideas, conceptions; conceptions involve pictures or 
images, and images the sense of vision, and therefore the organ of sight. But how abom 
blind men, will be asked? Yes, a blind man may depict in magnificent poems, form' 
and scenes from real life, from a world he physically does not see. A blind man may 
touch the keys of an instrument with unerring precision, may model the fastest boat, mly 
discover and invent, calculate and construct, may do still gr(\ater wonders - but all the 
blind men who have done such things have descended from those who had seeing eyes. 
Nature may reach the same result in many ways. Like a wave in the physical world, ir, 
the infinite ocean of the medium which pervades all, so in the world of organism~. 
in life, an impulse started proceeds onward, at times, may be, with the speed of light, at 
times, again, so slowly that for ages and ages it seems to stay, passing through processes 
of a complexity inconceivable to men, but in all its forms, in all its stages, its ·energy 
ever and ever integrally present. A single ray of light from a distant star falling upon 
the eye of a tyrant in by-gone times, mly have altered the course of his lif.e, may have 
changed the destiny of nations, may h:~\·e transformed the surface of the globe, so 
intricate, so inconceivably complex arc the processes in Nature. In no way can we get 
such an overwhelming idea of the grandeur of Nature, as when we consider, that in 
accordance with the law of the conservation of energy, throughout the infinite, the 
forces are in a perfect balance, and hence the energy of a single thought may determine 
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the motion of a Universe. It is not necessary that every individual, not even that every 
generat ion or many generations, should have the physic:~! instrument of sight, in ordr: 
to be able to form images and to think, that is, form idens or conceptions; but sometim:: 
or other, during the process of evolution, the eye certainly must have existed, else 
thought, as we understand it, would be impossible; else conceptions, like spirit, intcll.ert, 
mind, call it as you may, could not exist. It is conceivable, that in some other work!, 
in some other beings, the eye is replaced by a different organ, equally or more perfcrt, 
but these beings cannot be men. · 

:N:ow what prompts us all t:> voluntary motions and actions of any kind ? Again 
the eye. If I am con5cious of the motion, I must have an idea or conception, that is. 
an image, therefore the eye. If I am· not precisely conscious of the motion, it i5, because: 
the images arc vague or indistinct, being blurred by the superimposition of many. B•.tt 
when I perform the motion, does the imptilsc which prompts me to the action come 
from wit !lin or from without? The greatest physicists have not disdained to endeavor 
to answer this and similar <jUestions and have at time~ abandoned themselves to the 
delights of pure and uiuestraincd thought. Such questions arc generally considered not 
to belong to the realm of positive physic:~! science, but will before long be annexecl 
to its domain. Helmholtz has probably thought more on life than any modern scientist. 
Lord Kelvin expressed his belief that life's process is electrical and that there is a force 
inherent to the organism and determining its motions. Just as much as I am convincr,1 
of any physical truth I am convinced that the motive impulse must come from th~ 
outside. For, consider the lowest organism we know - and there arc probably many 
lower ones - an aggregation of a few cells only. If it is capable of voluntary . motion 
it can perform ~n infinite number of motions, all definite and precise. But now n 
mecl1anism consisting of a finite number of parts and few at that, c.nnnot perform nn 
infinite number of definite motions, hence the impulses which govern its 1novements 
must con~c from the envi ronment. So, the atom, the ulterior element of the Universe's 
structure, is tossed about in space eternally, a play to external influences, like a boat iu 
a troubled sea. \Y/ere it to stop its motion it 111011ld die. Matter at rest, if .such a thin.!) 
could exist, would be matter dead. Death of mltter! Never has a sentence of deeper 
philosophical meaning been uttered. This is the way in whicl1 Prof. Dewar forcibly 
expresses it in the description of his admirable experiments, in which liquid oxygen ir. 
hz:-~dled as one handles water, and ~ir at ordinary pressure is made to condense and 
c·.•cn to solidify by the intense cold. Experiments, wh ich ·serve to illustrate, in' his 
.language, the l~st feeble manifestations of li fe, the last quiverings of matter about to 
die. But human eres shall not witness such death. There is no death of matter, fc~· 
6roughout the infinite universe, all has to move, to vibrate, that is, to li\•e. · · 

I have made the prcc~ding statements at the peri l of tread ing upon metaphysical 
ground, in my desire to introduce the subject of this lcchJrc in a manner not. altogcthcl' 
uninteresting, I may hope, to an audience sucl1 as I have the honor to address. But now, 
then, returning to the subject, this divine organ of sight, this indispensable instrument 
for thoug:lt and all intellectual enjoyment, which lays open to us the marvels of thi:; 
universe, through which we have acquired what knowledge we possess, and which 
prompts us to, and controls, all our physical and mental ?.ctivity. By what is it affected? 
By light! What is light? 

\Yie h:wc witnessed the g rent strides which have been made in all departments n~ 
science in l'cccnt years. So great have bee11 the advances that we cannot refrain from 
asking ourselves, Is this all true, or is it but a dream? Centuries ago men have lived, 
have thought, discovered, invented, and have believed that they were soaring, while 
th!!y were merely proceeding at a snail's pace. So we too may be mistaken. But taking 
the truth of the observed events ~s one of the .implied facts of science, we must rejoic<' 
in the immense progress already made ~nd still more in the anticip~tion of what must 
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come, judging from the possibilities opened up by modern research. There is, however, 
an advance which we have been witnessing, which must be particularly gratifying. to 
every lover of progress. It is not a discovery, or an invention, or an ad1ievement in any 
particular direction. It is an advance. in all directions of scientific thought and experimen' . 
I mean the generalization of the natural forces and phenomena, the looming up· of ~ 
certain broad idea on the· scientific horizon. It is this idea which has, however, lon.t: ap.v 
taken possession of the most advanced minds, to whid1 I desire to call your attentio.,, 
and which I intend to illustrate in a general way, in thcsc·cxperiments, as the first step 
in answering the question "What is light?" and to r.ealize the modern meaning of 
this word. 

It is beyond the scope of my lecture to dwell upon the subject of light in gener.,I, 
my object being merely to bring presently to your notice a certain class . of light effec>s 
and a number of phenomena observed in pursuing the study of these effects. But to h~ 
consistent in my remarks it is necessary to state that, according to that idea, now 
accepted by the majority of scientific men as a positive result of theoretical and 
experimental investigation, the various forms or manifestations of energy which we:c 
generally designated as "electric" or more precisely "electromagnetic" are ener,t;)' 
manifestations of the same nature as those of radiant heat and light. Therefore th~ 
phenomena of light and heat and others besides these, may be called electrical phenomena. 
Thus electrical science has become the mother science of all and its study has become :1li 
important. The day when we shall know exactly what "electricity" is, will chronicle an 
event probably greater, . more important than any other recorded in the history of th~ 
human ra.ce. The time. will come when the comfort, the very existence, perhaps, flt 
man will depend upon that wonderful agent. For our existence ·and comfort we reguire 
he:1t, light and mechanical power. How do we now get all these? \Y/e get them from 
fuel, we get them by consuming material. \Y/hat will man do when the forests 
disappear, when the coal fields arc exhausted? Only one thing, according to our present 
knowleqge will remain; that is, to transmit power at great distances. Men will go ro 
the w:1terfalls, to the tides, which are the ·stores of an infinitesimal part of Nature's 
immeasurable energy. There will they harness the energy and tmnsmit"the same to their 
settlements, to warm their homes by, to give them light, and to keep their obedient 
slaves, the machines, toiling. But how will they transmit this energy if not by electricity' 
Judge then, if the comfort, nay, the very existence, of man will not depend on clectrictty. 
I am aware that this view is not that of a practical engineer, but neither is it th~t 
of an illusionist, for it is certain, that power transmission, which at present is merely 
a stimulus to enterprise, will some day be a dire necessity. 

It is more important for.the student, who takes up the study of light phenomena, 
to make himself .thoroughly acquainted with certain modern views, than to peruse entire 
books on the subject of light itself, as disconnected from these views. Were I therefort: 
to make these demonstrations before students seeking information - and for the sa!:e 
of the few of those who may be present, give me leave to so assume - it would bt 
my principal endeavor to imoress these views upon their minds in this series of 

• • • expenments. 
It might be sufficient f~r this purpose to perform a simple and ~ell-known 

experiment. I might take a familiar appliance, a Leyden jar, charge it from a frictional 
machine, and then discharge it. In explaining to you its permanent state when charged, 
and its transitory condition \vhen discharging, calling your attention to the forces which 
enter into play and to the various phenomena they produce, and pointing out the rebtion 
of the forces and phenomena, I might fully succeed in illustrating that modern idc:.t. 
No doubt, to the thinker, this simple experiment would appeal as r:1uch as the most 
magnificent display. But this is to be an experimental demonstration, and one which 
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should possess, besides instructive, also entertamtng features and as such, a simple 
experiment, such as the one cited, would not go very f:~r towards the attainment of th!! 
lecturer's aim. I must therefore choose. another way of illustrating, more spectacular 
certainly, but perhaps also more instructive. Instead of the frictional machine an,i 
Leyden jar, I shall avail myself in these experiments, .:Jf an induction coil of peeuli:H 
properties, which was described in detail by me in a lecture before the London Institution 
of Electrical Engineers, in Feb., 1892. This induction coil is capable of yielding currents 
of enormous potential differences, alternating with extreme rapidity. With this :tpparatn~ 
I sh:~ll endeavor to show you lhrec distinct chsscs of effects, or phenomena, :md it is 
my desi re th:~t ead1 experiment, while serving for the purposes of illustr:~tion, shoul<i 
at the same time teach us some novel truth, or show us some novel aspect of this 
fascin:~ting science. But before doing this, it seems proper :~nd useful to dwell upon 
the apparatus employed, :tnd method of obtaining the high potenti:~ls :~nd high-frequenL} 
currents which nre mnde use of in thes~ experiments. · 

ON THE APPARATUS AND METHOD OF CONVERSION. 

TI1ese high-fre<juency currents :l.fC obtained in :1 pc.-culinr manner. The meth()(! 
employed was adv:~nced by me :~bout two years ago in an experiment:~\ lecture before the 
Americ:tn Institute of Electric:~l Engineers. A number of ways, as pmcticed in the 

• 

Fig. !. 

l:~boratory, of obtaining these currents either from continuous or low frequency altern:tting 
currents, is diagrammatically indicated in r:ig. 1, which will be later described in det:~il. 
The gener.:~l plan is to charge condensers, from a direct or alternate-current source, 
preferably of high-tension, and to discharge them disruptively while observing well
known conditions necessary to maintain the oscill:~tions of the current. In view of the 
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general interest. taken in high-frequency currents and effects producible by tl)71l1• it seems 
to me advisable to dwell at some length upon this method of conversion. In order to give 
you a clear idea of the action, I will suppose that a continuous-current generator is 
employed, which is often very convenient. It is desirable that the generator should possess 
such high tension as to be able te break through a small air space. If this is not the case, 
then auxiliary means have to be resorted to, some of which will be indicated subseq11ently. 
\'?'hen the condensers are charged to a certain potential, the air, or insulating space, give; 
way and a disruptive discharge occurs. There is then a sudden rush of current and 
generally a large portion of accumulated electrical energy spends itself. The condensers 
are thereupon quickly charged and the same process is repeated in more or less rapid 
succession. To produce such sudden rushes of current it is necessary to observe certain 
conditions. If the rate at which the condensers arc discharged is the same as that at 
which they are d1arged, then, clearly, in the assumed case the condensers do not come 
into play. If the rate of discharge be smaller than the rate of d1arging, then, again, the 
condensers cannot play an important part. But if, on the contrary, the rate of discharging 
is greater than that of charging, then a succession of rushes of current is obtained. It 
is evident that, if the rate at which the energy is dissipated by the discharge is very 
much greater than the rate of supply to the condensers, the sudden rushes will be 
comp:uativcly· few, with long-time intervals between. This always occurs when a condenser 
of considerable capacity is charged by_ means of a comparatively small machine. If the 
rates of supply and dissipation arc not widely different, then the n1shcs of current 
will be in quicker succession, and this the more, the more nearly equal both the rates 
arc, until limitations incident to each case and depending upon a number of causes are 
read1ed. Thus we arc able to obtain from a continuous-current generator as rapid a 
succession of discjurges as we like. Of course, the higher the tension of the generator, 
the: smaller need be the capacity of the condensers, and for this reason, principally, it 
is of adv~iltage to employ a generator of very high tension. Besides, such a generator 
permits the attaining of greater rates of vibration. 

The rushes of current may be of the same direction under the conditions before 
assumed, but most generally there is an oscillation superimposed upon the fundamental 
vibration ·of the current. \Y/hen the conditions arc so determined that there arc no 
oscillations, the current impulses are unidirectional and thus a means is provided of 
transforming ·a continuous current of high tension, into a direct cUrrent of lower tensi6b, 
which I think may find employment in the arts. 

This method of conversion is exceedingly interesting and I was mud1 impressed 
by its ·beauty when I first conceived it. It is ideal in certain respects. It involv·es the 
employment of no mechanical devices of any kind, and it allows of obtaining currents 
of :my desired frequency from atr ordinary circuit, direct or alternating. The frequency 
of the fundamental discharges depending on the relative rates of supply and dissipation 
c:tn be readily varied within wide limits, by simple adjustments of these quantities, and 
the frequency of the superimposed vibration by the determination of the capacity, 
self-induction and resistance of the circuit. The potential of the currents, again, may 
be raised as high as any ·insulation -is capable of withstanding safely by combining 
capacity and self-induction or by induction in a secondary, whidt need have but 
comparatively. few turns: 

As the conditions are often such that the intermittence or oscillation docs not 
readily establish itself, especially when a direct current source is employed, it is of 
advantage to associate an interrupter with the arc, as I have, some time ago, indicated 
the u.se of an air-bbst or magnet, or other such device readily at hand. TI1e magnet 
is employed with special advantage in. the conversion of direct currents, as it is then 
very effective. If the primary source is an alternate current generator, it is desirable, 
as I have stated on another occasion, that the frequency should be low, and that the 
current forming the arc be large, in order to render the magnet more effective. 

9. Nil:.ob Ttsb 
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A forin of ~uch discharger witi1 a magnet which has been found 'convenient, and 
adopted after some trials, in the. conversion of direct c\lrrcnts particularly, is illustrated 
in Fig. 2. N S are the pole pieces of a very strong magnet whiCh is excited by a coil c. 
The pole pieces are slotted for adjustinent and can· be fastened in any position by screws 
s s1. The discharge rods d d1, thini:Jed down on the ends in order to allow a doser 
approach of the magnetic pole pieces; pass throug~ tlie columns of brass b b1 and arc 
fastened in position by screws s2 s2 . Springs r r1 and collars . c c1 are slipped on the 
rods, the. latter serving to set the points of the rods at a certain suitable distance by 

Fig. 2. 

means of screws $3 s3, and the former to draw the points apart. \Vhen it is desired to 
start the .arc, one of the large :rubber handles h h1 is tapped quickly with the hand, 
whereby.the points of tlle rods .are brought in contact but are instantlY. separated by tlle 
springs r r 1 : Such an arrangement has been found to be often necessary, namely in cas.es 
when the E. M. F. was not large enough to cause the discharge to break through the 
gap, and also when it was desirable to avoid short circuiting of the generator .by the 
metallic contact of the rods. TI1e rapidity of the interruptions of the current with a magnet 
depends on the intensity of the magnetic field and on the potential difference at the 
end of the arc. The interruptions arc generally in such quick succession as to produce 
a musical· sound. Years ago it was observed that when a powerful induction coil is 
discl1arged between the poles of a strong magnet, the discl1arge produces a loud noise 
not unlike a small pistol shot. It was vaguely stated that the spark was intensified by 
the presence of the m:tgnetic field. It is now clear that tl1e ·discharge current, flowing 
for some time, was interrupted a great number of times by the magnet, t~us producing 
the sound. The phenomenon is especial ly marked when the , field circilit of a large 
magnet or dynamo is broken in a powerful magnetic field. 

When the current tl1rough the gap is comparatively large, it is of advantage to slip 
on the points of the discharge rods pieces of ·very hard carbon and let the arc play 
between the carbon pieces: This preserves the rods, and besides has the advantage of 
keeping the air space hotter, as the heat is not. conducted away as quickly tluough the 
carbons, and the result is that a smaller E. M. F. in the arc gap is required to maintain 
a succession of discl1arges. · 

Anotl1er form of discharger, which may be employed wjth advantage in some cases, 
is illustrated· in Fig. 3. In this form tlw discharge rods d d1 pass through perforations 
in a wooden box B, which is thickly coated with mica on the inside, as indicated by 
the heavy. lines. The perforations are provided with mica tubes m 1jr1 of some thickness, 
which arc preferably not in contact ·with the rods d dt· The· box has a cover c which is 
~. little larger and descends on the outside· of 'the· box. The spark gap is warmed by 
a small .lamp l contained in the box. A plate p above the lamp allows the draught to 

. . 
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pass only through the chimney e of. the lamp, the air entering through holes » o in or 
near the bottom of the box and following the path .indicated by the arrows. When the 
discharger is in operation, the door of the box is closed so that .the light of the arc is 
not visible outside. It is desirable to exclude the light as perfectly as possible, as it 
interferes with some experiments. This form of discharger is simple and very effective 
when properly manipulated. The air being warmed to a certain temperature, has its 
insulating power impaired; it becomes diclectrically weak, as it were, and the consequence 
is that the arc can be established at much greater distance. The arc should, of course, 
be sufficiently insulating to ailow the discharge to pass through the gap dismptively. 
The arc formed under such conditions, when long, may be made extremely sensitive, 
·and the weak draught through the lamp chimney c is quite sufficient to produce rapid 
interruptions. ):"he adjustment is made by regulating the temperature and velocity of the 
draught. Instead of using tlie lamp, it answers the purpose to provide for a draught of 
warm air in other ways. A very simple way which has been practiced is to enclose the 
arc in a long vertical tube, with plates on the top and bottom for regulating the 
temperature and velocity of the air current. Some provision had to be made for deadening 
the sound. 

The air may be rend~rcd dielectricaiiy weak also by rarefaction. Dischargers of this 
kind have likewise been used by me in connection with a .magnet. A large tube is fot 
this purpose provided with heavy electrodes of carbon or metal, between wC.ich the 
discharge is made to pass, . the tube being placed in a powerful magnetic field. The 
exhaustion of the tube is carried to a point at which the discharge bre--..ks through easily, 

fig 3. 

b~t the pressure. shoUld be more than 75 millimetres, at which the ordinary thread 
d1scharge occurs. In· another form of discharger, combining the features before mentioned, 
the discharge was made to pass between two a:djustable magP,elic pole pieces, the space 
between· them being kept at an elevated temperature. 

It should ·be remarked here that when such, or interrupting devices of any kind, 
are used :ind the fqrrents are passed through the primary of a disruptive discharge 
coil, it is not, as a rule, of advantage to produce a number of interruptions of. the 
current per second greater than the natural frequency of vibration of the dynamo supply 
circuit, which ·is ordinarily small. It should also be pointed out here, that while the 
devices mentioned in connection with the disruptive discl1:,uge arc advantageous under 
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certain conditions, they may be sometimes a source of trouble, as they produce 
intermittences and other irregularities in the vibration which if would be very desirable 
to overcome. · 

There is, I regret to say, in this beautiful method of conversion a defect, whid1 
fortunately is not vital, and which I have been gradually overcoming. I will best call 
attention to this defect and indicate a fruitful line of work, by comparing the electrical 
process with its mechanical analogue. The process may be illustrated in this manner. 
Imagine a tank with a wide opening at the bottom, which is kept closed by spring 
pressure, but. so that it snaps off sudden{y when the liquid in the tank has reached a certain 
height. Let the fluid be supplied to the tank by means of a pipe feeding at a certain . 
rate. \'V'hen the critical height of the liquid is reached, th~ spring gives way and the 
bottom of the tank drops out. Instantly the liquid falls through the wide opening, and 
the spring, reasserting itself, closes the bottom again. The tank is now filled, and after 
a certain time interval the same process is repeated. It is clear, that if the pipe feeds the 
fluid quicker than the bottom outlet is capable of letting it pass through, the bottom 
will remain off and the tank will still overflow. If the rates of supply are exactly equal, 
then the bottom lid will remain partially open and no vibration of the same and of the 
liquid column will generally occur, though it might, if started by some means. But if 
the inlet pipe does not feed the fluid fast enough for the outlet, then there will be always 
vibration. Again, in such case, each time the bottom flaps up or down, the spring and 
the liquid column, if the pliability of the spring and the inertia of the moving parts 
are properly chosen, will perform independent vibrations. In this analogue the fluid may 
be likened to electricity or electrical ener1;,>y, the tank to the condenser, the spring to the 
dielectric, and the pipe to the conductor through whid1 electricity is supplied to Lhe 
condenser. To make this analogy quite wmplete it is necessary to make the assumption, 
that the b:ottom, each time it gives way, is !:;:necked. violently against a non-elastic stop, 
this impact involving some loss of energy; and that, besides, some dissipation of energy 
results due to frictional losses. In the preceding analogue the liquid is supposed to be 
under a steady pressure. If the presence of the fluid be assumed to vary rhythmically, 
this may be taken as corresponding to the case of an alternating current. The process is 
then not quite as simple to consider, but the action is the same in principle. 

It is desirable; in· order. to maintain Lhe vibratio~ economically, to reduce the impact 
and frictional losses as much as possible. As regards the latter, which in the electrical 
:malogue correspond to the losses due to the resistance of the circuits, it is impossible 
to obviate them entirely, but they can be reduced to a minimum by a proper selection 
of the dimensions of the circuits and by the employm.ent of thin conductors in .the. form 
of strands. But the loss of energy caused by the first breaking through of the dielectric -
which in the above example corresponds to the violent knock o( the bottom against the 
inelastic stop - would be more importill!,tJO overcome. :At the moment of the breaking 
through, the air space has a very high . resistance, whid1 is probably reduced to a very 
small value when the current has reached some strength, and the space is brought to 
a high temperature. It would materially diminish the loss of energy if the space were 
always kept at an extremely high te1,11perature, but then there would be no. disruptive 
break. By warming the space model':ltely by means of a lamp ·or otherwise, the economy 
as far as the arc is concerned is sensibly increased. But tl1e magnet or other interrupting 
device does not diminish the loss in the arc. Likewise, a jet of air only facilitates· the 
carrying off of the en~rgy .. Air, or a gas in general, behaves Cliriously in :this respect. 
When two bodies · charged to a very high potential, discharge disruptively through an 
air space, any amount of energy may be carried.off by the air. TI1is energy is evidently 
dissipated by bodily carriers, in. impact and collisional losses of the molecules. The 
exdtange of .the molecules ·in the space occurs with inconceivable rapidity. A powerful 
disdtarge taking place between two electrodes, they may remain entirely cool, and yet 
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the Joss in the air may represent any amount of. energy. It is perfectly pmcticable, with 
very great potential differences in the gap, to dissipate several horse-power in the arc 
of the discharge without even · noticing a small increase in the temperature of the 
elect~odes. All the frictional losses occur then practically in the air. If the exchange of 
the air molecules is prevented, as by enclosing the air hermetically, the gas ·inside of 
the vessel is brought quickly to a high temperature, even with a very small discharge. 
It is difficult to estimate how much of the energy·is lost in sound waves, audible or not, 
in a powerful discharge. When the currents through the gap are large, the electrodes 
m:~y become rapidly heated, but this is not a reliable measure of the energy wasted in 
the nrc, as the loss through the gap itself may be comparatively small. The air or a gas 
in general is, at ordinary pressure at least, clearly not the best medium through which 
a disruptive di~charge should occur. Air or other gas under great press·ure is of course 
a mud1 more suitable medium for the discharge gap. I h:we carried on long-continued 
experiments in this direction, unfortunately less practicable on account of the difficulties 
and expense in getting air under great pressure. But even if the mediwn in the discharge 
space is solid or liquid, still the same losses take place, though they are generally 
smaller, for just as soon·.as the arc is established, the. solid or liquid is vol:ttilized. Indeed, 
there is· no body known which would not be disintegrated by the arc, and it is .an open 
question among scientific men, whether an arc discharge could . occur at all in the air 
itself without the particles of the electrodes being torn off. When the current through 
the gap is very small and the arc very long, I believe that a relatively considerable 
amount of heat is. taken up. in the disintegration of the dectrodes, which p:~rtially on 
this account. may remain quite cold. 

The ideal .medium for a discharge gap should only mrck, and the ideal electrode 
should be of some material which cannot be disintegrated. \'V'ith small currents through 
the gap it is best to employ aluminum, but not when the currents are large. TI1c disruptive 
break in the air, or more or less in any ordinary medium, is not of the nature of a crack, 
but it is rather comparable to the piercing of innumerable bullets through a mass offering 
great frictional resistances to the motion of the bullets, this involving considerable loss 
of energy. A medium which .. would merely crnck when strained electrostatically - and 
this possibly might be the case with a perfect vacuum, that is, pure ether - would 
involve a very small loss in the gap, so small as to be entirely negligible, at least 
thcoretic:~lly, because a crack may be produced by an infinit<:ly sm:Ul displacement. In 
exhausting an oblong bulb provided with two alumio'um terminals, with the greatest 
care, I have succeeded in producing such a vacuum that the secondary discharge of a 
disruptive discharge coil would break disruptively through the bulb in the form of fine 
spark streams. TI1e curious point was that the discharge would completely ignore the 
terminals and start far behind the two aluminum plates which served as electrodes. 
This extraordinary high vacuum could only be maintained for a very short while. To 
return to the ideal medium, think, for the s:lke ·of illustration, of a piece of glass or 
similar body damped in a vice, and the latter. tightened m·ore and more. At a certain 
point a minute increase of the pressure will cai1se the glass to crack. The loss of energy 
involved in splitting the glass may be prnctically nothing, for though the force is great, 
th~ displacement need be but extremely small. Now im:~gine that the glass would possess 
the property of closing again perfectly the crack upon a . minute diminution of the 
pressure. This is the way the dielectric in the discharge space should behave. But 
inas.much as there would be always some loss in .the gap, the medium, which should be 
continuous, should ·exchange through the gap at a rapid rate. In the preceding example, 
the glass being perfectly c)osed, it would mean that the dielectric in the discharge 
space possesses a great insulating powet; the glass being cracked, it would signify that 
the medium in the ~pace is a good co.1ductor. The dielectric should vary enormously 
in resistance by minute variations of the E. M. F. across the disch:~rge space. This 
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condition is attained, but in an extremely imperfect manner, by warming the air space 
to a certain critical temperature, dependent on the E. M. F. across the gap, or by otherwise 
impairing the insulating power of the air. But as a matter. of fact the air does never 
break down dismptively, if this term be rigorously interpreted, for before the sudaen 
rush of the current occurs; there is ·always a weak current preceding it, :which rises first 
gradually and then with comparative suddenness. That is the reason 'Yhy the rate of 
change is very much greater when glass, . for instance, is broken through, than when the 
break takes place through an air space of equivalent dielectric strength: As a medium 

. for the. discharge space, a solid, or even a liquid, would be preferable therefore. It is 
somewhat diffirult to conceive of a solid body which would possess the property of 
closing instantly after it has been .cracked. But a liquid, especially under great pressure, 
behaves practically like a solid, while it possesses the property of closing ·the crack. Hence 
it was thought that a liquid ins~tlator might be more suitable as a dielectric than air. 
Following out this idea, a number of different forms of dischargers in which a variety 
of such insulators, sometimes under great pressure, were employed, h;we been 
experimented upon. "It is thought sufficient to dwell in a few words upon one of the 
forms experimented upon. One of these dischargers is illustrated in Figs. 4:1 and 4b. 

A hollow metal pulley P (Fig. 4a), was fastened upon an arbor a, which by 
suit:1ble means was rotated at a considerable speed. On the inside of the pulley, but 
disconnected from the same, was supported a thin disc h (whicl1 is shown thick for the 
sake of clearness), of hard rubber in which there were embedded two metal segments 
s s with metallic extensions e. e into which were screwed conducting terminals! 1 1 
covered with thick tubes of hard rubber I 1. The rubber disc h with its metallic segments 
1 1, was finished in a lathe, and its entire surface highly polished so as to offer the 
smallest possible frictional resistance to the motion through a fluid. In the hollow of 

' 

Fig. 43. l'ig. 4b. 

the pulley an insulating liquid sud1 as a thin oil was poured so as to reach very nearly 
to the opening left in the flanee f, which was screwed tightly on the front side of the 
pulley. The terminals 1 1, were . connected to the opposite coatings of a . battery of 
condensers so that the discharge occurred through the liquid. When the pulley was 
rotated, the liquid was forced against the rim of the pulley and considerable fluid 
pressure resulted. In this simple way the discharge gap was filled with a medium whid1 
behaved practically like a solid, whid1 possessed the quality of closing instantly upon the 
occurrence of t.he break, and which moreover was circulating through the gap at a rapid 
rate. Very powerful effects were produced by discllarges of this kind with liquid 
interrupters, of which a number of different forms were made. It was found that, as 
expected, a longer spark for a given length of wire was obtainable in this way than 
by using air as an interrupting device. Ge1_1erllly the speed, and therefore also the fluid 
pressure, was limited by reason of the fluid friction, in the form of discharger described, 
but the practica.lly obtainable speed was more than sufficient· to produce a number of 
breaks suitable for the circuits ordinarily used. _In such instances the metal pulley P was 
provided with a few proJections inwardly, and a definite number of breaks was then 
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. produced which could be computed from .the speed of rotation' of the pulley. Experiments 
were also carried on with liquids of different insul:tting power with the view of reducing 
the loss in the arc. \'V'hen an insulating liquid is moderately warmed, the loss in the arc is 
diminished. · .. 

A point of some importance was noted· in ·experiments with varidus discharges of 
this kind. It was found, for instance, that whereas the conditions maintained in these 
forms were favorable for the production of a great spark length, the current so obtained 
was not best suited to the production of light effects. Experience undoubtedly has shown, 
that for such purposes a harmonic rise and fall of the potential is preferable. Be it that 
a so.Iid is rendered incandescent, or phosphorescent, or be it that energy is transmitted 
by condenser coating through the gbss, it is quite .certain that a harmonically rising and 
falling potential produces less destructive action, and that the vacuwn is more 
permanently maintained. This would be easily explained if it were ascertained that the 
process going on in an exhausted vessel is of an electrolytic nature. 

In the diagrammatical sketch, fig. 1, which has been already referred to; the cases 
which are most likely to be met with in practice are illustrated. One has at his disposal 
either direct or alternating' currents from a supply station. It is convenient for an 
experimenter ih an isolated laboratory to employ a machine G, such as illustrated, 
capable of giving both kinds of currents. In such case it is also preferable to use a 
machine with multiple circuits; as in many experiments it is useful and convenient to 
have at one's disposal currents of different phases. In the sketch, D represents the direct 
and A the alternating circuit. In each of these,· three branch circuits ·are shown, all of 
which arc provided with double line switches s .r s s s s. Consider Hrst the direct current 
conversion; 1a represents the simplest case. If .the E. M. f. of the generator is sufficient 
to break through a small air space, at least when the latter is warmed or otherwise 
rendered poorly insulating, there is no difficulty in maintaining a vibration with fair 
economy by judicious adjustment of the capacity, self-induction and resistance of the 
circuit L containing the' devices l J m. The magnet N, S, can be in this case advantageously 
combined with the air space. The discharger d d with the magnet may be placed either 
way, as indicated by the full or by the dotted lines. The circuit 1a with the connections 
and devices is supposed to possess dimensions such as arc suitable for the maintenance 
of a vibration. But usually the E. M. f. on the circuit or branch 1a will be something 
like a 100 volts or so, and in this case it is not sufficient to break through the gap. 
Many different means may be used to remedy this by raising the E. M. f. across the 
gap. The simplest is probably to insert a large self-induction coil in series with the 
circuit L. \XIhen the arc .is established, as by the discharger illustrated in fig. 2, the 
magnet blows the arc out the instant it is formed. Now the extra current of the break, 
being of high E. M. f ., breaks through tire gap, and a path of low resistance for tite 
dynamo current being again provided, there is a sudden rusb of current from the dynamo 
upon the weakening or subsidence of the extra current. This process is repeated in rapid 
succession, and in this manner I have maintained oscillation with as low as 50 volts, 
or even less, across the gap. But convcrsior on this plan is not to be recommended on 
account of the too heavy currents tiuough the gap and consequent heating of the 
electrodes; besides, the frequencies obt.1ined in this way arc low, <>Wing to the high 
self-induction necessarily associated with the circuit. It is very desirable to have the 
E. M. f. as high as possible, first, in order to increase the economy of the conversion, 
and secondly, to obtain high frequencies. The difference of potential .in this electric 
oscillation is, of course, the equivalent of the stretching force in the mechanical 
vibration of the spring. To obtain very rapid vibration in a circuit of some inertia, 
a great stretching force or difference of potential is necessary. Incidentally, when the 
E. M. F. is very great, the condenser which is usually employed in connection with the 
circuit need but have a small capacity, and many other advantages are gained. Wit!1 
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a view of raising the E. M. F. to a many times greater value than obtainable from 
ordinary distribution circuits, a rotating transformer g is used, as indicated at I Ia, Fig. 1, 
or else a separate high potential machine is driven by means of a motor opemted from 
the generator G. The latter plan 'is in fact preferable, as changes arc easier made. TI1e 
connections from the high tension winding arc quite similar to those in branch I tt with 
the exception that a condenser C, which should be adjust:tble, is connected to the high 
tension circuit. Usually, also, an adjustable self-induction coil in series with the circuit 
has been employed in these experiments. When the tension of the currents is very high; 
the magnet ordinarily used in connection with the discharger is of comparatively small 
value, as it is quite easy to adjust the dimensions of the circuit so that oscillation · is 
maintained. The employment of a s~cady E . .M. f. in the high frequency cenversion 
affords some advantages over the employment of alternating E. M. F., as the adjustments 
are much simpler and the nction can be easier controlled. But unfortun:ltely one is limited 
by the obtninable potential difference. The winding also breaks down easily in 
consequence of the . sparks which form between the sections of the armature or 
commutator when a vigorous oscillation takes place. Besides, these transformers arc 
expensive to build. It has been found by experience that it .is best to follow U1c plan 
illustrated at Ilia. In this arrangement a rotating transformer g, is employed to convert 
the low tension direct currents into low frequency alternating currents, preferably also 
of small tension. The tension of the currents is then raised in a stationary transformer 
T. The secondary s of this transformer is connected to an adjustable condenser C which 
discharges through the gap or discharger d d, placed in either of the w:~ys indicated, 
through the primary P of a disruptive clischarge coil, the high frequency current being 
obtained from the secondary s of this coil, as described on previous occasions. This 
will undoubtedly be found the cheapest and most convenient way of converting direct 
currents. 

The th ree branches of the circuit A represent the usual cases met in practice ·when 
alternating currents are converted. In fig. Ib a condenser C, generally of large capacity, 
is connected to the circuit L containing the devices I I, m m. The devices m m are 
supposed to be of high self-induction so as to bring the frequency of the. circuit morC" 
or less to that of the dynamo. In this instance the discharger d d should best have a 
number of makes and breaks per second equal to twice the frequency of the dynamo. 
If not so, then it should have at least ~ number equal to a multiple or even fraction 
of the dyn:1mo frequency. It should be observed, referring to I b, that the conversion 
to a high potential is :tlso effected when the disch:ugcr d d, which· is shown in the sketch, 
is omitted. But the effects whid1 arc produced by currents which rise instantly to high 
values, as in a disruptive discharge, are entirely different from those produced by 
dynamo currents which rise and fall harmonically. So, for instance, there might be in 
a given case a number of makes and breaks at d d equal to just twice the frequency ·of 
the dynamo, or in other words, there may be the same number of fundamental 
oscillations as would be produced without the discharge gap, and there might even not 
be any quicker superimposed vibration; yet the differences of potential tlt the various 
points of the circuit, the impedance and other phenomena, dependent upon the .rate 
of d1ange, will bear no similarity in the two cases. Thus, when working with currents 
discharging disruptively, the clement chiefly to be considered is not the frequency, as 
a student might be apt to believe, but the rate of change : per unit of time. \Vith low 
frcquencic$ in a certain measure the same effects 1n:1y be obtained as with high 
frequencies, provided the rate of change is sufficiently great. So if a low frequency current 
is raised to a potential of, say, 75,000 volts, and the high tension current passed through 
a series of high resistance lamp filaments, the importance of the rarefied gas surrounding 
the filrunent is clearly noted, as will be seen later; or, if a low frequency current of 
~c\·erll thousand run peres is passed tl1rough a metal bar, striking phenomena of impedance 
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arc observed, just as with currents of high frequencies. But it is, of course, evident that 
with low frequency currents it is impossible to obtain such rates of change per unit of 
time as with high frequencies, hence the effects produced by the latter arc much more 
prominent. It is deemed advisable to make the preceding remarks, inasmuch as many 
more recently described effects have been unwittingly identified with high frequencies. 
frequency ·atone in real ity does not mean anything, except when an undisturbed harmonic 
oscillation is considered. 

In the branch IIIb a similar disposition to that in Ib is illustrated, with the difference 
that the currents disd1arging through the gap d d are used to induce currents in the 
secondary s of a transformer T. In such case the secondary should be provided with 
an adjustable condenser for the purpose of tuning it to the primary. 

Jib illustrates a plan of alteri1ate current high frequency conversion which is most 
frequently used and which is found to be most convenient. This plan has been dwelt 
upon in detail on previous occasions and· need not be described here. . . · 

Some of these results were obtained by the use of a high frequency altern~~or. 
A description of such machines will be found in my origin~! paper before the American 
Institute of Electrical Engineers, and in periodicals of that period, notably in The 
Electrical Engineer of March 18, 1891. 

I will ~ow proceed with the experiments. . . 

ON PHENOMENA PRODUCED BY ELECTROSTATIC FORCE 

The first class of effects I intend to show you are effects produced by electrostatic 
force. It is · the force which governs the motion of the atoms, whidl causes them to 
collide and develop the life-sustaining energy of. heat and light, and which causes them 
to aggregate in an infinite variety of ways, according to Nature's fanciful designs, and 
to form all these wondrous structures we perceive around us; it is, in fact, if our present 
views be true, the most important force for us to consider in Nature. As the term 
electrostatic might imply a steady electric condition, it should be remarked, that in these 
experiments the force is not constant, but varies at a rate whidl may be considered 
moderate, about one million times a second, or thereabouts. This enables me to produce 
many effects whidl arc not producible with an unvarying force. ' 

\'V'hen two conducting bodies are insulated and electrified, we say that an 
electrostatic force is acting between them. ·This force manifests itself in attractions, 
repulsions and stresses in the bodies and space or medium without. So great may be the 
strain exerted in the air, or whatever separates the two conducting bodies, that it. may 
break dowri, and we observe sparks or bundles of light or streamers, as they arc called. 
These streamers form abundantly when the" force through the air is rapidly varying. 
I will illustrate this action of electrostatic force in a novel experiment in which I will 
employ the induction coil before referred to. The coil is contained in a trough filled 
with oil, and placed under the table. The two ends of the secondary wire pass through 
the two thick columns of hard rubber which "protrude to some height above the table. 
It is necessary to insulate the ends or terminals of the secondary heavily with hard 
rubber, because even dry wood is by far too poor an insulator for these currents of 
enormous potential differences. On one of the terminals of the coil, I have placed 
a large sphere of sheet brass, which is connected to a larger insulated brass plate, in 
order to enable me to perform the experiments under conditions, which, as you will 
see, arc more suitable for this experiment. I now set the coil to work and approach the 
free terminal with a metallic object held in my hand, this simply to avoid burns. 
As· I approach the metallic object to a distance of eight or ten inches, a torrent of 
furious ·sparks breaks forth from the end of the secondary wire, which pass·es throug!1 



L-122 

the rubber column. The sparks cease when the metal in my hand louches the wire. My 
arm is now traversed by .a powerful electric current, vibrating at about the rate of one 
mill1on times a second. All around me the electrostatic force makes itself felt, and the 
air molecules and particles of dust flying . about are acted upon and are hammering 
violently against my body. So great is th is agitation of the particles, that when the lights 
are turned out you may see streams of feeble light appear on some parts of my body. 
When such a streamer breaks out on any part of the body, it produces a sensation like 
the pricking of a needle. Were the potentials sufficiently high and the frequency of the 
vibration rather low, the skin would probably be ruptured under the tremendous strain, 
and the blood would rush out with great force in the form of fine spray or jet so thin 
as to be invisible, just as oil will when placed on the positive terminal of a Holtz 

machine. The breaking through of the skin 
though it. may seem impossible . at first, · 
would perhaps occur, by reason of. the tissues 
under the skin being incomparably better 
conducting. This, at least, appears plausible, 
judging from some observations. 

I can make these streams of light visible 
to all, by touching with the metallic object 
one of the terminals as before, and aproach
ing my free hand to the brass sphere, which 

F. • is connected to the second terminal of the •s. -· coil. As the hand is approached, the air 
between i~ and the sphere, or in the immediate neighborhood, is more violently agitated, 
and you see streams of light now brea.k forth from my finger tips and from the whole 
hand (Fig. 5). Were I to appro:1ch the hand closer, powerful sparks would jump from 
the brass sphere to· my hand, which might be injurious. The streamers offer no 
particular inconvenience, except that in the ends of the finger tips a burning sensation 
is felt. They should not be confounded with .those produced by an influence machine, 
because in many respects they behave differently. 1 have attael1ed the brass sphere and 
plate to one of the terminals in order to prevent the forma.tion of visible streamers 
on that terminal, .also in order to prevent sparks from jumping at a considerable distance. 
Besides, the attachment is favorable for the working of the coil. 

The streams of light which you have observed issuing from my hand arc due to a 
potential of about 200,000 volts, alternating in rather irregular intervals, sometimes like 
a million times a second. A vibration of the same amplitude, but four times as fast, to 
maintain which over 3,000,000 volts would be. required, would be more than sufficient 
to envelop my body in a complete sheet of flame. But this flame would not burn me 
.up; quite contrarily, the probability is .that I would not .be injured in the least. Yet 
a hundredth part of that energy, otherwise directed, would be amply sufficient to kill 
a person. 

The amount of energy which may thus be p:!Ssed into the body of a person depends 
on the (requency and potential of the currents; and by making both of these very greac, 
a vast amount of energy may be passed into the body without causing any discomfort, 
except perhaps, in the arm, which is traversed by a true conduct.ion ·current. The reason 
~hy no pain in the body is felt, and no injurious effect noted, is that everywhere, if 
a current be imagined to flow through the body, the direction of its flow would be a~ 
right angles to the surface;. hence the body of the expcrimente.r offers an enormous 
section to the cu.rrcnt, and the density is very small, with the exception of the arm, 
perhaps, where ·the density may be considerable. But if only a small fraction of that 
energy would be applied in sucl1 a way that a current would traverse the body in the 
same manner as a low frequency current, a shock would be received which might be 
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fatal. A direct or low frequency alternating current is fatal, I think, principally because 
its. distribution through the body is not uniform, as it n1ust divide itself in minute 
streamlets of great density, whereby some. organs arc vitally injured. That such a process 
occurs I have not the lcas.t doubt, though no evidence might apparently exist, . or be 
found upon examination. The surest to injure and destroy life, is a continuous current, 
but the most painful is an alternating current of very low frequency. The expression of 
these views, which are the result of long continued experiment and observation, both 
with steady and varying cu~rents; is elicited by the interest which is at present taken in 
this subject, and by the manifestly erroneous ideas which are daily propounded in journals 
onthiss~~. . · · 
· I may illustrate an effect of the electrostatic force by another striking experiment, 
b).lt before, I must call your attention to one or two facts. I have said before; that when 
the medium between two .oppositely electrified bodies is strained beyond a:· certain limit 
it gives ,way and, stated in popular language, the opposite 'electric charges unite and 
neutralize each other. This breaking down of the medium occurs principally when the 
force acting between the bodies is steady, or varies at a moderate rate. Were the 
variation sufficiently rapid, such a destructive break would .not occur, no matter how 
great the force, for all the em:rgy would be· spent in radiation, convection and mechanical 
and chemical action. Thus the spark length, or greatest distance which a spark will jump 
between the electrified· bodies is the smaller, the greater the variation or time rate of 
change. But this rule may. be taken to be true only in a ·general way, when comparing 
rates which are widely different. . . . , . . . . 

I will show you by an experiment the 
difference in the effect produced by a rapid!? 
varying and a steady or moderately varyin,5 
force. I have here two large circular brass 
plates p p (Fig. 6a and Fig. 6b ), supported 
on movable insulating stands on the table, 
connected to the ends of the secondary of a 
coil .similar to the one used before. I place Fig. 6a. Fig. 6b. 
the plates ten or twelve inches apart and 
set the coil to work. You sec the whole space between the plates, nearly two cubic feet, 
filled with uniform light, Fig. 6a. This light is. due to the streamers you have seen in 
the first experiment, which are now· much more intense. I have already pointed out the 
importance of these streamers in commercial apparatus and their still greater importance 
in some purely scientific investigations. Oftc!l they arc to weak to be visible, but they 
always exist, consuming energy and modifying the action of ,the apparatus. When intense, 
as they are at present, they prod.uce ozone in great quantity, and also, as Professor 
Crookes has pointed out, nitrous acid. SO· quick is the chcmic.'ll action that if a coil, 
such as this one, is worked for a very long time it will make the atmosphere of a small 

· room ul).bcarable, for the. eyes and throat are attacked. But when moderately produced, 
the streamers refresh the atmosphere wonderfully, like a thunder-storm, and exercises 
unquestionably a beneficial effect. 

In this cxperimc;nt the force acting between the plates changes in intensity and 
direction at a very rapid rate. I will now make the rate of d1ange per unit . tjme much 
smaller. This I effect by rendering the discharges through the primary of the induction 
coil less frequent, :ind also by diminishing the rapidity of the vibration in the secondary. 
The former result is conveniently secured by lowering the E. M. F. over the air gap in 
the primary circuit, the latter by approaching t_hc two brass plates to a distance of about 
three or four inches. \'V'hen the coil is set to work, you, see no streamers or light between 
the plates, y~t the medium between them is under a tremendous strain. I still further 
augment the strain by raising the E. M. F. in the primary. circuit, and soon you _see tlv~ 
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air .. give away and the hall is illuminated by a shower of brilliant arid noisy sparks, 
Fig. 6b. These sparks could be produced also with unvarying force; they have been for 
many years a familiar phenomenon, though they were usually obtain,ed from an entirely 
different apparatus. In describing these two phenomena so radically different ic: 
appearance,. I have advisedly spoken of a "force'' acting between the plates. It would 
be in accordance with the accepted views to say, that there was an "alternating E. M. F.", 
acting between the plates. This term is quite proper and applicable in all cases where 
there is evidence of at least a possibility of an essential inter-dependence of the electric 
state of the plates, or electric action in their neighborhood. But if the plates were 
removed to an infinite distance, or if at a finite distance, there is no probability or 
necessity whatever for such. dependence. I prefer to use the term "electrostatic force," 
and to say that such a force is acting around each plate or electrified insulated body 
in general. There is an in(:onvenience in using this ·expression as the term incidental!y 
means a steady electric condition; but.a proper nomenclature will eventually settle this 
difficulty. 

Fig. 7. 
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Fig. Sa. Fig. sb. 

I now return to the experiment to which· I have already alluded, and with which 
I desire to illustrate a striking effect produced by- a rapidly varying electrostatic force. 
I attach to .the end of the wire, I (Fig. 7), whidl is ·in conn·ection w.ith one of the 
terminals of the secondary of the induction coil, an· exhausted bulb b. TI1is bulb contains 
a thin carbon filament f, which is fastened to a platinum wire tv, sealed in the glass 
and leading outside of the bulb, where it connects to the wire /. The bulb may b.: 
exhausted to any degree attainable with ordinary apparatus·. Just a moment before, you 
have witnessed the breaking down of the air between the charged brass plates. You . 
know 'that a plate of glass, or any other insulating materral, would break down in like 
manner. Had I tlierefore a metallic coating attached to the outside of the bulb; or placed 
near the same, and were this coating connected to the other terminal of the coil, you 
would be prepared .to see the glass give way if the strain were sufficiently increased. Even 
were the coating not connected to the other terminal, but to an insulated plate, still, if 
you have followed recent developments,- ydu 'would naturally expect a rupture of the 
glass. 

But it will certainly surprise you to note that under the action of the varying 
electrostatic force, the glass gives way when all · other bodies are removed from the bulb. 
In fact, all the surrounding bodies we perceh•e might be removed to an infinite distance 
without affecting the result in the slightest. When the coil is set to work, the glass is 
invariably · broken through at the·· seal, or other narrow channel, and the vacuum is · 
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quickly impaired. Such a damaging break would not occur with a steady force, even if 
the same were many times greater. The break is due to the agitation of. the molecules 
of the gas within the bulb, and outside of the same. This agitation, which is generally 
most violent in the narrow pointed channel near the seal, causes a heating and rupture 
of the glass . . This rupture would, however, not occur, not even with a varying force, 
if the medium filling the inside of the bulb, and that surrounding it, were perfectly 
homogeneous. The break occurs nmch quicker if the top of the bulb is drawn out into 
a fine fibre. In bulbs used with these coils such narrow, pointed channels must therefore 
be avoided. 

When a conducting body is immersed in air, · or similar insulating medium, 
consisting of, or containing, small freely movable particles ·capable of being electrified, 
and when the electrification of the body .is made to lmdergo a very rapid change -
which is equivalent to saying that the electrostatic force acting around the body is 
varying in intensity, - the small particles are attracted and repelled, and their violent 
impacts against the body may cause a mechanical motion of the latter. Phenomena of 
this kind are noteworthy, inasmuch as they have not been observed before with apparatus 
~uch as has brcn commonly )n usc. If a very light conducting sphere be susj)cndcd on 
an exceedingly fine wire, an.d charged to a steady potential, however high, the sphere 
will remain ~t rest. Even if-. the potential would be rapidly varying, provided that the 
small particles of matter, molecules or atoms, are evenly distributed, no motion of · the 
sphere should result. But if one side of the conducting sphere is covered with a thic:.: 
insulating layer, the impacts of the particles wiJ:. cause the ·Sphere to move about, 
generally in irregular curves, fig. Sa. In like manner, as I have shown on a previous 
occasion, a fan of sheet metal, fig. 8b, .covered partially with insulating material as 
indicated, and placed upon the terminal of the coil so as to turn . freely on it, is spun 
around. 

All these phenomena you have witnessed and· others which will be shown later, 
are due to ~he presence of a medium like air, and would not occur in a continuous 
medium. The action of the air may be illustrated still better by the following experiment. 
I take a glass tube t, fig. 9, of about an inch in diameter,. which· has a platinum wire 111 

sealeel in the lower end, and .to· which is attached a thin lamp filament f .. I connect the 
wire with the terminal of the coil and set the coil to work. The platinum wire is now 
electrified positively and negatively in rapid 
succession and the wire and air inside of 
the tube is rapidly heated ; by the impacts 
of the parti~les, which may be so violent 
as to render the filament incandescent. But 
if I pour oil in the tube, just as soon.as the 
wire is covered with the oil, all action ap·· f. 
parently ceases and there is no marked 
evidence of heating. The ~cason of this is 

·''~ '~ :;..;. 

~ ~: 
~ ~. ...... ~~ --

b1lil 
"'! --

It 

I ,; 
• that the oil is a practiJ:ally continuous 

medium. The displaccme!Jts in such a 
continuous medium are, with these fre
quencies, to all appearance incomparably 
smaller than in air,_ henc_e t~1e ~vo~~ perform- Fig. 9. Fig. IO. 
ed . in such ·a mcdmm IS mstgntftcant. But . 
oil would behave very differently with frequencies many times as grc:at, for even tho~g11 
the displacements be small, if the frequency were much greater, constderuble work tmght 
be performed in the oil. 

The electrostatic attractions and repulsions between bodies of-measurable dimensions 
:ue, of all the manifestations of this force, the first so-called electrical phenomena noted. 
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Dut though they have ~en known to ~ for ~any. centuries, the ·preci~e nature of th~' 
mechanism concerned in these actions is still uhknown to us, · arid has nor been· even 
quit~· satisfactorily explained. \'y')1at kind of mechanism must that be'? ·we cannot help, 
w::>ndering when·we observe two magnets attracting and repelling·each· other with a·. fqrce· 
of hundreds of po·unds with apparently nothing bet)oveen them. ·We have in our' 

. commercial dynamos magnets capable of sustaining in: mid-air tons of weight: But what 
are even these· forces acting between magnets when compared · with the tremendous 
attractions and repulsions produced by electrostatic force, to which there is apparently. 
no limit as to intensity. In Iit;htning disdurges bodies are often charged to ~o high . . . . 
a potential tl1at 'they are thrown away with inconceivable force and ton1 asunder or 
shattered into fragments. Still even such effects cannot compare with the' attractions arid 
repulsions which exist between charged molecules or atoms, and whidt are suffi~ent 
to project .them with speeds of many kilometres a S'econd, so that under their violent' 
impact bodies are rendered highly incandescent and are volatilized. It is of speCial 
interest for the. thinker 'I;Vho inquires into the nature of these forces to note that wi)ereas 
the actions between individual' molecules or atoms occur seemingly under any cond.itions, 
the :lttra~tions and repulsions of bodi9s of measurable dimensions imply a. mcditu'n 
possessing insulating. properties. So, if air, either by being ra~efied or heated, is ·rendered 
more or less conducting, these actions between two electrified bodies practically ·· cease, 
while the actions between the individual atom·s continue to manifest themselves. · . · . . . 

An. experiment may ·serve as an illustration· and ·as a means of bringing out other · 
features of interest: Some time ago I showed that a lamp filament or wire mounte.~ .. i':l. 
a bulb and conne~ed to one of the terminals of a high tension secondary coil· is ·s~t . 
spinning, the' top 'Of the filament generally describing a circle. This vibratior:t was very 
energetic when the· air in the bulb was at ordinary pressure and· became less energetiC 
when the air in the bulb was strongly compressed. It _ceased altogether when t4e ··aic 
was exhausted so as to become comparatively good conducting. I foW1d at that time 
that no vibration took place when 'the bulb was vety highly exhausted.· Dut I conjectured· 
that the vibration which -I ascribed to the electrostatic action between the w:tlls of the 
bulb and the filament should take place also in a highly exhnusted bulb. To test. this 
under conditions . whidt were more favorable, a bulb like the one in Fig. ' 10, wa; . 
constructed. It comprised a globe b, in the neck of whidt was sealed a platinwn wire w 
carrying a thin lamp filament f. In the lower part of the globe a tube 1 was seaTed so as 
to surround the filament.' The ·exhaustion was carried ~ far. as it was practicable with 
the apparatus employed. · . · . 

This bulb verified my expectation, for the filament WaS set spinning when tlte 
current was turned on, and became incandescent. It also sho\Ved another interesting 
feature, bearing upon the preceding remarks, namely, when -the' filament had been kept 
incandescent some time, the narrow tube and the spnce insid'e were brought to an elevated 
temperature, and as the gas in the tube then· became condu<;ting, . . the electrostatic 
attraction between the glass and the filament pecame very weak or ceased, and the 
filament came to rest. When it came to rest it would glow far more intcmsely. This was 
probably due to its assuming the position in tlie centre of the tube where the molecular. 
bombardment was most intense, and also ·pa.rtly to the fact that the individual impacts 
were more violent and thnt no part of the supplied energy was-converted ·into mecl1anical 
movement. Since, in accordance with accepted views, in this experiment the incandescence · 
must be attributed to the impacts of the particles, molecules or atoms in. the heated · 
space, these particles must therefore, in order to explain such action, be assm.ned to 
b::have as independent carriers of Clectric charges immersed in an insulating medium; 
yet there is no attractive force between 'the glass tube and the· fil:rment because t11c 
space in the tube is, as a whole, conducting. 
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It is of some interest to observe in this c;onnection that whereas the attraction 
~tween two electrified bodies may cease owing to the impairing of the insulating power 
of the m:dilun in which they arc immersed, the repulsion between the bodies may. still 
be observed. This may be explained in a plausible way. When the bodies arc placed at 
some distance in a poorly conducting meqium, such as slightly warmed or ratefied air, 
and are suddenly electrified, opposite electric charges being imparted to them, these 
charges equalize more or less by leakage through the air. But if .t11e bodies are similarly 
electrified, there is less opportunity afforded for such dissipation, hence the repulsion 
Qbserved .jn such case is greater than the attraction. Repulsive actions in a gaseous 
medium are however, as Prof. Crookes has shown, enhanced by molecular bombardment. 

ON CURRENT OR DYNAMIC ELECTRICITY PHENOMENA 

So far, I have considered principally effects produced by a varying electrostatiC 
force in an insulating mediun1, such as air. When such a force is. acting upon a conducting . 
body of measurable dimensions, it causes witl1in tl1e same, or on its s'urface, displacements 
of the electricity, and gives rise to electric currents, :1nd tl1ese p roduce anotl1er kind of 
phcnomen:~, some of which I shall presently endeavor to illustrate. In presenting this 
second class .of electrical effects, I will avail myself principally of such as :~re producible 
without any return circuit, hoping to interest you tl1e more by presenting these phenomena 
in a more or less novel aspect. · 

It has been a long time customary, owing to the limited experience with vibratory 
currents, to consider an electri.c current as something circulating in a closed conducting 
path. It was 'asto'nishing at first to realize that a current may flow 'through the conducting 
path even if tJ:lc latter be interrupted, and it was still more surprising to learn, that 
sometimes it may be even easier to make a current flow under such conditions th:1n · 
through a closed path. But that old idea is gradually dis:~ppearing, _even among practical 
men, and w~ll soon be entirely forgotten. 

If I connect :1n insulated metal plate P, Fig. 11, to one of the ·terminals T of the 
induction coil by means of a wire, though tl1is plate be very well insulated, a current 

. p~sses through the wire when the coil 
is set to work. First I wish to give 
you evidence iliat there iJ :t current 
passing through the connecting wire. 
An obvious way of demonstrating thi; 
is to insert between the terminal oi 
the coil and the insulated pl~te a very 
thin platinum or german sil\'er wi re .,. ··•s. 11. 
tu and bring the latter to incandescence 
or fusion by the current. This requires a rather brge pl:l.te of else current impulses of 
very high potential and frequency. Another way is to take a coil C, Fig. 11, containing 
many turns of thin insulated wire and to insert the same in the path of the current to 
the plate. \Uhen I connect one of the ends of the coil to the wire leading to another 
insulated plate P 1, and its other end to the terminal T 1 of the induction coil, and set 
the l:1tter to work, a current passes tluough the inserted coil C and the existence of the 
current may -be made manifest in various ways. For instance, I insert :1n iron core i 
within the coil. The current being one of vc;ry high frequency, will, if it be of some 
strength, soon bring -the iron core to a noticeably higher temperature, as the hysteresis 
and current losses :1re great with such high f requcncic:s. One might take :1 core of some · 

size, laminated o; not, it would matter little; but ordinary iron wire > 
1• th or - 1- th of 

. 16 8 . 
an inch thick is suitable for the purpose. While the induction coil is working, a current 
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traverses the inserted coil and only a few moments are sufficient to bring the iron wire 
;. to an elevated temperature sufficient to soften the sealing wa.x s, and cause a plp~r 
washer p fastened by it to the iron wire to fall off. But with the apparatus suc\1 as I have 
here, other, much more interesting, demonstrations of this kind can be made. I have 
a secondary s, Fig. 12, of coarse wire, wound upon a coil similar to the first. In. the 
preceding experiment the current through the coil C, fig. 11, was very small, but ther~ 
being many turns a strong heating effect was, nevertheless, produced in the iron wire. 

· Had I passed .that current thro.ugh a 
conductor in order to show the heatin.~; 

/i of the latter, the current might )1av::! 
been too small to produce the effect 
desired. But with this coil provided 
with a secondary winding, I can now 
transform the feeble current of high 
tension which passes through the 

Fig. 12. .primary P into a strong ·s'econdarv 
current of low tension, and this cui rent 

will quite certainly do what I expect. In a small gbss tube (t, Fig. 12) , I have 'endosed 
a coiled platinum wire, w, this merely in or.dcr to protect the wire. On each end of the 
glass tube is scaled a terminal of stout wire to which one of the ends of the platinnin 
wire tu, is connected. I join the terminals of the secondary coil to these terminals and 
insert the primary p, between the insulated plate P 1, and the terminal T 1, of the induction 
coil as before. The latter being set to work, instantly the pbtinum wire w is rendered 
incandescent and can be fused, even if it be very thick. 

Instead of the platinum wire I now take an ordinary 50-volt 16 c: p. lamp. \Vhen 
I set the induction coil in operation the bmp filament is brought to high .incandescence. 
It is, however, not necessary to use the insulated plate, for tho lamp (/, fig. 13) is 
rendered incandescent even if the plate P 1 be disconnected. TI1e secondary may also be 
connected to the ptimary as indicated by the dotted line in Fig. 13, to do away more 
or Jess with the electrostatic induction or to modify the action otherwise. 

· I may here call attention to a number of interesting observations with the lamp. 
First, I disconnect one of the terminals of the lamp from the secondary s. When the 
induction coil plays, a glow is noted which fills the whole bulb. TI1is glow is due to 
electrostatic induction. It increases when the bulb is grasped with the harid; and the 
capacity of the experimenfer's body thus added to the secondary circuit. The ~ccoi1dmy, 
in effect, is equivalent to a · metallic coating, which would be placed near the· primary. 
If the secondary, or its equivalent, 
the coating, were placed symmetrically 
to the primary, the clectrost<ltic induct
ion would be nil under ordinary 
conditions, that is, . when a primary 
return circuit is used, as both halves 
would neutralize each other. . The 
secondary is in fact placed symmet· /i ---.. 
rically to the primary, but the action 
of. both halves of the latter, when 
only one of its ends is connected to 
the induction coil, is not exactly equal; 
hence electrostatic induction takes Fig. 13. 
place, and hence the glow in the bulb. 
I can nearly equalize the action of both halves of the primary by connecting the other, 
free end of the same to the insul:tted plate, as in the preceding experiment. When the 
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plate is connected, the glow disappears. With a smaller plate it would not entirely 
disappear and then it would contribute to the brightness of the filament when the. 
secondary is closed, by warming the air in the bulb. 

To dem~nstrate another interesting feature, I have adjusted the coils used in a 
certain way. I first connect both the terminals of the lamp to the secondary, one end· 
of the primary being connected to the terminal T 1 of the induction coil and the other to 
the insulated plate P 1 as before. When the cw:rent is turned on, the lamp glows brightly, 
as shown in Fig: 14b, in which C is a fine wire coil and s a coarse wire secondary wound 
upon it. If"the insulated plate P 1 is disconnected, leaving one of the· ends a of the primary 
. insulated, the filament becomes .dark ' 
.Jr generally it diminishes in brightness 
(Fig. 14a):. , Connecting again the 
plate P 1 and raising the frequency of 
the current, I make the filament quite 
dirk or barely red (Fig. 15b). Once 
more I will disconnect the plate. One 
will of course infer that when the 
plate is· disconnected, the current 
through the primary will be weakened, 
that therefore the E. M. F: will fall 
iri the seco.ndary s, a.nd that the 
brightness· of the la.n1p will diminish. 
This might be the case and the re5ult 
can be secured by an easy adjustment of 
the·coils; also by varying the frequency 
artd potential of the currents. Dut it 
is perhaps of greater interest to note, 
that the lamp increases i'n brightness 
when the plate is disconnected (Fig. 
15a). In this case all the energy the 
primary receives is now sunk into it, 
like the charge of a battery in an 
ocean cable, but most of that energy 
is recovered tl\rough the secondary and 
used to light the lamp. The current 
traversing the prinury is strongest at 
the end b which is connected to the 

Fig. 14a. 
Fig. t4b. 

terminal T ~ of the induction coil, and diminishes. in strength towards the remote end 
a. Dut the dynamic ind11ctive effect exerted upon the secondary s is now greater than 
before, when the suspended plate was connected to the primary. These results might 
have been produced by a. nwnber of causes. For instance, the plate P 1 being connected, 
the reaction from the coil C m:~y be such as to diminish the potential at the termin::tl 
T 1 of the induction coil, and therefore weaken the current through the prim~ry. of the 
coil C. Or the disconnecting of the plate may diminish Jhc· capacity effect with relation to 
the primary. of the latter coil to such an extent that the current through it is diminished, 
though the potential at the terminal T 1 of the induction coil may be . the same or even 
higher. Or th<; result might have been produced by the change of phase of the primary 
and secondary airrents and consequent reaction. Dut the chief determining factor is the 
relation of the self-induction and capacity of coil C a.nd plate P1 and the frequency of 
the Cu.rrents: The grelter brightness of the filament in Fig. 15a, is, however, ·in part 
due to the heating of the rarefied gas in the lamp by electrostatic induction, which, as 
before remarked, is greater when the suspended plate is disconnected. 

10, Nikol1 Tesll 
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Still another feature of some interest I may here bring to your attention. \'V'hen 
the insulated plate is disconnected and :he .secondary of the coil opened, by a_pproach~ng 
a small object to the secondary, but very small sparks can be· drawn _from 1t~ showmg 
that the electrostatic induction is small in this case. But upon the secondary bemg closed 
upon itself or through the lamp, the filament glowing brightly, strong sparks arc obtained 

from the secondary .. The electrostatic 

Fis. 15a. 
Fis. 15b. 

· · induction is now much greater, because 
. the closed secondary determines a 
greater flow of current through the 
prin1nry and principally through that 
half of it which is connected to the· 
induction coil. If now the bulb be 
grasped with the hand; the capacity 
of the secondary with reference to the 
primary is augmented by the expe!
imenter's body and the luminosity of 
the filament is increased. the incandes
cence now being due partly to the 
flow of current through the filament 

. and partly to the molecubr bombard
ment of the rarefied gas in the bulb. 

The preceding experiments will 
have prepared one for the next follow
ing results of interest, obtained in the 
course of these investigations. Since 
I can pass a current through an insulat
ed wire merely by connecting one of 
its ends to the source of electrical 
energy, since I can induce by it another 
current, magnetize an iron core, and, 
in short, perform all operations as 
though a return circuit were used, 
clearly I can also drive a motor by the 
aid of only one wire. On a former 

occasion I have described a simple form of motor comprising a single exciting coil, an 
iron core and disc. Fig. 16 illustrates a modified way of operating such an alternate 
current motor by cmrents induced in a transformer connected ·to one · lead, and several 
other arrangements of circuits for operating a certain class of alterna~ing motors founded 
on the action of currents of differing phase. In· view of the pre5ent state of the art it 
is thought sufficient to describe these arrangements in a few words only. The diagram, 
Fig. 16 II., shows a primary coil P, connected with one of its ends to the line L leading 
from a high tension transformer terminal T 1. In inductive relation to this primary 
Pis a secondary s of co:use wire in the· circuit of which is a coil C. The currents induced 
in the secondary energize the iron core i, which is preferably, but not necessarily, · 
subdivided, :md set the metal disc d in rotation. Such a motor. M2 as diagrammatically 
shown in Fig. 16 II., has been called a "magnetic lag motor", but this expression may 
be objected to by those who attribute the rotation of the disc to eddy currents cirrulating 
in minute paths when the core i is finally subdivided. In order to operate such a moto: . 
effectively on the plan indicated, the frequencies should not be. too high, not more than 
four or five thousand, though the rotation is produced even w,ith ten thousand per. 
second, or more. 
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In Fig. 16·1., a motor M1 having two energizing citcuits, A-and B, is diagrammat
icalJy indicated. The circuit A is connected to the line L and in series with it is a primary 
P, which may have its free end connected to an insulated plate P1, such connection being· 
indicated by ti}(i dotted lines. The other motor cirruit B is connected to the secondary 
s which is in inductive relation to the primary P. When the transformer terminal T 1 is 
alternately electrified, currents traverse the open line L and also circuit A and' primary 
P. The currents through the latter induce secondary currents in the circuit S, which pass 
through the energizing coil B of the motor. The currents through the secondary S and 
those through the primary P differ in phase 90 degrees, or nearly so, and are capable 
of rotating an armature placed in inductive relation to the circuits A and B. 

In Fig. 16 III., a similar motor M3 with two energizing circuits A1 and B1 is 
ilJustrated. A primary P, connected with one of its ends to the line L has a secondary 
S, which is preferably wound for a tolerably high E. M. F.; and to' which the two 

· energizing circuits of ti1e motor are connected, one directly to the ends· of the secondary 
and the other through a condenser C, by the actio!l of whid1 the currents traversing the 
circuit A1 and B1 are made to differ in phase. 

u 
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Fig. 16. 
Fig. 17. Fig. 18. 

· In Fig. 16 IV., still another arrangement is shown.' In this case two pri:maries 
P 1 and P 2 are connected to the line L, one th'rough a .condenser C of small capacity, 
and the other directly. The primaries arc provided· with secondaries 51 and 52 whid1 
are in series with the energizing circuits, A2 and B2 :i.nd a motor M3, the condenser 
C again serving to produce the requisite difference in ti1e phase of the currents . .traversing 
the motor circuits. As such phase motors with two or more drcuits arc now wclJ known 
in ti1e art, they have been here illustrated diagrammatically. No difficulty whatever is 
found in operating a motor in the m:tnncr indicated, Qr· in simibr ways; and although 
such experiments up to this day present only scientific interest, ti1ey may at a .period not 
far distant, be carried out with practical objects in view. · 

It is thought, useful to devote here a few remarks to the subject of operating devices 
of all kinds by means of only one leading wire. It is quite obvious, that when high· 
frequency currents are made use of, ground connections ue- af least when the E. M. F. 
of ti1c currents is great - better than a return wire. Such ground connections are object
ionable with steady or low frequency currents on account of destructive chemical actions 
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of the former ~nd disturbing influences exerted by both on the neighboring circuits; 
but with high frequencies these actions practically do not exist. Still, even ground 
connections become superfluous when the E. M. F. is very high, for_ soon. a condition 
is reached, when the current may· be passed more economically through open, than 
through closed, conductors. Remote as might · seem an industrial application of sud1 
single wire transmission of energy to one not experienced in sud1 lines of ex1~riment, 
it will not seem so to anyone who foJ some time has carried on investigations of such 
nature. Indeed I cannot see why such a plalli should not be practicable. Nor should 
it be thought that fo.r carrying out such a plan currents of very high frequency arc· 
expressly required, for just as soon as potentials of say 30,000 volts are used, the single 
wire transmission may be effected with low frequencies, and experiments have been made 
by me from which these inferences are made. 

. \Xfhen the frequencies are very high it has been found -in laboratory practice quite 
easy to regulate the effects in :the manner shown in diagram Fig. 17. Here two primaries 
P and P1 ace shown, .each connected with one of its ends to the line L and with the 
other end to the condenser plates C and C, respectively. Ncar these arc place<\ other 
condenser pla,tes C1 and C1, the former being connected to the line L and the latter 
to an insulated larger plate P2 . On the primaries arc wound secondaries S and S1, of 
coarse wire, connected to the devices d and l respectively. By varying •the distances of 
the condenser plates C and C1, and C and C1 the currents thro!Jgh the second~ries 
Sand S1 arc varied in intensity. The curious/caturc-is the great sensitiveness, the slightest 
d1ange in the distance of tl<c plates producing considerable variations in the intensity 
or strength of the currents. The sensiti~eness may be rendered extreme by making the 
frequency such, tha.f the pri.ql;uy itself, without any plate attached to its free end, 
satisfies, in conjunction with ·the clo.sed secondary, the condition of resonance. In such 
condition an extremely sm:1ll cl1ange in the capacity of the free terminal produces great 
variations. For inst:mce, I have been able to ~djust the conditions so that the merE
approach of a person to the coil produces a considerable change in the brightness of the 
lamps attached to the secondary. Such observations and ex~riments possess, of course, 
at present,.chiefly scientific interest, but they may soon becom~ of practical importance. 

Very high 'frequencies arc of c:Oursc not practicable with motors. on ac'<!unt of the 
necessity of employing iron cores. But ·one may usc sudden discharges of low frcc1ucncy 
and tl1us obtain certain advantages of high-frequency currents without rendering the irop 
<-ore entirely incnpable' of following the changes and without entailing a very great · 
expenditure of energy in the core. I have found it quite practicable to operate with such 
low frequency dismptive discharges of condensers, alter'}ating-current motors. A cen ain 
class of such motors which I advanced a few years ago, which contain closed 
second¥}' circuits, will rotate. quite vigor~:JUsly . when. the discharges arc directed 
through the exciting coils. One reason iliat such a mptor operates so wel1 with these 
disdl:l.rges is that the difference of ph a~ between the. primary and secondary currents 
is 90 degrees, which is generally not .the case with harmpnically rising and falling. 
cur~ents of low frequency. It might not be 'IYithout interest to show an experiment with 
a simple mQtor of iliis kind, inasmuch as it is commonly thought th:1.t disruptive discharges 
are unsuitable for sud1 purposes. TI1c motor is illustrated in Fig. 18. It comprises a rather 
large iron core i with slots pn the top into whid1 ace-embedded thick copper wa$hers 
C C. In proximity to .the core is a freely-movable metal disc D. TI1e core is provided 
with a prim:1.ry ·exciting coil C1 the ends 4 and b of whi9J arc connected to the terminals 
of the s~ndary S of an or~inary trans~ormer, the primary P of t.l_le latter being connected 
to im alternating distribution circuit or generator G ,ef low or moderate frequency. The 
terminals of th.e secondary s are attached to a con'denser c which disdlarges through an 
air gap d d whi~h may be placed in series or shunt to the coiiC1 . \'(!hen the conditions 
arc properly ch<;>scn tl)C disc D rotates with considerable effort and the iron core i docs 
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not ·get very· perceptibly hot. \'V'ith currents· from a high-frequency alternator, on the 
contrary, the core gets rapidly hot and the disc rotates with a mud1 smaller effort. To 
perform the experiment properly it should be first ascertained that the disc D is not 
set in rotation when the discharge is not occurring at d d. It is preferable to use a large 
iron core and a condenser of large capacity so as to bring the superimposed qui!cker 
oscillation to a very low pitch or .to do. away with it entirely. By observing certain, 
elementary rule-s I have also found it practicable to operate ordinary series or shunt 
direct-current motors with such disruptive discharges, and ~is .. can be done with or 
without a return wire. 

IMPEDANCE PHENOMENA 

Among the v:ir.ious current phenomena observed, perhaps the most interesting arc 
those of impedance presented by conductors to currents varying at a mpid rate. In my 
first paper before the American Institute cif Electrical : E~gineers, I have described 
a few striking observations. of this kind .. Thus I showed that when such currents or 
sudden discharges are passed through a thiCk .metal bar there. may "be points on the bar 
only a few indles apart, whitJl have a suffici'ent potential difference between them to 
maintain at bright incandescence an ordinary filament lamp. I have also described the 
curi-ous behavior of rarefied gas surrounding a conducto.r, due to such sudden ·rushes 
of current. TI1ese p)lenomena: have since been more carefully. studied and one or two 
nO\'CI experiments of this kind arc deemed of sufficient interest to be described here. 

Referring to Fig. 19a, 13 .and B1 arc very stout copper bars connected at their lower 
ends to plates C and C1, respectively, · of a condenser, the opposite plates of the latter 
being connected to the termiqals of the secondary S of a high-ten,sion transformer, the 
primary P of whidl is suppliea with alternating curren.ts from an ordinary low-frequency 
dynamo G or distribution circuit. The condenser discharges through an adjustallle gap 
d d as usual. By establishing a rapid vibrati~n it was found quite easy to perform the 
foll'owing curiolu.s experiment. The bars 13 and B1 were joined at the) top by a low- · 
voltage lamp /3 : a little lower was placed by :means of clamps C C, a 50-volt lamp !2 ; 
and still lower another 100-volt lamp /1 ; and finally, at a certain distance below the 
latter lamp, an exhausted tube T. By car()fully determining the positions of these devices 
it was found practicable to maintain them all at their proper illuminating power. Yet 
they were all connected in multiple arc to the two stout copper bars and required widely 
different pressures. This experiment requires of course some time for adjustment but is 
quite easily performed. . 

In Figs. 19b and. 19c, two o.ther experiments are illustrated whid1, unlike the 
previous experiment, "do not require ver}r .careful adjustments. In Fig. i9b, two lamps, 
/ 1 and /2 , the former a 100-volt and the lat\er a 50-volt are placed in certain positions 
as indicated, the) 100-volt lamp being below the 50-volt lamp. When the arc is playing 
at d d and the sudden discharges are passed ·through the bars .B B1, the 50-volt lamp 
will, as a rule, burn brightly, or at least this res"ul't is e::tsily secured, while the 100-volt 
hu1,1p .will burn very low or remain quite dark, Fig. 19b. Now the bars 13 131 may be 
joined at the top by a thid;: cross bar B2 and it is quite easy to maintain the ' 100-volt 
lamp at full candle-power .while the .50-volt lamp remains dark, .Fig .. 19c. These results, 
as I ha~~e pointed Ol!t previously, should not be considered to be due exactly to frequency 
but rather to the time rate of dlange :whi'h may be great, even with low frequencies. 
A great many other results of the same kind, equally interesting, especially to those 
who are only used to manipulate steady currents, · may be obtained and they afford 
precious clues in investigating the nature of dectric currents. 
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In the preceding experiments I have already had occasion to show some li .~ht 
phenomena and it would now be proper to study these in particular; but to make this 
investigation more complete I think it necessary to make first a few remarks on the 
subject of electrical resonance which has to be always observed in carrying out these 
experiments. 

Fiss. 193, 19b and 19c. 

ON ELECTRICAL RESONANCE 

The effects of resonance are being more arid more noted by engineers and arc 
becoming of great importance in the practica~ operation of apparatus of all kinds with 
alternating currents. A few general remarks may therefore be made concerning these 
effects. It is clear, thnt if we succeed in ·employing the effects of resonance practically 
in the operation of electric devices the return wire will, an1: matter of course, become 
unnecessary, for the electric vibration may be conveyed with one wire just as well as, 
:11\d sometim~s even better than, with two. Tite question first to answer is, then, whether 
pure resonance effects arc producible. Theory nnd experiment both show that such is 
impossible in Nature, for as the oscillation becomes more and more vigorous, the losses 
in the vibrating bodies and environing media rapidly increase and necessarily check the 
vibmtion which otherwise would go on increasing forever. It is a fortunate circumstance 
that pure "resonance is. not producible, for if it were there is no telling what dangers 
might not lie in wait for the innocent experimenter. But to a certain degree resonance 
is producible, the magnitude of the effects being limited by the imperfect conductivity . . 
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and imperfect .eiastiGity of the media or, generally stated, by frictional losses. The smaller 
these ·losses, the more striking are the effects. The same is the case in mechanical 
vibration. A stout steel bar may be set in vibration by drops of water falling upon it at 
proper intervals; and with gbss, which is more perfectly clastic, tho resonance effect 
is still more remarkable, for a goblet may be burst by singing into it a note of the proper 
pitch. The electrical resonance is .the more perfectly attained, the smaller the resistance 
or the impedance of the conducting path and the more perfect the dielectric. In a Leyden 
jar discharging through a short stranded cable of thin wires these requirements are 
probably best fulfiJled, and the resonance effects arc .therefore very prominent. Such is 
not the case with dynamo machines, trans~ormers and their circuits, or with commercial 
apparatus in general in which the presence of iron cores complicates the action or 
renders it impossible. In regard to Leyden jars with which resonance t:ffects are frequen.tly 
demonstrated, I would say that the effectS observed are often (11/ributed but arc seldom 
due to true resonance, for an error is quite easily· made in this respect. Titis may be 
undoubtedly demonstrated by the foJlowing experiment. Take, for instance, two large 
insulated metallic plates or spheres which I shall designate A and B; pbce them at 
a certain small distance apart and charge them from a frictionaE or influence machine 
to a potential so high that. just a slight increase of the difference of potential between 
them will cause the small air or insulating space to break down. This is easily reached 
by making a few preliminary trials. If now another plate - fastened on an insulating 
handle and connected by a wire to one of the -terminals of a high tension secondary 
of an induction coil, which is maintained in action by an alternator (preferably high 
frequency) - is approached to one of the charged bodies A or B, so as to be nearer 
to either one of them, the discharge will invariably occur between them; at least it will, 
if the potential of the coil in connection with the plate is sufficiently' high. But the 
explanation of this will soon be found in the fact that the approached plate acts 
inductively upon the bodies A and B and causes a spark to pass between them. \Vhen 
this spark occurs, the charges which were previously imparted to these bodies from the 
influence machine, must needs be lost, since the bodies are brought in electrical connect
ion through the arc formed. Now this arc is formed whether there be resonance or not. 
But even if the spark would not be produced, still there is an alternating E. M. F. set 
up between .the bodies when the plate is brought near one of them; therefore the 
approach of the plate, if it does not always actually, will, at any rate, tend to break down 
the air space by inductive action. Instead of the spheres or pbtes A and B we may take 
the coatings of a Leyden jar .wi.th the same result; and in place of the machine, -
which is a high frequency alternator preferably, because it is more ·suitable for the 
experiment and also for the argument, - we may take another Leyden jar or battery 
of jars. \Vhen sudt jars arc discharging through a circ'uit of low resistance the same 
is traversed. by currents of very high frequency. The plate may now bc 'connected to one 
of the coatings of the second jar, ·and when it is brought near to the first jar just 
previously charged to a high potential from an influence machine, the result is the same 
as before, and the first. ju will discharge through a small air space upon the second 
being caused to discharge. But both jars a11d their circuits need not be tuned any closer 
than a bas'so profundo is to the note produced by a mosquito, as small sparks will be 
produced through the air space, or at least .the btter will be considerably more strained 
owing to the setting up of an aiternating E. M. F, by induction, which takes pbce when 
one of the jars begins to discharge. Again another error of a simila r nature is quite 
easily made. If tl:e circuits of the two jars arc run parallel and close together, and the 
experiment has been performed of disdtarging one by the other, and now a coil of 
wire be added to one of the circuits whereupon t~e experiment does not .succeed, the 
conclusion that this is due to the fact that the circuits are now not tuned, would be far 
from being safe. For the two circuits act as condenser coatings and the addition of t!1c 
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coil to one of them is e<JUivalent to bridging them, at the point where the .coil is placed, 
by a small condenser, and the effect of the. latter might be to prevent the spark from 
jumping through the discharge space by diminishing the alternating E. M. F. acting 
across the same. All these remarks, and many more which might be added but for fear 
of wandering too flr from the subject, are made ·with the pardonable intention of 
cautioning the unsuspecting stlldent, who might gain an entirely unwarranted opinion 
of his skill at seeing every experiment succeed; but they are in no way thrust upon the 
experienced as novel observations. 

In order to make reliable observations of electric resonance effects it is very 
desirable, if not necessary, to employ an alternator giving currents which rise and fall 
harmonically, as in working with make and break currents the observations are not 
always trustworthy; since many phenomena, which depend on the rate of change, may 
be produced with widely different frequencies. Even when ~flaking such observations 
with an alternator one is apt to be mistaken. When a circuit is connected to an alternator 
there are an indefinite number of values for capacity and self-induction which, in 
conjunction, will satisfy the condition of resonance. So there are in mechanics an infinite 
number of tuning forks which wilf respond to a note of a certain· pitch, or lo:tded 
springs which have a d~finite period of vibra.tion. But the resqnance will be most perfectly 
attained in that case in which the motion is effected with the greatest freedom. Now 
in mechanics, considering the vibration in the common medium - that is, :tir -: it is 
of coll)paratively 1ittle importance whether one tuning fork be somewhat . larger than 
another, beeause the losses in the air are not very considerable. One-may, of course, 
enclose a tuning fork in an exhausted vessel and by thus reducing the air resistance to 
a min.imum obtain better resonant action. Still the difference would not be very great. · 
But it would m."lke a great· difference if the tuning fork were immersed in mercury. 
In the electrical vibration it is of enormous impottance to arrange the conditions· so .. that 
the vib~tion is effected with the greatest freedom. The magnitude of the resonance 
eJ[ect depends, under otherwise equal conditions, on the quantity of ,electricity· set in· 
motion or on the strength of the current driven through the circuit. But the circuit opposes· 
the passage of .the currents by reason of its impedance and therefore, to secure the· besr 
action it is necessary to·reduce the impedance to a minimum. It is impossible to overcome· 
it entirely, but merelr in part, for the ohmic resistance cannot be overcome. But :when 
the fre<juency of the impulses is very great, the flow of the current is practically 
determined by self-induction. Now self-induction can be overcome by combining it ·with 
capacity. I( the relation between these is such, that at the frequency used they annul 
each other, that is, have ·such values as to satisfy the condition of resonance, and the 
greatest quantity of electricity is made to flow through the external circuit,' then the 
best result is obtained. It is simpler and safe.r to join .the condenser in series wi~h the 
self-induction. It is clear that in such combinations there will be, for a given frequency; 
and considering only the fundamental vibration, values wnich will give the best result, 
·with the condenser in shunt to the self-induction coil; of course more such values than 
with · the condenser in series. But practical conditions determine the selection. In the 
latter case in performing the experiments one may take a small self,in~uction and a brge 
capacity or a Sll)all capacity and a large ·self-induction, but .the -latter is preferabliC!, 
because it is inconvenient to adjust a large capacity by small steps. By taking a coil with 
a very large self-induction the critical capacity is reduced to a v·ery small value, and the 
capacity of the coil itself m."ly be sufficient. It is easy, especially by observing certain 
artifices, to wind a coil · through which the impedance will be reduced to the v:~hic of 
the ohmic resistance only; and for any coil there is, of course, a f rcquency at whicl1 
the maximum current will be made to pass through the coil. The observation of the 
relation between self-induction, capacity :~nd frequency is becoming important in ·the 
operation of alternate current apparatus, such as transformers or motors, because by 
a judicious determination of the clements the employment of an expensive condenser 
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becomes unnecessary. Thus it is possible to pass through the coils of an alternating 
current motor under the normal working conditions the required current with a low 
E. M. F. and do. away entirely with the false current, an"d the larger the motor, the 
easier such a plan becomes· practicable; but it is necessary for this to employ Cl.irrents of 
very high potential or. high frequency. · 

· . In Fig. 20 i. is shown a plan which has been followed in the study of the resonance" 
effects by means of a high frequency alternator. C1 is a coil of many turns, which is 
divided into small separate sections for the purpose of adjustment. The final adjustment 
was made sometimes with a few thin iron wires (though this is not always advisable) 
or with a closed secondary. The coil C1 is connected· with one of its ends to the line 
L from the alternator G and with the other end to one of the plates C of a condenser 
C C1, the plate (C1) of the latter being connected to a much larg~r plate P1. In this 
manner both capacity and self-induction were adjusted to suit the dynamo frequency. 

A.s ·regards the rise . of potential through resonant action, of course, theoretically, 
it may amount to anything since it depends on self-induction and resistance and since 
these may have· any va:lue. ·But in practice one is limited in the selection of t!tese values 
and besides. these, there are other limiting causes. One may start with, say, 1,000 volts 
and raise the E. M. F. to 50 times that value, but on·e cannot start with 100,000 and 
raise it to ten times that value because of the losses in the media which arc great, 
especially if the frequency is high. lt shol!ld be possible to start with, for instance, two 

l'ig. 20. 
. ~ . . 

,;olts from a. high or low frequency circuit of a dynamo and raise the E. M. F. to many 
hundre~ times that value. Thus coils of the proper dimensions might be connected ~ch 
with only one of its ends to the mains from a machine of low E. M. F., and though 
the circuit of the machine would no.t be closed in the ordinary acceptance of the· term, 
yet the machine might be burned out if a proper resonance effect wou!a be obtained. 
I have si,ot bee':! able to produce, nor have I observed with currents fro.m a dynamo 
machine, such great rises of potential. It is possible, if not probable, that with curre.nts 
obtained from apparatus· containing iron the disturbing influence of the latter is the 
cause ·th":lt these theoretical possibilities cannot be realized. But if such is the case 
I ·attribute it solely to the hysteresis and Foucault current losses in the core. Generally 
It was necessary ·to transform upward, when the E. M. F. was very low, .and usually an 
ordinaiy form of induction coil was employed, but sometimes the arrangement illustrated 
in Fig .. 20 IJ.., has been found to be convenient. In this case a coil C is made in a great 
many sections, a few of these being used as a primary. ·In this manner both primary and 
secondary are adjustable. One end of the coil is connected to the line L1 from the 
alternator, and the other line L is connected to the intermediate point of the coil. Such 
a coil ·with adjustable primary and sccond:~ry will be found also convenient in experiments 
with the disruptive discharge. When true resonance· is obtained the top of the wave 
must of course be on the free end of the coil as, for instance, at the terminal of the 
phosphorescence bulb 13. This is easily recognized by observing the potential of a point 
on the wire tv near to the coil. · 
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\rn connection with r~onance effec.ts and. the _problem of transmission of energy 
over a single conductor which was previOusly considered, I would say a few words on 
a subject whid1 constantly fills my t,~oughts and which concerns the welfare of all. 
I mean the transmission of intelligible signals or perhaps even power to any distance 
without the use of wires. I am becoming daily more convinced of the practicability of 
the scheme; and though I know full well that the great majority of scientific men 
will not believe that sud1 results can be practically and immediately realized, yet I think 
that all consider th~ developments in recent years by a number of workers to have been 
s\ICh as to encourage thought and experiment in this direction. My conviction has grown 
so strong, that I no longer look upon this plan of energy or intelligence tmnsmission 
as .a ·mere theoretical possibil~· , but as a serious problem in electrical .engineering, which 
rnust be carried out some day. Tile idea of transmitting intelligence with,out wires is the 
natural outcome of the mos ecent results of electrical investigations. Some enthusiasts 
have expressed their belief that telephony to any distance by induction through the air 
is possible. I cannot stretch my imagination so far, but I do· firmly believe that it is 

. practicable to dis.turl) by means of powerful machines the electrostatic condition of the 
earth and thus transmit intelligible signa!Land perhaps power. In fact, what is there 
against the carrying out of su'cl1 a scheme {)Ve now know that electric vibration may be 
transmitted through . a .single conductor. Why then not try to avail ourselves of the 
earth for this purpose ?"']\Ve need not be frightened . by the idea of distance. To the 
weary wanderer countmg the mile-posts the l!arth may appear very large, but to that 
happiest of all men, the · astronomer, who gazes at the heavens and by their standard 
judges the magnitude of our globe, !t appears very small. And so I think it must seem 
to the electrician, for when he considers the speed with which an electri1= disturbance is 
propagated ¢rough the earth all his ideas of distance must completely vanish. 

A point of great importance would be first to know what is the capacity of the 
earth? and what d1arge does it contain if electrified? TI1ough we have no positive 
evidence of a charged body existing in space without other oppositely electrified bodies 
being near, there is a fair probability that the earth is such a body, for by whatever 
process it was separated from other bodies ·- and this is .the accepted vie-.y of its origin 
- it must have retained a charge, as occurs in all processes of · mechanical separation. 
If it be .a charged body insulated in space its capacity should be extremely small, less 
than one-thousandth of a farad. But the upper strata of the air are conducting, and so, 
perhaps, is the medium in free space beyond the atmosphere, and these may contain an 
opposite charg~t Then the capacity might be incomparably greater. In any case it is of 
the greatest importance to get an idea. of what quantity of electricity the earth contains. 
It is difficult to say whether we shall ever acquire this necessary knowledge, but there 
is hope that: we may, and that is, by means of electrical rcsona.ncc. If ever we can 
ascertain at what period the earth's charge, when disturbed, oscillateS with respect to 
an oppositely electrified system or known circuit, we shall know a fact possibly of the 
greatest importance to the welfare of the human race. I propose to seek for the period 
by means of an electrical oscillator, or a source of alternating electric currents. One of 
the terminals of the source would be connected to earth as, for instance, to the city water 
mains, the other to an ·insulated body of large surface. It is possible that the outer 
conducting air strata, or fi:ee space, contain an opposite charge and that, together with 
the earth, they form a condenser of very large capacity. In such case the p1:riod of 
vibration may be very low and an alternating dynamo machine might serve for the 
purpose of the experiment. I would then transform the current to a potential as high 
as it would be found possible and connect the ends of the high tension secondary to the 
ground and to the insulate.d body. I3y varying the frequency of the currents and carefully 
observing the potential of the insulated Q<>dy a!ld w:~tching for the disturbance at 
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various neighboring points of the earth's sur~~ce res~>nance mig~t be detected. Should, 
as the majority of scientific men in all probab!ltty beltcvc •. the pe~10d be extremely small, 
then a dynamo machine woul.d not do and a pr?per electncal. oscillator wo~ld have to be 
produced and perhaps it mtght not be posstble to obtam such raptJ . 
vibrations. But whether this be possible or not, and \vhether the earth contains 
a charge or not, and whatever may be its period of vibration, it certainly C:: ..; \I 

is possible - for of this we hive daily evidence - to produce some· 
electrical disturbance sufficiently powerful to be perceptible by suit:tbl<· 
instruments :tt :tny point of the e:uth' s surf:tce. 

Assume th:tt a source of alternating currents be connected, :ts in Fig. 21, 
with one of its terminals to earth (conveniently to the water mains) and 
with the other to a body of large surface P. When the electric oscillation is 
set up there will be a movement of ·electricity in and out of P, and alternating 
currents will pass through the earth, converging to, or diverging from, the 
point C where the ground connection is made. In this manner neighboring 
points on the c:trth's ·surface within a certain radius will be disturbed. But 
the disturbance will diminish with the distance, and the distance at which 
the effect will still be perceptible will depend on the quantity of electricity 
set in motion. Since the body P is insulated, in order to displace a 
considerable quantity, the potenti~l of the source must be excessive, since 
there wo"uld be limit:ttions :ts to the surface of P. TI1e conditions might be 
adjusted so that the generator or source S will set up tire same electrical 
movement as though its circuit were closed. Thus it is certainly practicable 
to impress an electric vibration at least of a certain low period upon the 
earth by means of proper machinery. At what distance such a vibration 
might be made perceptible can only be conjectured. I have on another 
occasion considered the question how the earth might behave to electric 
disturbances. There is no doubt that, since in sud1 an experiment the 
electrical density at the surface could be but extremely sm:tll considering 
the sile of Lhe earth, the air would not act as a very disturbing factor, and 
there would be not much energy lost througl\-.!he action of the air, which 
would be the case if the density were greatQ'hcoretically, then, it could 
not require a great amount of energy to produce a disturbance perceptible 
at gr~at distance, or e~en a~l"~ver the s~rface .of the globeJNow, it is quite 
certam that at any pomt wttlun a certam radiUs of .the ~rce S a properly 
adjusted self-induction and capacitj device can be set in action by resomince. 
But not only can this be done, but another source 51, Fig. 21, simil:ir to S, 
or any number of such sources, can be set to work in synchronism with the 
latter, and the vibration thus Intensified: and spread over a large area, or 
a flow of electricity produced~or from the source S1 if the same be of 
opposite ph:tse to the source S I think that beyond doubt it is I'Ossible to 
operate electrical devices in a c y through the ground or pipe system by 
resonance from an electrical oscillator located at a central point. But the ~ "' ~ 
practical solution of this .problem would be of incomparably smaller benefit " 1 

to m:tn than the realization of the scheme of transmitting intelligence, 
or perhaps power, to any distance through the earth or environing medium. Fig. 21. 
If this is at all possible, distance docs not mean anything. Proper app:tralus 
must first be produced by means of which the problem can be attacked and 
I have devoted much . thought to this subject. I am firmly convinced that i: 
can be done and hope that we shall live to sec it done] 
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ON THE LIGHT PHENOMENA PRODUCED BY HIGH-FREQUENCY . 
: CURRENTS OF HIGH POTENTIAL AND GENERAL REMARKS 

RELATING TO THE. SUBJECT 

Returning now to the light effects which it has been the chief object to investigate, 
it is thought proper to divide these effects into four classes: 1. Incandesc~nce of a solid. 
2. Phosphorescence. ~- Incandescence or pbosphorescence of a rarefied gas; and 4. 
Luminosity produced in a gas at ordinary pressure. The first question is: How are these 
luminous effects produced? In order to answer this question as satisfactorily as I am 
able to do in the light of accepted views and with the experience acquired, and to add 
some interest to this dt>monstration, I shall dwell here. upon a feature which I consider 
of great importan.ce, .inasmuch :l,S it promises, besides, to throw a better light up<>n the 
nature of most of the phenomena produced by high-frequency electric currents. I have 
on other occasions pointe.d out the great importance of the presence of the rarefied _gas, 
or atomic medium in general, around the conductor through which alternate currents of 
high frequeng .are passed, a§ regards the heating of the conductor by the currents. My 
experiments, described some time ago, have shown that, the higher the frequency and 
potential difference of the currents, the more important becomes the rarefied 
gas in which the conductor is immersed, as a factor of the heating. The potential 
difference, ho.wever, is, as I then pointed out, a more important clement than 
the frequency. \'V'hen both of these arc sufficiently high, the heating may be almost 
entirely due to the presence of the rarefied gas. The experiments to follow will show 
the iinportance of the rarefied gas, or, generally, of gas at ordinary or. other pressure 
as regards the incandescence or other luminous effects produced by currents of this 
kind.: 

f take two or~inary 50-yolt 16. C. P. lamps which are in every respect alike, with 
the e?cception, that one has been opened at the top and the air has filled the bulb, while 
the O.ther is at the ·ordinary degree of ·exhaustion of commercial lamps. \'<Then I attach 
the lpmp whid1 is exhausted to the terminal of th·c secondary of the coil, which 
I have already used, as in experiments illustrated in Fig. 15a for instance, and. 
turn ! on the current, the filament, as you h:IVe before seen, comes to high 
incan'~escence. When I attach the second ramp, which is filled with air, instead 
of tlie former, the filament still glows, but much less brightly. This experiment 
illustrates only in part the tmt.h of the statements before. made. The importance of the 
filam~nt's being immersed in rarefied gas is plainly noticeable but not to such a degree 
as might be desirable. The reason is that the secondary of this coil is wound for low 
tensi9n, having only 150 turns, and the potential difference at the terminals of the lamp 
is thc;reforc sl_Ilall. \'V'crc I to take another coil with many more turns in the secon?ary, 
the effect would. be increased, since it depends partially on the potential difference, as 
befor~ remarked. But since the effect likewise depends on the frequency, it may be 
properly stated that it depends on the time rate of the variation of the potential 

·difference. The greater this variation, the more important becomes the gas as an clement 
of heating. I can produce a much grc:~ter rate of variation in another way, which, besides, 
lm the ·advan~ge of doing away with the objections, which might be made in the 
experiment just shown, even if i>(>th the lamps were connected in set:ics or multipl~ arc 
to the coil, name! y, that in consequence of the reactions existing between the primary 
and secondary coil the conclusions . arc rendered uncertain. This result I seCll·rc by 
charging, from an ordinary transformer which is fed from the. alternating current 
supply. station, a b:1ttery of condensers, ·and discharging the latter directly through a 
circuit of small self-induction, as before illustrated in Figs. 19a, 19b and 19c. 

In Figs. 22a, 22b and 22c, the heavy copper bars BB1, are connected to the opposite 
coatings of a b:~ttcry of condensers, or generally in sud1 way, that the high frequency or 
sudden discharges arc made to traverse them. I connect first an ordinary 50-volt 
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incandescent lamp to the b:u'S by means of the damps C C. The discharges being 
passed · through the lamp, the filament is rendered i~~descent, though .t~e current 
through it is very small, and would not be nearly suffiCient. to produce a VIStble effect 
under the conditions of ordinary usc of the lamp. Instead pf this I now attach to the bars 
another lamp exactly like the first, but with the seal broken off, the bulb being therefore 
filled with air at ordinary pressure. When the disP1arges are directed throug~ the 
filament, as before, it does not become incandescent. But tl]e result might ·still be 
attributed to one of the m:my possible reactions. I therefore connect both .the lamps in 
multiple arc as illustrated in Fig. 22a. Passing the discharges through both the lamps, 
again the filament in the exhausted lamp I glows very brightly while that in the non
exhausted lamp .11 remains dark, as previously. But it . should not be thought t.hat the 
latter l:lmp is taking only a small fraction of the energy supplied to bqth the lamps; o~ 
the contrary, it may consume n considerable portion of the energy and it . may become 
even hotter than the one wl!ich burns brightly. In this experiment the potential difference 
at the terminals of . the lamps vnries in .sign theoretically three to four million times' a 
second. The ends of the filaments arc correspondingly electrified, an9 the gas in the. 
bulbs is violently. agitated and a .large portion of the supplied energy is thus convert~ 
into heat. In the non·exhaustcd bulb, there being a few million times more gas molccitles 
than in the exhauSted one, the bombardment, which is most violent at the ends 'of the 

fig. 22a. · 

. 
fig. 22b. F. 2' . lg. .c . 

fil:unent, in the neck of the bulb, consumes a large portion of the energy without 
producing any visible effect. The reason is that, there being many molecules, the 
b~mbardment is quantitatively considerable, but the individual impacts arc not very 
violent, as the speeds of the molecules arc comparatively small owing to· the small free 
path. In the exhausted bulb, ·on the contary, the speeds arc very great, and the individual 
tmpacts are violent and therefore better adapted to produce a visible effect. Besides, 
the convection of heat is greater in the former bulb. In both the bulbs the current 
traversing the filaments is very small, incompnrably smaller than that which they 
require on an ordinary low.frequency circuit. The potential difference, however, at the 
ends of the filaments is very gre~t and might be possibly 20,000 volts or more, if till.! 
filaments were straight ~nd ~heir .ends far apart. In the ordinary lamp a. spark generally 
occurs between the ends of the ftlamcnt or between the platinum wires outside, before 
such a. difference of potentia1 can be reached. 

· It might be objected that in the experiment before shown the bmps, being in 
multiple arc, the exh:~.usted lamp might take a much l:trger current and that the effect 
observed might not be exactly attributable to the action of the gas in the bulbs. Such 
objections will lose much weight if I connect the lamps in series, with the sam'e result. 
When this is done and the discharges are directed through the filaments, it is again 
noted th~t the filament in the non·exhausted bulb I 1 remains dark, while that in the 
exhausted one (/) glows even more intensely than under its normal conditions of 
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working, Fig. 22b. According to general ideas the current through the filaments should 
now be the same, were it not modified by the presence _of the gas around the filaments. 

At this juncture I may point out another interesting feature, which illustrates the 
effect of the rate of change of potential of the currents. I will leave the two lamps 
connected in series to the bars BJ31, as ·in the previous experiment, Fig. 22b, but will 
presently reduce considerably the frequency of the currents, which w:~s excessive in the 
experiment just before shown. This I m:~y do by inserting a self-induction coil in the 
p:~th of the discharges, or by :~ugmenting the capacity of the condensers. When I now 
pass these low-frequency disd1argcs through the. lamps, the exhausted lamp I again is as 
bright as before, but it is noted also tll:J.t the non-exhausted lamp / 1 glows, though not 
quite as intensely as the other. Reducing the current through the lamps, I may bring 
the filament in the latter lamp to redness, :~nd, though the filament in the exhausted 
lamp I is bright, Fig. 22c, the degree of its inc:~ndcscence is much smaller than in 
Fig. 22b, when the currents were of a much higher frequency. . 

In these experiments the gas acts in two opposite ways in determining the degree 
of the incandescence of the f damerits, that is, bj' convection and bombardment. TI1e 
higher the frequency and potential of the currents, the more important becomes the 
bomd:~rdment. The convection on the contrary should be the smaller, the higher the 
frequency. \'V'hcn the currents :~rc steady there is practically no bombardment, and 
convection may therefore. with such currents also considerably modify the degree of 
incandescence and produce results similar to those just before shown .. Thus, if two 
lamps exactly alike, one exhausted and one not exhausted, are connected in multiple 
arc or series to :1 direct-current machine, the filament in the non-exh:~usted lamp will 
require :1 consider:~bly greater current to be rendered incandescent. TI1is result' is entirely 
due to convection, and the effect is the more prominent the thinner ·. the filament. 
Professor Ayrton· :~nd Mr. Kilgour some time ago published quantitative results 
concerning the thermal emissivity by radiation and convection in which the ·effect with 
thin wires was clearly shown. This effect inay be strikingly illuStrated. by preparing 
a number of small, short,. glass tubes, cad1 containing through its· axis the thinnest 
obt:~inable platinum wire. If these tubes be highly exhausted, a number of them may 
be connected in multiple arc to a direct-current machine and all of the wires may be kept 
at inC:J.ndescence with a smaller current than that required to render .incandescent a single 
one of the wires if the tube be not exhausted. Could the tubes be so highly exh:~usted 
that convection would be nil, then the relative :~mounts of heat given off by convec.tion 
and radiation could be determined without the difficulties attending thermal quantit:~tive 

·measurements. If a source of electric impulses of high frequency and very high potential 
is employed, a still greater number of the tubes may be tal,;cn and the wir~ re::~dered 
incandescent by a current not capable of warming perceptibly a wire of the same size 
immersed in air at· ordinary pressure, and conveying the energy to all of them. 

I may here describe a result which is still more interesting, and to which I have 
been led by the observation of these phenomena. I noted that small differences in the 
density of t~e air produced a considerable difference in .the degree of inC:J.ndescence 
of. the wires, and I thought that, since in a tube, through which a luminous ·discharge 
is passed, the gas is generally not of uniform density, a very thin wi.re contained in 
t!le tub.e might be rendered incandescent at certain places of smaller density 
oi the gas, while it would remain dark at the places of gre::tcr density, where the 
convection would be greater and the bombardment less intense.· Accordingly a tube· 
I was prepared, as illustrated in Fig. 23, which contained through the middle a very 
fine platinum wire w. TI1e tube was exhausted to a moderate degree and it was found 
that when it was attached to the terminal of a high-frl!quency coil the platinum wire 
fl' would indeed, become incandescent in patches, as illustrated in Fig. 23. Later a number· 
of these tubes with one or more wires were prepared, each showing this result. ~he effect 
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was best noted when the striated discharge occurred in the tube, but was also produced 
when the striae were not visible, showing that, ·even then, the gas in the tube was< not 
or uniform density. The position of the striae was generally such, that the rarefactions 
corresponded to the places of incandescence or greater brightness on the wire 1v. But 
in a few instances it was noted, that the bright spots on the wire were covered by the 
dense parts of the striated discharge as indicated by l in Fig. 23, though the effect wa~ 
barely perceptible. This was · explained in a plausible way by assuming that the · 
convection was not widely different in the dense and rarefied places, and that the · 
bombardment was greater on the. dense places of the striated discharge. It is, in f:lct, 

l'ig. 23 l'ig. 24. 

often observed in bulbs, that under certain conditions a thin wire is brought to higher 
incandescence when the air is not too highly rarefied. This is the case when the potential 
of the coil is not high enough for the vacuum, but the result may· be attributed to many 
dtfferent causes. In all cases this curious phenomenon· of incandescence disappears wheti 
the tube, or rather the wire, acquires tl_lroughout a uniform temperature. 

Disregarding now the modifying effect of convection thl!re arc then two distinct 
causes which determine the incandc:scence of a wire or fibment with varying currents, 
that is, conduction current and bombardment. With steady currents we have to deal 
only with the former of these two causes, and the heating effect is a minimum, since 
the resistance is least to steady flow. \'\~hen the current is a varying one the resistance 
is greater, and hence the heating effect is increased. Thus if the rate of d1ange of the 
current is very great, the resistance may increase to such an extent that the filament is 
brought to incandescence with inappreciable currents, and we arc able to· take a short 
and thick block of carbon or other material and bring it to bright incandescence with 
a current incomparably smaller than that required to bring to the same degree of 
incandescence an ordinary thin lamp filament with a .steady or low frequency current. 
This result is important, :md illustrates how rapidly our views on thes:: subjects arc 
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changing, and how quickly our field of knowledge is extending. In the.art of incandescent 
lighting, to view this result in one aspect only,. it has been commonly considered as 
an essential requirement for practical success, that the lamp filament should be thin and 
of high resistance. But now we know that the resistance of the filament to the steady 
flow does not mean anything; the filament might as well be short and thick; for if it 
be immersed in rarefied gas it will become incandescent by the passage of .. a small 
current. It all depends on the frequency and potential of the currents. We may conclude 
from this, that it would be of advantage, so far as the lamp is considered, to employ 
high frequencies for lighting, as they .allow the use of short and thick filaments ·and 
smaller currents. 

If a wire or fil:unent be immersed in a homogeneous medium, all the heating is 
due to true conduction current, but if it be enclosed in an exhausted vessel the conditions 
are entirely different. Here the gas begins to act and the heating effect i;>f the conduction 
current, as is shown in many experiments, may be very small compared with that of 
the bombardment. This is especially the case if the circuit is not qo~ed and the potentials 
arc of course very high. Suppose that a fine filament enclosed in an: exhausted vessd 
be connected with one of its ends to the terminal of a high tension coil and with its 
other end to a b.rgc insulated plate. Though the cir¢it is not clos.ed, , the filament, as 
I have before shown, is brought to incandescence. I~ the frequency .and potential be 
comparatively low, the · filament is heated by the current passing throttgh it. If the 
frequency and potential, and principally the latter, be increased, the insulated plate need 
be but very small, or may be done away with entirely; stilt the filanient will become 
incandescent, practically all the heating beii1g then due to the bombardment. A practical 
way of combining both the effects of coriductiqn currents and bombardment is illustrated 
in Fig. 24, in which an ordinary lamp is shown .provided with a very thirt filament which 
has one of the ends of the latter connected to a shade serving the· purpose of the 
insulated plate, and the other end to the terminal of a high tension .sburce. It should 
not be thought that only rarefied gas is an important factor in the heating of a conductor 
by varying currents, but gas at ordinary pressure may become. important,: if the potential 
difference and frequency . of the· currents is excessive. On this subject. I have already 
stated, that when a condutiOr is fused by a stroke of lightning, the current through it 
may be exceedingly small, not even sufficient to heat the conductor perceptibly, were 
the latter immersed in a homogcnco·us medium. . ; .. . . 

From the preceding it is dear that when a conductor of high resistance is connected 
to the terminals of a source of high frequency currents of h igh potential, there may 
occur considerable dissipation of energy, principally at the ends of. the conductor, in 
consequence of the action of the gas surrounding the conductor. · Owing to this, the 
current through a section of the conductor at a point midway between its ends may be 
much smaller than through a se~ion near the ends. Furthermore, the current passes 
principally through the outer portions of the conductor, but this effect is · to be 
distinguished from the ·skin effect as ordinarily interpreted, for the latter would, or 
should, occur also in a continuous incompressible medium. If a great many incandescent 
l:lmps are connected in series to a SO!lrc<: of sud1 c:Urrents, the lamps at the. ends· may 
burn brightly, whereas those in the middle may remain entirely dark. This is due 
principally to bo1nbardment, as before stated. But even if the currents be steady, prqvided. 
the difference of potential is very great, the 'lamps at the end will burn more brightly 
than those in· the middle. In such case there is no rhythmical bombardment, and the 
result is produced entirely. by leakage. This leakage or dissipation into space when 
the tension is high, is considerable when incandescent lamps arc used, and still more 
considerable with arcs, for the latter act like flames. Generally, of course, the dissipation 
is much smaller with steady, than with varying, currents. 
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I have contrived an experiment which illustrates in an interesting manner the effect 
of lateral diffusion. If a very long t'Jbe is attached to the terminal of a high ftcquency · 
coil, the luminosity is greatest near the terminal and falls off gradually towards the 
remote end. This is more marked if the tube is narrow. 

A small tube about one-half inch in diameter and twelve inches long (Fig. 2~). 
has one of its ends drawn out into a fine fibre f nearly three feet long. The tube is 
placed in a brass socket T which can be screwed on the terminal T 1 of the induction 
coil. The discharge passing through the tube first illuminates the bottom of the same, 

• 

Fig. 25 Flg. 26 

which is of comparatively luge section; but through the long glass fibre the discharge 
cannot pass. But gradually the rarefied gas inside becomes warmed and more conducting 
and the discharge spreads into -the glass fibre. This spreading is so slow, that it may 
take half a minute or more until the discharge has worked through up to the top of the 
glass fibre, then presenting the appearance of a strongly luminous thin thread. 
13y adjusting the potential at the terminal ·the light may be made to travel 
upwards at any speed. Once, however, the gl:lss fibre is heated, the discharge breaks 
through its entire length instantly. The interesting point to be noted is that, the higher 
the frequency of the currents, or in other words, the greater relatively the lateral 
dissipation, at a slower rate may the light be made to propagate through the fibre. This 
experiment is best performed with a highly exhausted and freshly made tube. \~en 
the tube has been used for some time the experiment often fails. I t is possible that the 
gr:1dual and slow impairment of the vacuwn is the cause. This slow prop:1gation of the 
discharge through a very narrow glass tube corresponds exactly to the propagation of 
heat through a bar warmed at one end. Tite quicker the heat is carried aw:ty laterally the 
longer time it will take for the heat to warm the remote end. \'V'hen the current of a low 
frequency coi l is passed through the fibre from end to end, then the lateral dissipation 
is small and the disch~rge instantly b~e:tks through nlmost without exception. 

11, Nikol• Tul• 
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After these experiments and observations which have shown the imporhlnce of the 
discontinuity or atomic structure of the medium and which will serve to explain, in 
a measure at least, the nature of the four kinds of light effects producible with these 
currents, I may now give you an illustration of these effects. For the sake of interest 
I may do this in a manner which to many of you might be novel. You have scelli before 
that we may now convey the electric vibration to a body by means of a single wire or 
conductor of any kind. Since the human frame is conducting I may convey the vibration 
through my body. 

First, as in some previous experiments, I connect my body with one of the terminals 
of a high-tension transformer and take in my hand an exhausted bulb whid1 contains 
a small carbon button mounted upon a platinum wire reading to the outside of the bulb, 
and the button is rendered incandescent as soon :IS the transformer is set to work (Fig. 
26). I may place a conducting shade on the bulb which serves to intensify the action, 
but it is not necessary. Nor is it required that the button should be in conducting connection 

ris. 21. I'is. 2S. 

with the hand through 3 wire leading through the glass, for sufficient energy may be 
transmitted through the glass itself by inductive action to render the button inC:lndescent. 

Next I take a highly exhausted bulb conhlining a strongly phosphorescent body, 
above whid1 is mounted 3 small plate of aluminum on a platinum wire leading to the 
outside, and the currents flowing through my body excite intense phosphorescence in 
the bulb (Fig.' 27). Next again I take in my hand a simple exhausted tube, :md in the 
same manner the gas inside the tube is rendered highly incandescent or phosphorescent · 
(Fig. 28). Finally, I may take in my hand a wire, bare or covered with thick insulation, 
it is quite immaterial; the electrical vibration is so intense as to cover the wire with 
a luminous film (Fig. 29). · 

A few words must now be devoted to ead1 of these phenomena. In the first place, 
I will consider the incandescence of a button or of a solid in general, and dwell upon 
some facts which apply equally to all these phenomena. It was pointed out before that 
when 3 thin conductor, such as a lamp filament, for instance, is connected with one of 
its ends to the terminal of a transformer of high tension the filament is brought to 
inrondcsccncc partly by a conduction current and partly by bombardment. TI1e shorter 
and thicker the filament the more important becomes the 'latter, and finally, reducing 
the fibment to a mere button, :til the heating must practically be 3ttributed to the 
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bombardment. So in the experiment before shown, the button is rendered incandescent 
by the rhythmical impact of freely inovable small bodies· in the bulb. These bodies 
may be the molecules of the residual gas, particles of dust or lwnps torn from the 
electrode; whatever they. are, it is certain that the heating of the button is essen"tially 
connected with the pressure of such freely movable particles, or of atomic matter in 
general in the bulb. The heating is the more intense the greater the number of imp:u:ts 
per second and the greater the energy of each impact. Yet the button would be heated 
also if it were connected to a source of a steady potential. In such a case electricity 
would be carried away from the button by the freely movable carriers or particles 
flying about, and the quantity of electricity thus carried away might be sufficient to 
bring the button to incandescence by its passage through the latter. But the bombardment 
could not be of great importance in such case. Fo_r this reason it would require n 
comparatively very great supply of energy to the button to maintain it at incandescence 
with a steady potential. TI1e higher the frequency of the electric impulses the more 

Fis. 29. Fig. 30. Fig. 31. 

economically can the button be maintained at incandescence. One of the chief reasons 
why this is so, is, I believe, that with impulses of very high frequency there is less 
excl1ange of the freely movable carriers around the electrode and this means, that in 
the bulb the heated matter is better confined to the neighborhood of the button. If 
a double bulb, as illustrated in Fig. 30 be made, comprising a large globe B and a small 
one b, ead1 containing as usual a filament f mounted on a platinwn wire rv and 1111, it 
is found, that if the filaments f f be exactly alike, it requires less energy to keep the 
filament in the globe b at a certain degree of incandescence, than that in the globe B. 
This is due to the confinement of the movable particles around the button. In this case it is 
also ascertained, that the filament in the small globe b is less deteriorated when 
maintained a certain length of time at incandescence. Titis is a necessary consequence 
of the fact that the gas in the small bulb becomes strongly heated and therefore a very 
good conductor, and less work is then performed on the putton, since the bombardment 
becomes less intense as the conductivity of the gas increases. In this construction, of 
course, the small bulb becomes very hot and when it reaches an elevated temperature 
the convection aq_d radiation on the outside increase. On another occ.1sion I have 
shown bulbs in wl1ich this drawback was largely avoided. In these instances a very 
small bulb, containing n refractory button, was mounted in a large globe and the space 
between the walls of both was highly exhausted. The outer large globe remained 
comparatively cool in such constructions. When the luge globe was on the pwnp and 
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. 
the vacuum between the walls maintained permanent by the contin'uous · action of the 
pump, the outer globe would remain quite cold, while the buttoq in the small bulb 
was kept at incandescence. But when the seal was made, and the button in the small 
bulb maintained incandescent some length of time, the large globe too would become 
warmed. from this I conjecture that if vacuous space (as Prof. Dewar.' finds) cannot 
convey heat, it is so merdy in virtue of our rapid motion through space or, generally 
speaking, by the motion of the medium relatively to us, for a permanent condition 
could not be maintained without the medium being constantly renewed. A vacuum 
cannot, according to all evidence, be permanently maintained around a hot body. 

In these constructions, before mentioned, the small bulb inside would, at least in 
the first stages, prevent all bombardment against .the outer large globe. It occurred to 
me then to ascertain how a metal sieve would behave in this respect, and several bulbs, 
as illustrated in Fig. 31, were prepared for this purpose. In a globe b, was mounted 
a thin filament f (or button) upon a platinum wire w passing through a glass stem 
and leading to the outside of the globe. The filament f was Sllrrounded by a metal 
sieve s. It was found in experiments with such bulbs that a sieve with wide meshes 
apparently did not in the slightest affect the bombardment against the globe b. When 
the vacuum was high, the shadow of the sieve was dearly projected against the globe 
and the latter would get hot in a short while. In some bulbs the sieve s 'was connected 
to a platinum wire sealed in the glass. When this wire was connected to the other 
terminal of the induction coil (the E. M. F. being kept low in this case), or to an 
insulated plate, the bombardment against the outer globe b was diminished. By taking 
a sieve with fine meshes the bombardment against the globe b was always diminished, 
but even then if the e-xhaustion was carried very far, and when the potential of the 
transformer was very high, the globe b would be bombarded and heated quickly, though 
no shadow of the sieve was visible, owing to the smallness of the meshes. But a glass 
tube or other continuous body mounted so as to surround the .filament, did entirely cut 
off the bombardment and for a while the outer globe b would remain perfectly cold. 
Of course when the glass tube was sufficiently heated the bombardment against the 
outer globe could be noted at once. The experiments with these bulbs seemed to show 
that the speeds of the projected molecules or particles must be considerable (though 
quite insignificant when compared with that of light), otherwise it would be difficult 
to understand how they could traverse a fine metal sieve without being affected, unless 
it were ·found that such small particles or atoms cannot be acted upon directly at 
measurable distances. In regard to the speed of the projected atoms, Lord Kelvin has 
recently estimated it at about one kilometre a second or thereabouts in an ordinary 
Crookes bulb. As the l)otentials obtainable with a disruptive discharge coil arc much 
higher than with ordinary coils, the speeds must, of course, be much greater wh::-n the 
bulbs arc lighted from sud1 a coil. Assuming the speed to be as high as five kilometres 
and uniform through the whole trajectory, as it should be in a very highly exhausted 
vessel, then if the alternate elcctrific;r.tions of the electrode would be of a frequency 
of five million, the greatest distance a particle could get away from the electrode would 
be one millimetre, and if it could be acted upon directly at that distance, the exchange 
of electrode m:ttter or of the atoms would be very slow and there would be practic:tlly no 
bombardment against the bulb. 1l1is at least .should be so, if the action of an electrode 
upon the atoms of the residual gas would be such· as upon electrified bodies wl>ich we 
can perceive. A hot body enclosed in an exhausted bulb produces always atomic 
bombardment, but a hot body h~s no definite rhythm, for · its molecules pcrforrri 
vibrations of all kinds. 

If a bulb containing a button or filament be exhausted as high as is possible with 
the greatest care ahd by the use of the best artifices, it is often observed that the 
discharge cannot, at first, break through, bul' after some time, probably in consequence 
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of some d1anges within the bulb, the discharge finally passes through and the button 
is rendered incandescent. In fact, it appears that the higher the degree of exhaustion 
the easier is the incandescence produced: There seem to be no other causes to which 
the incandescence might be attributed in sudt case except to the bombardment or similar 
action of the residual gas, or of particles of matter in general. But if the bulb be 
exhausted with the greatest care can these ·play an important part? Assume the vacuum 
in the bulb to be tolerabli perfect, the great interest then centres in the ·question: Is the 
medium which pervades all space continuous or atomic? If atomic, then the heating 
of a conducting button or filament in an exhausted vessel might be due largely to ether 
bombardment, and then the heating of a conductof in general through which currents 
of high frequency or high potential are passed must be modified by the behavior of 
such medium; · then also the skin effect, the apparent increase of the ohmic resistance, 
etc., admit, parti:tlly :tt least, of a different explanation. · 

It is certainly more in accordance with many phenomena observed with high
frequency currents to hold that all space is pervaded with free atoms, rather than to 
assume th:tt it is devoid of these, and dark and cold, for so it must be, if filled with 
a continuous medium, since in such there can be neither heat nor light. Is then energy 
transmitted by independent carriers or by the vibration of a continuous medium? This 
important question is by no means as yet positively answered. But most of the effects 
which are here considered, especially the light effects, incandescence, or phosphorescence, 
involve the presence of free atoms and would be impossible withoht these. 

In regard to th.e incandescence of a refractory button (or filament) in an exhausted 
receiver, which has been one of the subjects of this investigation, the chief experiences, 
which may serve as a guide in constructing such bulbs, may be summed up as follows : 
1. The button should be as small as possible, spherical, of a smo_oth or polished surface, 
and of refractory material which withstands evaporation beSt. 2. The support of the 
button sho"uld be very thin and screened by an aluminum and mica sheet, as I have 
described on another occasion. 3. The exhaustion of th¢ bulb should be as high as 
possible. 4. The frequency of the currents should be as high as practicable. 5. The 

. currents should be of a harmonic rise and fall, without sudden interruptions. 6. The 
heat should be confined to the button by inclosing the same in a small bulb or otherwise. 
7. The space between the walls of the small bulb and the outer globe should be highly 
exhausted. • · . 

Most of the consiclerations which apply . to the incandescence of a solid just 
considered may likewise be applied to phosphorescence. Indeed, in an exhausted vessel 
the phosphorescence is, .as a rule, primarily excited by the powerful beating of the 
electrode stream of atoms against the phosphorescent body. Even in many cases, where 
there is no evidence of such a bombardment, I think that phosphorescence is excited by 
violent impacts of atoms, which are not necessarily "thrown off from the electrode but 
are acted upon from the same inductively through the medium or through chains of 
other atoms. That mechanical shocks play an important part in exciting phosphorescence 
in a bulb may be seen from the following experiment. If a bulb, constructed as that 
illustrated in Fig. 10, be taken and exhausted with .the greatest care so that the discharge 
cannot pass, the filament f acts by electrostatic induction upon the tube t and the 
latter is set in vibration. If the tube o be rath·er wide, about an inch or so, the filament 
may be so powerfully vibrated that whenever it hits the glass tube it excites phos
phorescence. But the phosphorescence ceases. when the filament comes to rest. The . 
vibration can be arrested and again started by varying the frequency of the currents. 
Now the filament has its own period of vibration, and if the frequency of the currents 
is such that there is resonance, it is easily set vibrating, though the potential of the 
currents be small. I have often observed that the filament in . the bulb is destroyed by 
such mechanical resonance. The filament vibrates as a rule so rapidly that it cannot be seen 
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and the experimenter may at first be mystified. When such an experiment as the one 
described is carefully performed, the potential of the currents need be extremely small, 
and for this reason· I infer that the phosphorescence is then due to the mechanical shock 
of the filament against the glass, just as it is produced by striking a loaf of sugar with a 
knife. The mechanical shock produced by the projected atoms is easily noted when a: 
bulb containing a button is grasped in the hand and the current turned on suddenly. 
I belie,·e that a bulb could be shattered by observing the conditions of resonance. 

In the experiment before c.ited it is, of course, open to say, that the glass tube, 
upon coming in contact with the filament, retains a charge of a certain sign upon the 
point of contact. If now the filament again touches the glass at the same. point white· 
it is oppositely charged, the charges equalize under evolution of light. But nothing 
of importance would be gained by such ail explanation. It is unquestionable that the 
initial charges given to the atoms or to the glass play some part in exciting phos
phorescence. So, for instance, if a phosphorescent bulb be first excited by a high 
frequency coil by con!lccting it to one of the terminals of the latter and the degree of 
luminosity be noted, and then the bulb be highly charged from a Holtz machine by 
att:~ching it preferably to the positive terminal of the machine, it is found that when 
the bulb is again connected to the terminal of the high frequency coil, the phospholes
cence is far more intense. On another occasion I have considered the possibility of some 
phosphorescent phenomena in bulbs being produced by the incandescence of an 
infinitesimal layer on the surface of the phosphorescent body: Certainly the impact of 
the atoms is powerful enough to produce intense incandescence by the collisions, since 
they bring quickly to a high temperature a body of considerable bulk . .If any such effect 
exists, then the best appliance for producing phosphorescence in a bulb, which we know 
so far, is a disruptive disch:uge coil giving an enormous potential with but few 
fundamental discharges, say 25-30 per se<ond, just enough to produce a continuous 
impression upon the eye. It is a fact that such a coil excites phosphorescence under 
almost any condition and :It all degrees of exhaustion, and I have observed effect> 
which appear to be due to phosphorescence even at ordinary pressures of the atmosphere, 
when the potentials arc extremely high. But if phosphorescent light is produced by 
the equalization of charges of electrified atoms (whatever this may mean ultimately), 
then the higher the frequency of the impulses or alternate electrifications, the more 
economical will be the l'ight production. It is a long known and noteworthy fact that 
all the phosphorescent bodies are poor conductors of electricity. and heat, and that all 
bodies cease to emit phosphorescent light when they arc brought to a certain temperature. 
Conductors on the contrary do not possess this quality. 11lerc are but few exceptions 
to the rule. Carbon is one of them. Be<querel noted th:tt c:ubon phosphoresces at a certain 
elevated temperature preceding the dark red. This phenomenon m:ty be easily observed 
in bulbs provided with a rather l:uge carbon electrode (say, a sphere of six millimetres 
diameter). If the current i~ turned on after a few seconds, a snow white film covers the 
electrode, just before it gets dark red. Simibr effect'S are noted with other conducting 
bodies, but many scientific men will probably not attribute them to true phosphorescence. 
Whether true incandescence has anything to do with phosphorescence excited by atomic 
impact or mechanical shocks still remains to be decided, but it is a fact that all conditions, 
which tend to localize and increase the heating ·effect at the point of impact, are almost 
invariably the most favorable for the production of phosphorescence. So, if the electrode 
be very small, which is equivalent to saying in genera.!, that the electric density is great; 
if the potential be high, and if the gas be highly rarefied, all of which things imply 
high speed of the projected atoms, or matter, and consequently violent imp:tcts - the 
phosphorescence is very intense. If a bulb provided with a large and small electrode 
be attached to the terminal of an induction coil, the small electrode excites phospores-· 
ccnce while the large one may not do so, because of the smaller electric density and hence 
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smaller speed of the atoms. A bulb provided with a large electrode may be grasped with 
the hand while the electrode is connected to the terminal of the coil and it may not 
phosphoresce; but if instead of grasping the bulb with the hand, the same be touched 
with a pointed wire, the phosphorescence at once spreads through the bulb, because of 
the great density at the point of contact. With low frequencies it seems that gases of 
great atomic weight excite more intense phosphorescence than those of smal,{rr weight, 
as for instance, hydrogen. \'\lith high frequencies the observations are not ~fficiently 
reliable to draw a conclusion. Oxygen, a:. is well-known, produces exceptionally strong 
effects, which may be in part due to chemical action. A pulb with hydrogen residue. 
seems to be most easily excited. Electrodes which :ue most easily deteriorate<! produce 
more intense phosphorescence in bulbs, but the condition is not permanent because of 
the impairment of the vacuum and the deposition of the electrode matter upon . the 
phosphorescent surfaces. Some ·liquids, as oils, for instance, produce magnificent effects 
of phosphorescence (or fluorescence?), but they last only a few seconds. So if a bulb 
has a trace of oil on the walls and the current is turned on, the phosphorescence only 
persists for a few moments until the oil is carried away. · Of all bodies so far tried, 
sulphide of zinc seems to be the most susceptible to phosphorescence. Some samples, 
obtained through the kindness of ProL Henry in Paris, were employed in many of 
these bulbs. One of the defects of this sulphide is, that it loses its quality of emitting 
light when brought to a temperature which is by no means high. It can therefore, be 
used only for feeble intensities. An observation which might deserve notice is, that 
when violently bombarded from an aluminum electrode it assumes a black color, but 
singularly enough, it returns to the original ·condition when it cools down. 

The most important fact arrived at in pursuing investigations in this direction is, 
that in all cases it is necessary, in order to excite phosphorescence with a minimum 
amount of energy, to observe certain conditions. Namely, there is always, no matter 
what the frequency of the currents, degree of exhaustion and character of the bodies 
in the bulb, a certain potential (assuming the bulb excited from one terminal) or 
potential difference (assuming the bulb to be excited with both terminals) which 
produces the .most economical result. If the potential be increased, considerable energy 
may be wasted without producing any more light, and if it be diminished, then again 
the light production is not as economical. The exact condition under which the best result 
is obtained seems to depend on many things of a different nature, and it.is to be yet 
investigated by other experimenters, but it will certainly have to be observed when such 
phosphorescent bulbs are· operated, if the best results are to be obtained. 

Coming now to the most interesting of these phenomena, the incandescence or 
phosphorescence of gases, at low pressures or at the ordinary pressure of the atmosphere, 
we must seek the explanation of these phenomena. in the same primary causes, that is, 
in shocks or impacts of the atoms. Just as molecules or atoms beating upon a sol id body 
excite phosphorescence in the same or render it incandescent, so when colliding among 
themselves they produce similar phenomena.· But this is a very insufficient explanation 
and concerns only the crude mechanism. Light is produced by vibrations which go on 
at a rate almost inconceivable. If we compute, from the energy contained in the form of 
known radiations in a definite space the force which is necessary to set ' up sucl1 rapid 
vibrations, we Jind, that though the density of the ether be incomparably smaller than 
that of any body we know, even hydrogen, the force is something surpassing 
comprehension. What is this force, whiclt in mechanical measure may amout to thousands 
of tons per square inch? It is electrostatic force in the light of modern views. It is 
impossible to conceive how a body of measurable dimensions could be charged to so high 
a potential that the force would be sufficient to pre~~:luce these vibrations. Long before 
any such charge could be imparted to the body it would be shattered into atoms. The sun 
emits light and heat, and so docs an ordinary flame or incandescent filament, but iu 
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neither of these can the force be accounted for if it be assumed that it is :ISsociated with 
the body :IS a whote. Only in one way may we account for it, namely, by identifying 
it with the atom. An atom is so small, that if it be charged by coming in contact with an 
electrified body and the charge be assumed to follow the same law as i!) the case of bodies 
of measurable dimensions, it must retain a quantity of electricity which is fully capable 
of accounting for these forces and tremendous rates of vibration. But the atom behaves 
singul:uly in this respect - it :~!ways takes the same "ch:~rge". 

It is very likely that resonant vibration plays a most import:lnt part in all 
.manifest:J.tions of energy in n:~ture. 11uoughout space all 'matter is vibrating, :~nd all rates 
of vibration :~re represented, from the lowest musical note to the highest pitch of the 
chemical rays, hence an atom, or complex of atoms, no matter what its period, must find 
a vibration with which it is in resonance. \Vhen we consider the ·enormous rapidity ·of 
the light vibrations, we realize the impossibility of producing such vibrations directly 
with any apparatus of measurable dimensions, and we are driven to the only possible 
means of attaining the object of setting up waves of light by electrical means and 
economically, that is, to affect the molecules or atoms of a gas, to cause them to collide 
and vibrate. We then must :ISk ourselves - How can free molecules or atoms be 
affected? 

It is a fact that they can be affected by electrostatic force, as is apparent in many 
of these experiments. By varying the electrostatic force we can agitate the atoms, :~nd 
cause them to collide accompanied by evolution of heat and light. It is not demonstrated 
beyond doubt that we can :~ffect them otherwise. If a luminous discharge is produced 
in :1 closed exhausted tube, do the atoms arrange themselves in obedience to any other but 
to elcctrost:J.tic force acting in straight lines from atom to :~tom? Only recently I inve
stigated the mutual action between two circuits with extreme rates of vibration. When a 
battery of a few jars ( c c c c, Fig. 32), i; discharged through a primary P of low resistance 
(the connections being as illustrated in Figs. 19a, 19b and 19c), and the frequency of 
vibration is many millions· there ace great differences of potential between points on the 
primary not more than :1 few inches apart. These differences may be 10,000 volts per ind1, 
if not more, taking the maximum value of the E. M. F. The secondary S is therefore acted 
upon by electrostatic induction, which is in sud1 extreme cases of much greater importance 
than the electro-dynamic. To such sudden impulses the primary as well as the. secondary 
are poor conductors, and therefore great differences of potential may be produced by 
electrostatic induction between adjacent points on the secondary. Then sp:~rks may jump 
between the wires and streamers become visible in the dark if the light of the discharge 
through the spark gap d d be carefully excluded. If now we substitute a closed vacuum 
tube for the .metallic secondary S, the differences of potential produced in the tube by 
electrostatic induction from the primary are fully sufficient to excite portions of it; but 
:IS the points of certain differences of potential on the primary are not fixed, but are 
generally constantly changing in position, a luminous band is produced in the tube, 
apparently not touching the glass, as it should, if tl1e points of maximum and minimum 
differences of potential were fixed on the primary. I do not exclude the possibility 
of such a tube being excited only by cle~ro-dynamic induction, for very able physicists 
hold this view; but in my opinions, there is as yet no positive proof given that atoms 
of a gas in a cl~ed tube may arrange themselves in chains under ·the :tction of an 
electromotive impulse produced by electro-dynamic induction in the tube. I have 
been unable so far to produce striae· in a tube, however long, and at whatever d;eg.rec 
of exhaustion, that is, striae at right angles to the supposed direction of the 
discharge or the axis of the tube; but I · have distinctly observed in a large bulb, 
in whid1 a wide luminous band was produced by passing a discharge of a battery 
through a wire surrounding the bulb, a circle of feeble luminosity between two 
luminous bands, one of which was more intense than the other. Furthermore, with my 
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present experience I do not think that such a g:lS discharge in a dosed tube can vibrate, 
that is, vibrate :lS a whole. I am convinced that no discharge through a gas can vibrate. 
The atoms of a gas behave very curiously in respect to sudden electnc impulses. The gas 
does not seem to possess any appreciable inertia to such impulses, for it is a fact, that 
the higher the frequency of the impulses, with the greater freedom does the 
discharge pass through the gas. If the gas possesses no inertia then it cannot vibmte, for 
some inertia is necessary for the free vibration. I conclude from this that 
if a lightning discharge occurs between two douds, there can be no oscillation, 
such as would be expected, considering the capacity of the clouds. But if the lightning 
discharge strike the e:uth, there is always vibration - in the earth, but not in the cloud. 
In a gas discharge each atom vibrates at its own rate, but there is no vibration of the 
conducting gaseous mass as a whole. TI1is is an important consideration in the great 
problem of producing light economically, for it teaches us that to reach this result we 
must use impulses of very high frequency and necessarily also of high potential. It is 
a fact that oxygen produces a more intense light in a tube. Is it because oxygen atoms 
possess some inertia and the vibration does not die out instantly? But then nitrogen 
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should be as good, and chlorine and vapors of many other bodies much better than 
oxygen, unless the magnetic properties of the lntter enter prominently into piny. Or, is 
the process in the tube of an electrolytic nature? Many observations certainly speak for 
it, the most important being that matter is always carried away from the electrodes 
and the vacuum in a bulb cannot be permanently maintained. If such process takes place 
in reality, thcri again must we take refuge in high frequenCies, for, with such, electrolytic 
action should be reduced to a minimum, if not ·rendered entirely impossible. It is an 
undenioble fact that with very high frequencies, provided the impulses be of harmonic 
nature, like those obtoined from an alternator, there is less deterioration and the vacua 
are more permanent. With disruptive discharge coils there are sudden rises of potcnti:U 
and the vacu;t arc more quickly impaired, for the electrodes are deteriorated in a very 
short time. It W:lS observed in some large tubes, which were provided with heavy carbon 
blocks B B1, connected to platinum wires 111 tu1 (:IS illustrated in Fig. 33), and which 
were employed in experiments with the disruptive discharge instead of the ordinary air 
gap, that the carbon particles under the action of the powerful magnetic field in which 
the tube W:lS placed, were deposited in regular fine lines in the middle of the tube, 
as illustrated. TI1ese lines were attributed to the deflection or distortion of the discharge 
by the magnetic field, but why the deposit ocdmed principally where the field was most 
intense did not appear quite clear. A fact of interest, likewise noted, was that· the 
pr~sencc of a strong magnetic field increases the deterioration of the electrodes, probablv 
by rca.~on of the rapid interruptions it produces, whereby there is actually a higher 

E. M. F. maintained between the electrodes. 
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Much would remain to be said about the luminous effects produced in gases at low 
or ordinary pressures. With the present experiences before . us we cannot say that the 
essential nature of these charming phenomena is sufficiently known. But investigations 
in this direction are being pushed with exceptional ardor. Every line of scientific pursuit 
has its fascinations, but electrical investigation appears to possess a peculiar attraction, 
for there is no experiment or observation of any kind in the domain of this wonderful 
science which wotild not forcibly appeal to us. Yet to me it seems, that of all the many 
marvelous things we observe, a vacuum tube, excited by an electric impulse from a 'distant 
source, bursting forth out of the darkness. and illuminating the room with its beautiful 
light, is as lovely a phenomenon as can greet our eyes. More interesting still it appears 
when, reducing the fundamental discharges across the gap to a very small· number and 

Fig. 34 

waving the tube about we produce all kinds of designs in luminous lines. So by way of 
amusement I take a straight long tube, or a square one, or a square attached to a 
straight tube, and by whirling them about in the hand, I imitate the spokes of a wheel, a 
Gramme winding, a drum winding, an alternate current motor winding, etc (Fig. 34). 
Viewed from a distance the effect is weak and mud1 of its beauty is lost, but being near 
or holding the tube in the hand, one cannot resist its charm. 

In presenting these insignificant results ·I have not attempted to :mange :1nd co
ordinate them, as would be proper in a strictly scientific invest igation, in which every 
succeeding result should be a logical sequence of the preceding, so th:~t it might be 
guessed in advance by the c:~reful reader or attentive listener. I have preferred to 
concentrate my ~nergies d1iefly upon advancing novel f3cts or ideas which might serve 
as suggestions to others, and this may serve as an excuse for the Jack of harmony. TI1e 
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explan:~tions of the phenomena have been given in good faith and in the spirit of n 
student prepared to find that they :~dmit of a better interpretation. There can be no great 
hum in a student taking an erroneous view, but w~en great minds err, the world must 
dearly pay for their mistakes. 

• 
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HIGH FREQUENCY OSCILLATORS FOR ELECTRO-THERAPEUTIC 
AND OTHER PURPOSES• 

Some theorctic:1l .possibilities offered by currents of very high frequency and 
obscrv:1tions which I casually made while pursuing experiments with altern:1ting currents, 
as well as the stimulating influence of the. work of Hertz and of views boldly put forth 
by Oliver Lodge, determined me some time during 1889 to enter a ·systematic investigation 
of high frequency phenomena, and the results soon reached were such as to justify further 
efforts towards providing the labor:1tory with efficient means for carrying on the rese:1rch 
in this p:1rticular field, whid1 has proved itself so fruitful since. As a consequence 
alternators of special design were constructed and various arrangements for .converting 
ordinary into high frequ~ncy currents perfected, both of which were duly described and 
are now - I assume - bmiliar. 

One of the early observed and remarkable features of the high frequency currents, 
and one which was chiefly of interest to the physician, was their apparent harmlessness 
which made it possible to pass relatively great amounts of electrical energy through the 
body of a person without . causing pain or serious discomfort. This peculiarity which, 
together with other mostly unlooked-for properties of these currents I had the honor 
to bring to the attention of scientific men first in an article in a technical journal in 
February, 1891, and in subsequent contributions to scientific societies, made it at once 
evident, that these currents woul~ lend themselves par.ticularly to electro-t~erapeutic uses. 

With regard to the 'Clectrical actions in general, and by analogy it was reasonable to 
infer that the physiological l!ffects, however complex, might be resolved in three classes. 
First the statical, that is, such.·as are chiefly dependent on the magnitude of electrical 
potential; second, the dynamical, that is, those .principally dependent on the quality of 
electrical movement or current's strength through the body, and third, effects of a distinct 
nature due to electrical waves or oscillations, that is, impulses in which the electrical 
energy is alternately passing in more or less rapid succession through the static and 
dynamic forms. · 

Most generally in practice these different actions arc coexistent, but by a suitable 
selection of apparatus and observance of conditions the experimenter m:1y m:1ke one or 
other of these effects predominate. Thus he may pass through the body, or any part 
of the same, currents of comparatively large volume under a small electrical pressure, or 
he may subject the body to a high electrical pressure while the current is negligibly small, 
or he may put the patient under the influence of electrical waves transmitted, if desired, 
at considerable distance through space. 

While it remained for the physician to investigate the specific actions on the 
organism and indicate proper methods of treatment, the various ways of applying these 
currents to the body of a patient suggested themselves readily to the electrici:10. 

• Read at the eighth annual meeting of 1 he American Electro·Thcropeutic Association, Duffalo, 
N. Y., Sept. B to 1~, 1898 
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As one cannot be too clea,r in describing a. subject, a diagranunatic illustration of 
the several modes of connecting the circ\Iits which I will enumerate, though obvious for 
the majority, is deemed of advantage. · • 

The first and simplest method of applying the currents was to connect the body of 
the patient to two points of the gener.\tor, be it a dynamo or induction coil. Fig. 1 is 
intended to illustrate. this case. The alternator G may be one giving from five to ten 
thousand complete vibrations per second, this number being still within the 'limit of 
practicabitity. The electromotive force- as measured by a hot wire instrument- may be 
from fifty to one hundred volts, To enab!e strong currents to be passed.through the tissues, 
the terminals T T, which serve to establish contact with the patient's body should, of 
course, be of large area, and covered with cloth saturated with a solution of electrolyte 
harmless to the skin, or else the contacts are made by immersion. The regubtion of the 
currents is best effected by means of an insulating trough A provided with two metal 
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terminals T' T' of considerable surface, one of which, at least, should be movable. 
The trough is filled with water, and an electrolytic solution is added to the same, until 
:1 degree of conductivity is obtained suitable for the experiments. 

When it is desired to use. small currents of high tension, a secondary coil is resorted 
to, as illustrated in Fig. 2. I have found it from the o~tset convenient to m:lke a. dep:trture 
from the ordinary ways of viioding the coils with a considerable number of small turns. 
For many reasons the physician will find it better to provide a large hoop H of not less 
than, say, three feet in diameter and preferably more, and to wind upon it a few turns 
of stout cable P. TI1e secondary coil S is easily prepared by taking two wooden hoops h h 
and joining them with stiff cardboard. One single layer of ordinary magnet wire, and not 
too thin at that, will be gen'erally sufficient, the number of turns necessary for the 
particular use for which the coil is intended being easily ascertained by a few trials. 
Two plates of large surface, forming an adjustable condenser, may be used for the 
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purpose of synchronizing the secondary with the primary circuit, but this is generally 
not ne·cessary. In this manner a cheap coil is obtained, and one which cannot be easily 
injured. Addition:~! advantages, however, will be found in the perfect regulation whid1 
is effected merely by alterihg the distance between the primary and secondary, for which 
adjustment provision should be made, and, furthermore, in the occurreoce of harmonics 
which are more pronounced in such large coils of thick wire, situated at some distance 
from the primary. . . 

The preceding :lrrangements may also be used with .alternating or interrupted 
currents of low frequency, but certain peculiar properties of high frequency currents make 
it pos-sible to apply the latter in ways entirely impracticable with the former. 

One of the prominent d1aracteristics of high frequency or, to be more gener:~l, of 
rapidly varying currents, is that they pass with diffieulty through stout conductors of high 
self-induction. So great is the obstruction which self-induction offers to their passage that 
it was found practicable, as shown in the early experiments to which reference has been 
nu de, to maintain d ifferences of potential of many .thousands of volts between two points 
- not more than a fcvi inches apart - of a thick copper bar of inappreciable resistance. 
This observation naturally suggested the disposition illustrated in Fig. 3. The source of 
htgh frequency impulses is in this instance a familiar type of transformer which may 
be .supplied from a generator G of ordinary direct or alternating currents. The transformer 
comprises a primary P, a secondary S, two condensers C C which are joined in series, a 
loop or coil of very thick wire L and a circuit interrupting device or break b. Thei currents 
arc derived from the loop L by two <:Onlacts c c', one or both of which are capable of 
displacement along the wire L. By . varying the distance between these contacts, any 
dtfference of potential, from a few volts to many thousands, is readily obtained on the 
terminals or handles T T. This mode of using the currents is entirely safe and particularly 
convenient, but it requires a very uniform working of the break b eri1ployed for charging 
and discharging the condenser. 

Another equally remarkable feature of high frequency impulses was found in the 
facility with which they are transmitted through condensers, moderate electromotive forces 
and very small capacities being required to enable currents of considerable volume to 
pass. This observation made it practicable to resort to a plan such as indicated in Fig. 4. 
Here the connections are similar to those shown in the preceding case; except that the 
condensers C C are joined in parall.el. This Jowers the frequency of the currents, but has 
the advantage of allowing the working with a much smaller difference of potential on the 
terminals of the secondary S. Since the latter :is the chief item of expense of such 
apparatt1s and since its price rapidly increases with the tiumbcr of turns required, the 
experimenter will find it generally cheaper to make a sacrifice in the frequency, which, 
however, will be high enough for most purpose!>. However, he only needs to reduce 
proportionately the number of turns or the length of primary p to obtain the same 
frequency as before, but the economy of transformation will be somewhat reduced ln so 
doing and the break b will require more attention. The secondary S' of the high frequency . 
coil has two metal plates t t of considerable surface connected to its terminals, and the 
current for use is derived from two similar plates t' t' in proximity to the former. Both 
the tension and volume of the currents taken from terminals T T may be easily regulated 
and in a continuous manner by simply varying the distance between the two pairs of 
plates t t and t' t' respectively. 

A facility is also afforded in this disposition for raising or lowering the potential 
ot one of the terminals T, irrespective of the changes produced on the other terminal, 
this making it possible to cause a stronger action on one or other part of the patient's 
body. 

The physician may find it for some or other reason convenient to modify the 
arrangements in Figs. 2, 3 and 4 by connecting one terminal of the high frequency source 
to the ground. The effects will · be in most respects the same, but certain peculiarities 
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will be noted in each case. When a ground connection is made it may be of some 
consequence. which of the terminals of the secondary is connected to the ground, as in 
high frequency discharges the impulses of one direction are generally preponderating. 

Among the various noteworthy features of these currents there is one which lends 
itself especially to many valuable uses. It is the facility which they afford for conveying 
large amounts of electrical energy to a body entirely insulated in space. TI1e practicability 
of this method od energy transmission, which is already receiving useful applications and 
promises to become of great importance in the hear future, has helped to dispel the 
old noti<?n assuming the necessity of a return circuit for the conveyance of electrical 
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energy in any considerable amount. With novel appliances we arc enabled to pass throi.tgh 
a wire, entirely insulated on one end, currents strong enough to fuse it, or to convey 
through the wire any amount of energy to an insulated body. TI1is mode of applying high 
frequency currents in medical treatment appears to me to offer the greatest possibilities 
at the hands of the physician. The effects produced in this manner possess feahll'(~S 
entirely distinct from those observed when the currents arc applied in any of the before 
mentioned or similar ways. 

The circuit connections as usually made arc illustrated schematically in Fig. 5, which, 
with reference to the diagrams before shown, is self-explanatory. TI1e condensers C C, 
connected in series, are preferably charged by a step-up transformer, but a high frequency 
alternator, static mad1ine, or a direct current generator, if it be of sufficiently hit;h 
tension to enable the usc of s1nall condensers, may be used with more or less success. The 
primary p. through ·which the high frequency discharges of the condensers arc passed, 
consists of very few turns .of cable of as low resistance as possible, and the secondary 
s, preferably at some distance from the primary to facilitate free oscillation, has one of 
its ends- that is the one which is nearer to the primary - connected to the ground, while 
the other end leads to on insulated terminal T, with whid1 the body of the patient is 
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connected. It is of importance in this case to establish synchronism between the 
oscillations in the primary and secondary circuits p and s respectively. This will be as 
a rule best effected by varying the self-induction of the circuit including the primary 
loop or coil p, for whid1 purpose an adjustable self-induction e is provided; but in cases 
when the electromotive force of the generator is exceptionally high, as when a static 
machine is used and a condenser consisting of merely two plates offers sufficient capacity, 
it will be simpler to attain the same object by varying the distance of the plates. 

TI1e primary and· seco0dary oscillations being in dose synd1fonism, the points of 
highest potential will be on a part ·of terminal T, and the consumption of energy will · 
occur chiefly there. The attachment of the p:1ticnt's body to the terminal will in most 
cases very materially affect the period of oscil!:J.tion in the secondary, ~aking it longer, 
and :1 readjustment of the primary circ\lit will have to be made in ead1 case to suit the 
capacity of the body connected with terminal T. Synchronism should always be preserved, 
and the intensity of the action var~e~ by moving the secondary coil to or from the 
primary, as may be desired. I know of no method which would make it possible to subject 
the human body to sud1 excessive electrical pressures as arc practicable with this, or 
of one which would en:1ble tho conveying to and giving off from the body without 
serious injury amounts of electrical energy approximating even in a remote degree those 
which are entirely practicable when this manner of applying the energy is resorted to. 
This is evidently due to the fact that action is chiefly superficial, the largest possible 
section being offered .to the transfer of the current, or, to say more correctly, of the 
energy. With a very rapidly and smoothly working break I would not think it impossible 
to convey to the body of a person and to give off into the space energy at the rate of 
several horse power with impunity, while a small part of this an10unt applied in other 
ways could not fail to produce injury. 

When a person is subjected to the action of such a coil, the proper adjustments being 
carefully observed, luminous streams arc seen in the dark issuing from all parts of the 
body. These streams arc short and of delicate texture when the nwnber of breaks is very 
great and the action of the device b (fig. 5) free of any irregularities, but when the 
number of brcai<s is small or the action of the device imperfect, long and noisy streams 
appear whid1 cause some· discomfort. TI1c physiological effects produced with apparatus 
of this kind may be gr:1dua.ted from a hardly perceptible action when the secondary is 
at a great distance from the primary, to a most violent one when both coils are placed 
at a small distance. In the latter case only a few seconds are sufficient to cause a feeling 
of warmth all over the body, and soon after the person perspires freely. I have repeatedly, 
in dcmonstr:ttions to friends; exposed myself longer to the action of the oscillations, 
and each time, after the lapse of an hour or so, an immense fatigue, of which it is 
dtfficult to give an idea, would take hold of me. It was greater than I experienced on 
some occasions after the most straining and prolonged bodily exertion. I could scarcely 
make a step and could keep the eyes open only with the' greatest difficulty. I slepr 
soundly afterward, and the after-effect was certainly beneficial, but the medicine was 
manifestli too strong to be used frequently. · · · 

One should be cautious in performing such experiments for more than one reason. 
At or near the surface of the skin, where the most intense action takes place, various 
chemical products are formed, the chief being ozone and nitrogen compounds. The former· 
is itself very destructive, this feature being illustrated by the fact that the rubber insulation 
of a wire is destroyed so quickly as to make the usc of such insulation entirely 
impracticable. The compounds of nitrogen, when moisture is present, consist largely of 
nitric acid which might, by· excessive application, prove hurtul to the skin. So far, I 'have 
not noted injuries which could be traced directly to this cause, though on severai 
occasions burns were ·produced in all respects similar to those which were latcr.obscrved 
and attributed to the Rontgen rays. This view is seemingly being abandoned, having not 
been substantiated by experimental facts, and so also is the notion that these rays are· 
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transverse vibrations. I3ut while investigation is being turned in what appears to be the 
right direction, scientific men are still at sea. This state of things impedes the progress 
of the physicist in these new regions and makes the already h3!d task of the physician 
still more difficult and uncertain. 

One or two observations. made wbile pursuing experiments with the apparatus 
described might be found as deserving ·mention here. As before stated, when the 
oscillations jn the primary and secondary circuits are in synchronism, the points of highest 
potential are on some portion ·of the terminal T. The synchronism being perfect and the 
length of the secondary coil just equal to one.quartcr of the wave length, these points 
\viii be exactly on the free end of terminal T, that is, the one situated farthest from 
the end of the wire :tttachcd to the terminal. If this be so and if now the period of the 
oscillations in the · primary be shortened, the points of highest potential will recede 
towards the secondary coil, since the wave-length is reduced and since the attachment 
of one end of the secondary coil to the ground determines the position of the nod:tl 
points, that is, the points of least potenti:tl. Thus, by varying the period of vibration 
of the primary circui.t in any manner, the points of highest potential may be shifted 
accordingly along the terminal T, which has been shown, designedly, long to illustrate 
this feature. TI1e same phenomenon is, of course, produced if the body of a patient 
constitutes the terminal, and an assistant may by the motion of a handle cause the points 
of highest potential to shift along the body with :tny speed he may desire. When. the 
action of the coil is vigoro~, the region of highest potential is easily and unpleasantly 
located by the discomfort or pain experienced, and it is most curious to feel how the pain 
wanders up and down, or even(ually across the body, from hand to hand, if the connectiou 
to the coil is accordingly made,....- in .obedience to the movement of the handle controlling 
the oscillations. TI1ough I have not observed any specific action in experiments of this 
kind, I have always felt .that this effect might be cnpable of valuable use in electro· 
therapy. 

Another observation which promises to lead to much more useful results is the 
following: As before remarked, by adopting the method described, the body of a person 
may be subjected without danger to electrical pressures vastly in excess of any producible 
by ordinary apparatus, for they may ::mount to several million volts, as has been shown 
in· actual practice. Now, when a conducting body is electrified to so high a degree, small 
particles, which may be adhering firmly to its surface, arc torn off with violence and 
thrown to distances which can be only conjectured. I find that not only firmly adhering 
matter, as paint, for instance, is thrown off, but even the particles of the toughest metals 
are torn off. Such actions have been thought to be restricted to a vacuous inclosure, but 
with a powerful coil they occur also in the ordinary atmosphere. TI1e facts mentioned 
would make it reasonable to expect that this extmordinary effect which, in other ways, 
I have already usefully applied, will likewise prove to be of value in electro-therapy. The 
continuous improvement of the instruments nnd the study of the phenomenon may shortly 
lead to the cstablishment·of a novel mode of hygienic treatment which would permit an 
instantaneous cleaning of the skin of a person, simply by connecting the same to, or 
possibly, by merely placing the person in the vicinity of a source of intense electrical 
oscillations, this having the effect of throwing off, in a twinkle of the eye, dust or 
particles of any extraneous matter adhering to the body. Such a result brought about in 
a practicable manner would, without doubt, be of incalculable value in hygiene and 
would be :m efficient and. time-saving substitute for a water bath, and particularly 
appreciated by those whose contentment consists in undertaking more than they can 
accomplish. 

High frequency impulses produce powerful inductive actions and in virtue of thas 
feature they lend themselves in other ways to the uses of the electro-therapeutist. These 
inductive effects arc either electrostatic · or electrodynamic. The former "diminish much 
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more rapidly with, the distance - with the square of the same ~ the latter are reduced 
simply in proportion to the distance. On the other hand, the former grow with the square 
of intensity of the source, while the latter increase in a simple proportion with the 
intensity. Both of these effects may be utilized for establishing a field of strong action 
extending through considera~le ~pace, as through a large hall, and such an arrangement 
might b,e suitable for use in hospitals or institutions of this kind, where it is desirable to 
treat a. number of patients at the same -time. 

Fig. 6 illustrates the manner, as I have shown it originally, in which such a field of 
electrostatic action is established. ' In this diagram G is· a gener:~tor of currents of very 
high frequency, C a condenser for counteracting the self-induction of the circi.lit which 
includes the primary P of an induction coil, the secondary S of which has two plates t t of 
large surface connected to its terminals. Well known adjustments being observed, a very 
strong action occurs chiefly in the space between the plates, and the body of a person 
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Fig. 9. 

is subjected to rapid variatlops of potential and surgings of current, which produce, even 
at a great distance, marked physiological effects. In my first experiments I . used two 
metal plates as shown, but later I found it preferable to replace them by two largf: 
hollow spheres of brass covered with wax of a thickness of about two inches. The 
cables le:tding to the terminals of the secondary coil were similarly covered, so that any 
ot them could be approached without danger of the insulation breaking down: 'In this 
nunner the unpleasant shocks, to whidt the experimenter was· exposed when using the 
plates, were prevented. . 

. ·In Fig. 7 a plan for similarly utilizing the dynamic i~ductive effects of high 
frequency currents is 'illlistrated. As the frequencies obtain:tble from an alternator are 
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not as high as is des!rc-1, conversion by means of condensers is resorted to. 1l1e dia,t:ram 
will be understood at a glance from the foregoing description. It only need be stated 
that the primary p, through which the condensers are made to discharge, is formed by 
o. thick stranded cable of low self-induction and resistance. and passes all around the 
hall. Any number of secondary coils s s s. each consisting generally of a single 
layer of rather thick wire, may be provided. I have found it practicable to usc 
as many as one hundred, each being adjusted for a definite period and responding 
to a particular vibration passed through the primary. Such a pl:tnt I have had in usc in 
my laooratory since 1892, and many times it has contributed to the pleasure of my 
visitors and also proved itself of practical utility. On a latter occasion I had the pleas•1re 
"f entertaining some of the members with experiments of this kind, and this opnortunity 
I cannot Jet pass without expressing my thanks for the interest which was awakened in 
me by their visit, as well as for the generdus acknowledgment of the courtesy by the 
Association. Since that ti!Tie my apparatus has been very materially improved, and now 
I am able to create a field of snch intense induction in the laboratory that a coil three 
feet in diameter, by careful ad justmcnt, will deliver energy at the rate of one-quarter 
of a horse power. ro matter where it is placed within the ·area inclosed by the primarv 
loops. Lon.r. snacks. streamers and all other phenomena obtainable with induction coils 
are easily producible anywhere within the space, and such coils. thou.ch not connectc<l 
to anythin;::, may be utilized exactly as ordinary coik and what is still more remarkable. 
they are more effective. For the past few years I have often been urged to sl,nw 
experiments in public, but. thouph I was desirous to comply with such reouests. nressin.c 
work has so far made it impossible. 1l1cse advances have been the res·ult of slow but 
steady imnrovement in the details of the apparatus which I hope to be able to describe 
connectedly in the near future. 

However remarkable the electrodynamic inductive effec~s. which I have mentioned. 
may appear. they may be still considerably intensified by concentrating the action upon 
a very small space. It is evident that since, as before stated. electromotive forces of many 
thousand volts ar~ maintained between two points of a conducting bar or loon only a few 
inches lonJ?. clcctrom0tive forces of al)proximately the same ma12nih1de will be set ttl' 

in conductors sihtated near by. Indeed, I found that it was :>rarticable in this mv1ncr 
tn pass n dischar.ce through a highly exhausted bulb, although the elertromotive force 
renuired amounted to as mhch as ten or twenty thousand •·olts. and for a long tim~ 
I followed up exneriments in this direction with the object of nrnducinc light in n no,·el 
and more economical way. But the test~ left no doubt. that ther~ was great cnerf!V 
consumotion attendant to this mode of illumination. at least with the apparatus I h:1.rl 
then 'lt com!Jland. anct f i.nding another method which promised a higher economv of 
transformation. mv efforts tnrrted in this new direction. Shortlv afterwnrd ($orne time 
in ·June, 1891 ), Prof. J. J. Thomson described experiments which were evidently th~ 
outcome of Ion." investication. and in which he $•tPP1ied much novel and interesting 
inforn,'ltion. ~nd this made me return with renewed · zeal to my own experiments. Son~ 
mv efforts were centered upon producing in a small space the most intertse inductive 
action. and by gradual imProvement in the apparatus I obtained results of a surprising 
character. For instance, when the end of a heavy bar of iron was thrust within a loon 
powerfully energized, a few mom:ents were sufficient to raise thP. bar to a hi!!h 
temperature. F.ven heavy lnmps of other metals werP. heated os ra.,idly as thou.J?h they 
were nhrcd in a furnace. \'Qhen a contimtol•s band formed of a sheet of tin was thr>l$t 
into the loop; the metal was fused instantly, the action being comnarable to an exnlosion. 
and no wonder, for the frictional losses aci:umulated in it at the rate of possibly ten 
horse power. Masses of poorly conductint; material behaved similarly, and when a highly 
exhausted bulb was pushed into the loop, the glass was heated in a few seconds nearly 
to the point of melting. 
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When I first observed these astonishing actio:1s, I was interested to study their 
effects \tpon living tissues. As may be assumed, I proceeded with all the necessary caution, 
and well I might, for I had the evidence that in a turn of only a few inche~ in diameter 
an electromotive force of more than ten thousand volts was produced, and such high 
pressure would be more .than sufficient to generate destructive currents in the 'tissue. 
This appeared all the more· certain as bodies of comparatively poor conductivity were 
rapidly heated and even partially destroyed. One may imagine my astonishment when 
I found that I could thrust my hand or any other part of the body within the loop and 
hold it there with impunity. More than on one occasion, impelled by a desire to malic 
some novel and useful observation, I have willingly or unconsciously performed an 
experiment connected with some risk, this being scarcely avoidable in laboratory 
experience, but have always believed, and do so now, that I have never undertaken 
anything in which; according to my own estimation, the chances of being injured were 
so great as when I placed my head within the space in 'I_Vhich such terribly des tructive 
forces were at work. Yet I have done so, and repeatedly, and have felt nothing. But 
I am firmly convinced that there is great danger attending such experiment, and some: 
one going just a step farther than I have gone may be instantly destroyed. For, condition; 
may exist similar to those observable with a vacuum bulb. It may be placed in the field 
of the loop, however intensely energized, and so long as no path for the current is 
formed, it will remain cool and consume practically no energy. But the moment th~· 
first feeble current passes, most of the energy of the oscillations rushes to the place of 
consumption. If by any action whatever, a conducting path were formed within the 
living tissue or bones of the head, it would result in the instant destruction of these ant.! 
death of the foolhardy experimenter. Such a method of killing, if it were rendered 
practicable, would be absolutely painless. Now, why is it that in a space in which sudt 
violent turmoil is going on Jiving tissue remains uninjured? One might say the currents 
cannot pass because of the great self-induction offered by the large conducting mass. 
But this it cannot be, because a mass of metal offers a still higher self-induction and 
is heated just the same. One might ar,1~uc the tissues offer too great a resistance. But 
this a~ain cannot be the reason, for all evidence shows that the tissues conduct well 
enough, and besides, bodies of approximately the same resistance arc raised to a hi~h 
temperature. One rrii~ht attribute the apparent harmlessness of the oscillations to the 
high specific heat of the tissue, but even a rough quantitative estimate from experiments 
with other bodies shows that this view is untenable. The only plausible explanation 
I have so far found is that the tissues arc condensers. TI1is only can account for the 
absence of injurious action. But it is remarkable that, as soon as a heterogeneous circnit 
is constituted, as by takinp: in the hands a bar of metal and forming a closed loop in 
this manner. the passag~ of the currents through the .arms is felt, al)d other physiolo~ical 
effects arc distinctly noted. The strongest action is, of course, secured when the exciting 
loop makes only one turn, unless the connections take up a considerable portion of the 
total length of the circuit, in which case the experimenter should settle~ upon the least 
number of turns by carefully estimating what he loses by increasing the number of turns, 
:tnd what he gains by utilizing thus a greater proportion of the total length of the 
circuit. It should be borne in mind that, when the exciting coil has a considerable number 
of turns and is of some length, the effects of electrostatic induction may. preponderate, 
as there may exist a very great difference of potential - a hundred thousand volts 
or more - between the first and last turn. However, these latter effects arc always 
present even when a single turn is employed. 

When a person is placed within such a loop, any pieces of metal, though of small 
bulk, arc perceptibly warmed. Without doubt they would be also heated- particularly if 
they were of iron -when embedded in living tissue, and this suggests the possibility of 
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surgical treatment by this method. It might be possible to sterilize wounds, or to locate, 
or even to extract metallic objects, or to perform other operations of this kind within 
th.c sphere of the surgeon's duties in this novel manner. · 

Most of the results enumerated, and many others still more remarkable, arc m.1.dc 
possible only by utilizing the discharges of a condenser. It is probable that but a very 
few - even among those who are working in thC$e identical fields - fully apprecintc 
what n wonderful instrument such a condenser is in reality. Let me convey an idea to this 
effect. One may take a condenser, small enough to go in one's vest pocket, and bi' 
skilfully using it he may create an. electrical pressure vastly in excess - a hundred times 
~:rc:tter if necessary- than any producible by the largest static machine ever constructed. 
Or, he may take the same condens'er and, using it in a different. way, he may.obtain from 
it currents against which those of the most powerful welding machine arc utter!}' 
insignificant. Those who are imbued with popular notions as to the pressure of static 
machines and currents obtainable with a commercial. transformer, will be astonished at 
this statement - yet · the truth of it is easy to see. Such results arc obtainable, and 
easily, because the condenser can discharge the stored energy in an inconceivably short 
time. No.thing like this property is known in physical science. A compressed spring, 
or a storage battery, or any other form of device capable of storing energy, c:mnot do 
this; if they could, things udreamt of at present might be accomplished by their mc:~ns. 
The nearest appro:~ch to a charged condenser is a high explosive, as dynamite. Dut even 
the most violent explosion of such :i compound be.us no comparison with the discharge 
or explosion of a condenser. For, while the pressures which are produced in the detonat
ion of a ch!!mical compound are measured in tens of tons per square inch, those which 
may be caused by condenser discharge$ may amount to thousands ·of tons per square inch, 
and if a chemical could be made 'which would explode as quickly as a condenser can 
be discharged under conditions which are ~ealizablc - an ounce of it would quite 
certainly be sufficient to render useless the largest battleship. 

That important realizations would follow from the use of an instrument posses· 
sing sud1 ideal properties I have been convinced since long ago, but I also recognizccl 
early that great difficulties woul.d have to be overcome before it could repl:~ce less perfect 
implements now used in the arts for the manifold transformations of electrical energy. 
These difficulties were many. The condensers themselves, as usually manufactured, were 
inefficient, the conductors wasteful, the best insulation inadeq"uate, and the conditions 
for the most efficient coiwcrsion were h:~rd to adjust and to maintain. One difficulty, 
however. which was more serious than the others, and to which I called attention when 
I first described this system of energy transformation, was found in the devices neces
sarily used for .controlling the charges and discharges of the condenser. They were wlntin,t; 
in efficiency and reliability and threatened to prove a decided drawback, greatly restricting 
the usc of the system and depriving it of many valuable features. For a number of years 
I have tried to master this difficulty. During this time a great number of such devices 
were experimented upon. Many of them promised well at first, only to prove inadequate 
in the end. Rclucta~tly, I came back upon an idea on which I had worked long before. 
It was to replace the ordinary brushes and commutator segments by fluid contacts. I h:~d 
encountered difficulties then, but the intervening years in the laboratory were not spent 
in vain, and I made headway. First it was necessary to provide for a circulation of the 
fluid, but forcing it through by a pump proved jtsclf impractical. Then the happy idea 
presented itself to make the pumping device an integral part of the circuit interrupter, 
inclosing both in a receptacle to prevent oxydation. Next. some simple ways of maintain
ing the circulation, as by rotating a body of mercury, presented themselves. Then I learned 
how to reduce the wear and losses which still existed. I fear that these statements, 
indicating how much effort was spent 'in these seemingly insignificant det:~ils will not 
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convey a high idea of my ability, but I confess that my patience was taxed to the utmost. 
finally, though. I had the satisfaetion of producing devices which · arc simple and 
reliable in their operation, which require practically no attention aJld which arc capable 
"f effecting a transformati.on of considerable amounts of energy ·with fair .economy. Jt 
is not the best that can be done, by any means, but it is satisfactory, and I feel that the 
hudest task is done. 

The physician will now be able to obtain an instrument suitable to fulfil many 
requirements. · He will be able to use it i·n electro-therapeutic treatment in most of the 
ways enumerated, He· will hav~ the facility of providing himself with coils such as he 
m:~y desire to have for any particular purpose. which will give him any current or anv 
nressure he may wish to obtain. Such coils will cori.sist of but a few turns of wire, and 
the· cxnense of prcparinP. them will be· quite insignificant. The instrument will also 
enable him to J<enerate Rontgen rays of much greater power than obtainable with ordinary 
apparatus. A tube must still be furnished by the manufacturers which 'Viii not deteriorate 
and which will allow·to concentrate larger amounts of energy upon the electrodes. When 
this. is done, nothing will stand· in the way of an extensive and' efficient application of 
this beautiful discovery which rriust ultimately prove itself of·the highest value, not only 
at the hands of the surgeon, but also of the electro-therapist and, what is most important, 
of the bacteriologist. · · 

To give a ~eneral idea of an instrument in which many of the latter improvement~ 
are embodied, I would refer to Fig. 9. which' illustrates the chief parts of the same in 
side elevation and t)artiallv in vertical cross~section. The arranp.ement of the parts is 
the same as in the· form of instrument exhibited on former occasions, only tile cxcitinP. 
coil with the v.ibrating interrupter is replaced by one of the improved circuit breaker~ 
to which reference has been made. 

This device comprises a casting A with a protruding sleeve B, which in a bushin_q 
supports a freely rotatable shaft a. The latter cnrries ·an armature within a stationary 
field ma.Qnet M and on the top, a hollow iron pulley D. which contains the oreak nroper. 
Within the ~haft a, and concentrica-lly with the same, is nlaced a smaller shaft ·b, likewise 
freely movable on ball-bearings and supportin.g a weight E. This · weight being on· one 
side and the shafts a and b inclined to the vertical. the w_eight remains stationary as the 
pnlley is rotated. Fastened. to the weight' E is a devic~ R in the form of _a scoop with 
very thin walls. narrow on the encl nearer io the pulley and wider ·on the other end. 
A small quantity of mercury bdng placed in the pulley and the -latter rotated against 
the narrow end 'of the sco<m, a pOrtion .of the fluid is ta.ken up and thrown in a thin 
nnd .wide stream towards the centre of the pulley. Tire top. of the latter is hermetically 
closed by an iron washer. as shown. this washer supportin~ on a steel rod L :i disk F of 
~he same metal provided with -a nnmber of. thin co.ntact blades K. ·The rod L is ins·uJateo 
by washers N from the pulley, and for the convenience of filling in the mercury a · small 
screw o is provided. The bolt L forming one t c:rminal of the ci(cuit breaker is connected 
hv a copper stri•' to tl1'e primary o. The otl~er . end cf the primary coil leads to i'ln.c of 
the termin:tls of the condenser C, contained in a compartment of a bo.x A, ·:anoth<:r 
compartment of the same being rc.served for switch S :tnd terminals of the instrumen.t. 
The other terminal of the condenser-is COI,lnec.ted to the casting A and throuqh it to puller 
D. \'V'hen the pulley is rotated, the CO!ltact (jJ:tdes K are brouj!ht rapidly in.and out of 
contact with the stream of mercury, _thus closing and opening the circuit in <JUick 
succession. With such a deviCe it is easy to obtain ten thousand makes and breaks per 
second and· even niore. The secondarv a is. made of two seParate. coils and so arranged 
that it can be slipped out, and a metal strip in its middle co~nects it .to the primary coil. 
TI1is is done to prevent the secondary from breaking down when one of the terminals 
is overloaded, as it often happens in working Rontgen bulbs. This form qf coil will 
withstand-a very much greater diffcrence·of potential than coils as ordinarily constructed. 
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The motor has both field and armature built of plates, so that it Clll be used on 
alternating as well as direct current supply circuits, and the shafts are as nearly as possible 
vertical, so as to require the least care in oiling. Thus, the only thing which really 
requires some attention is the commutator of the motor, but where alternating currents 
are always available, this source of possible trouble is easily done away with. 

The circuit connections of the instrument have been already shown and the mode 
of operation explained in periodicals. The usual manner of connecting is illustrated in 
Fig. 8, in which A2 A2 are the terminals of the supply circuit, L, a self-induction coil 
for raising the pressure, which is connected in series with condenser C and primary 
P P. The remaining letters designate the parts correspondingly marked in Fig. 9 and 
will be understood with reference to the l:!.tter; 
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30 rent at the Uloment. when t.be comrnut:uor 
segment or bar leaves the brush, by short·cir· 
cuiUug the lielcl·hclices, hy incrc:I.SinK the 
lJuruber of tlle cot:uuut.;ttor··bar:.;, or hy otilcr 
eiwilar n1c.aw\; bnL all these tl4!vic~s are ex · 

35 penSi\'C or uot fnlly :l\'ailable, au•l seldom a~· 
taiu the objett cle..it·eu. 

My iav~ut.iou coat.>lcs u•e to prcn·ut ll.te 
gparking iu a aimplt! Ullluuer. l~or this puf· 
)JOSe I em piny wtth t!J~ coonuutnloo-. baN<· 

4o and inlcn·t:uing insulnt.iug matcriallllica; ns · 
hestns p;tp~r or oth~r iosulntiug nnd prefer· 
nul.v. IUCumlJ116Iiolc material, whir.b I atraug_e 
to bc-ar on the enrf::u:e of the c.ornmnt.ator1 

near I•) aut! I.Jebind the brush. 
•5 My invention will be e:!Sily understood lty 

reference. to the nccompauying drawiugs. 
In 1 he drawings, F igure l is a section of a 

<'Om luutator wit.U nu asbcst.ns insul:lting de· 
VIC<'; nud Fig. 2 iS. a ~t!nilat· vit:w, l'eprc:;iCnt.· 

50 ing t.wo plat C.::> of mica UIHJU t.hc ll;tck of the 
bru~h. 

t n Fi~. 1. C rcpr~scut~ t.hc COflllnutalor and 

intcn-cniug iusula ling malcrial; n n, tbo 
bt·ushrs. d d a~·c sheets of nsbCJ~tus paper or 
other su itaiJic nou ·conuuctiug material. f f 55 
arc spl"iugs, th~ pn·~<.~ure of wltith Dtay bend· 
jnsh .. '\.1 hy means nf t.he screws g g. 

In Fit:.~ a aimplc arr::ml!'cmt:ut. i3 sho\vn 
with two plat•·~ of mica or other ruateriul. It 
wi11 be sn~u rhat whenevl~r one COUllllllt.nfor· 6o 
:t.('J; tn(~r.t pa$scs ou t or f:outact with lhc brush 
!ltc fOt' tllatiou of the :\I"C will UC p ruv•inted IJy 
the jul-.:1'\'mt i n~ msulating tnalerin1 comi ng iu 
contact with lht.• i n~uh,tiog toatcrinl on Lho 
brush . 6; 

My iii\'Cnt 1011 m:.y he carried qnt Jn many 
ways ; aud I •lo not limit tuyself to any particu· 
lar device, :ts my ifH'e:&Lioo cousisls, lwoadly. 
in provi<l.iu:<" soli•! noii ·Con<locting body to 
be" •· npon the surli<ce of t.he comotutator, by 70 
tb!' iutervcurion of which b(l(ly the soarkiu~,; 
is partly or romplctely prevl!ntc<l. 

I Ju·cfcr tu nse as)Jestns paper or cloth im· 
prC-~tmted wit.h r.inc·ofic.lc. umgnrsia, z.irconia, 
or other sni tahle nta~e•·ial, "" t.hc paver aurt 75 
cloth are ~ofr. aud !:>ervc at, the t;:t1uo tiulo to 
wipe And ~oli!'h file commnta.tor; hut mica or 
any other su itable ruarcrial may he employed, 
said n1aterial beino an iusulutor Ol' n lmd COn· 
duct or or elcctricit.y. Ro 

y illveut.iou uiay be applied lo any elec
tric apparatus in whicb slhlin~ <'Ontacts nrc 
employed. 

I cl()iru :1s my invention- . 
l. 'fbe cornl>ioatiou, "·iti.J t.he commutator- Ss 

bars aucl iurc rvcuiog iusulating material and 
brt'"hes in a <J y oau1o elect.ric mach i ue, of as61i•l 
insulator or b:ul conductor or clectricitv ar 
rar.gc!l to bear upon the surface of the com· 
murator a<lj~ccnt to t be <·no of the brush, for ?0 
the purpose set fort h. 

:3. Juan electricapparat.usin wl.tich sliding 
cootncrs with ioter\'euing insulating m~tcrial 
arc eiuployed, Lbc cowbinatioo, with the coo
·tact •;>rings or uru~lt C$, of a solid iosulntor or!).' 
I.Jad condu<:tor uf elceu·icity, as aud for the 
pu rpo~cs set forth. 
~igned hy me this 2tl day of Uay, A. D. 

11$85. 

l"IKOT,A 1'ESLA. 

Vt' itnesscs: 
Cw. 'f. l'r.,;CKNEY . 
WILL!Ul G. Mon. 



P-6 

Clio Model.l . 
N TESLA . 

COMMUTATOR. FOR DYNAMO ELEOiRIC MACHINES. 

No;. 334,823. Pate o ted Jan . 26, 1886 . 

~~ 
d~~ 
G?J~. 

. ,_}11/1/~nan 
9 

J&Jta. 



UNITED STATES PATENT OFFICE. 

I\"lKOLA TEsi,/1.; OF SMILJAN LIKA; AUS'fltlA·HUNOARY, ASSIGNOR TO THE 
TESLA ELECTRIC LIGHT AND' I•fhl<UFA_CTURINO COMPANY OF RAHWAY. 
NEW JERSEY. 

REGULATOR FOR DYN AMO·ELECTR IC MACHINES; 

SP!;CU'ICATION Cormlnr; pan ol L ottora Patent No. 33G.9Gl. d<lto<! n::r.rcll :!, 1606. 

Appllcatloo O.ltll lf•r18, t98S. SeriAl No. IGS,'t~l . fNo wolltU, 

1'o ull tQhol•~ it may concern: 

1 
ot tbo main or working circuit, nud c the aux . 

· Dei~ known tbat I, NIKOLA. TSSLA, ofSmil · iliary brusb. Tho working·circt:itDextends 
jan Lika, bordcrcouotryof Aust1·ia·Huogary, from tho brusbes·a and b, ns usual, nnd c,,,.. 
h!wn invented an Impt·•werucut in DyonotO· I taios electric lamps or otber devic~s. D',eitllcr 

5 Elcctl'ic Mach lues, of wblch tho following is a io series or iu multiple arc. 55 
specification. :r.r U' represent the ficld·ltcliccs, the ends of 

The objc<:t of my in,·cntion is to provide nn which nro connected to the wain hrosbC!l" 
improved ructbod for .regulating the cttl'ront and b. '.rho branch or shunt 'll'iro c' utcuds 
uu dynamo· electric machines. from the auxiliary brush c to tho ·circuit of t.!Je 

co In UlY improvement I make usc of two main ti.cld·bcliccs, and is connected to' the same at 6o 
brushes, to which tho ends of tho helices of ao interetediate poiut, X. · · 
the ficld·magncts nrc connected, nod no :mxil· H represents tbo commutator, with the 
lary brush aod a l>1·aneb or sbuot cooocctiou plates of ordinary eonstructiou. It is now to 
fi'OUI au iuter~ncdiate poiot of the field·wi rr be understood tbutwbcn tho auxiliary bru~h 

'5 to the auxiliary brusu. · c occupies suc!J n position upon tlle'eowmu· 6< 
'l:be rclati\'O positions of the respcctlvo tntortbat the elcctro·cuoth·e force between the • 

brusbes ac·o ' 'aried, either automatically or by. brusbe~ <>and c is to tile electro·motive force 
haod, ~o that the shunt becomes inopc1·at.ive between the brushes c aud b as the resistance 
when the auxiliary brush bas a ccrtnio posi· .of the circuit a U c' c A to tbe 1·csistance of 

20 tioo upon the c:owmutatoc·; but when said aux· the circuit b Ill' c' c B, t.ltc pot.cnLials of tho 70 
· iliary bru~h is moved in its r elation to the points X nod Y will be equal, aml no current 

lOUin ut·ushcs, or tbc Jat.ter aro ruovcd io their will fiow overtbe t\U:tiliary brush; but when t-it0 
relation to the nu:rilinry bc·usb, the el~ct.ric brusb c occupies a different posit.iou tbe lH>· 
condition is distut·hed and more or less of tbe tcnt.ials of tho points X and Y will be differ-

' S cun~nt. through tbe field·heliccs is divertccl ent, :tnd a ccrrrent. will Jlow 0\'Cr the auxiliary 75 
through the shunt or n current passed o,·er. brush to or from !be c:>mmutator, accurdln~: 
said shunt Lo ·tbc ficld·heliccs. to the. relat.ive- position of the brushes. If, 

lly varying tbe relati\'0 position upon the for .iust:tncc, tbc coulmutator·spaee between 
cou11nnwtor of the r espective brushes auto· tbc brushes a nod c, when the latter is at tho . 

JO matically in proportion to the \'arying clfC· neutral point, is climinisbcd, a current will So 
trical couditions of th~ worldog·circuit the fiow from lhe pointY o,•er tho shunt C to the 
current clcv~lopcd cau be rcgulnted ill pro: brush b, tbus ntrcngthcning the cuneot in t ho 
port ion to tbc dewands in tbc working·rircui~. part l\1', aull partly ucutraliziug the. curren~ 

Devices . for automatically moving the i in tho part III; but if tho space between tho 
35 brushes in clj·nnmo·clcctric machines arc well 1 brushes a ancl c is increased, tbo curreut vlill :;5 

known, aucl 'tboso mado use of ill 1uy mncbi11c flow over the auxiliary bmsh in an OJ.>posito 
may be of any desired or known cha1·acter. direction, and the current in 111 will be 

In the d rawings, Figure 1 is a diagram ill us· strcr,tbcncd, nod in :i\!' pnrt.ly ueutrallzeu. 
tratin~ ucy invention, showing one core of the lly combining with t·hc bc·ushcs a, b, and c 

4o ticl<l· magoet.~ with one ·helix· wound in tbe any l:nown n·~tomntio regulating mechanism 90 
~a cue d i rcct.icn throu~bout. !o'igs. 2 and 3 nrc tbo currcnc. de ,·eloped c;cu ho ·regu !a ted in 
cliagraUJsshowingouocorcoftltoficld·tnognets p roportion to the dcmancls in the working· 
with a portion of the helices wouucl in oppo· circ::tit. The p:uts ~1 and ~I' of the field· wire 
site dircctiuus. Figs. 4 aud 5 ac·o ding rams way be wound in the same direction .•. (In this 

45 illustrating the electric devices that may be case they arc :m·an:<cd ns shown in F ig.l; or, 9~ 
employed Sor automatically acljustiug t.he tbc part. !II rnay be wound in the opposite di· 
lH·usbcs, and Fig. 6 i~ a diagram illustrating reetion, as sho1~u in Figs, 2 and 3.) 
the position• of tile brushes wheu tbc machine· It will l>e apparent that the respective cores 
is bciug eucr{:itcd oP tbo stnrt. of the field. magnets arc snlucctc.u to tho ncu· 

50 a and b arc the positin and ncgati\'C brushes trclliting or intcusifymg c!l'c~t.s of the current 10.:. 
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in tbo shoot tiJrougb c', and tbc magnetism of coil is nttacbed to both brusb-bolders A A aod sc 
the cores will be partially neutralized or the C. When the brushes are moved directly by 
point or great.est magnetism sh1ftcd, so that it electrical devices, as sbowo io Figs. 4 and 6, 
"'ill be Ulore or lt>SS remote from 01· approach- • these are so coustructed that the force e:<erted 

5 iog to the ariUature, anu beoce tho aggre· for adjusting is practically uniform tbrough 
gate encq;iziog actions of the 6eld magnets . t.bo ~hole length of motion. 55 
oo tbo armature will bo correspondingly I am aware thatauxiliary brushes bave been 
varied. used In connection with tho llelices of tho 

Io tho form indicated in Fig. 1 the r~gula- field-wire; but in these instances the helices 
10 tioo is effected by shifting tbo po i at of great· received the entire current through tbe nux· 

est n1agoctism, and In Fi~;s. 2 aod-3 the same I iliary brash or bn1shes, aud said brusbescould 6o 
effect is p1·oduced' by the attion of thu cur· n'lt bo taken off witbont breaking the circuit 
reut io the shunt passing through the neu · through the field. Tbcse hrusbes caused, 
tralizing·llelix. I however, a great sparking upou the commu-

'5 Tho relative pOSitions of tho respective tator. lo my ilupr.o,·emcot tile auxiliary 
brushos may be varied by moving tbe auxil· brosb cnuses very little or co sparking. aod 65 
lary brush or the brush c may remnin. qni· can be taken oil' "'ithont hrcukinl: t!Je cir~uit 
escent Rnd the co rep be connected to tbc main· through tbe field· helices. 
brush bolder A', so as to adjust. the brusbes My iruproverocotbas, besides, theadv:mtage 

:io'ab In their relat.ton ro the brush c. If. how- to facilitate the self exciting of the Ulach1u• 
ever. au ndjnstment is avplied t~ all the io all cas~s where the resistance or the field· 70 
brnsbcs. as seen in F ig. 6, the solenoid should wiro is very great com pnrat i vely to the restst-
bc connected to both A aod C. so as to move aoco of ~~e maio circuit nt t!Je sturt-for In· 
them toward or away from each other. Jtao'ce, on arc-light machines. In tllis case I 

a~ Tbere nre Sc\·ernl known devices for givlog I place tuo auxiliary IJrnsb c ncar to or In pref· 
motion iu proportion to an elect, ric current. 'I ere nee in coot act witb the IJrusb b, a~sbowo in 75 
I bavc sbowu the moving cores io Figs, 4 aod l~ig. 6. I a this mnuner the part ~1' is com· 
G as convenient devices for obtaining tbc rc· t pictcly cut out. and as tbc part M h:l.'l o. coo· 
qui red extent of motion witb very slig!Jt 1 siderably smaller resistance thao tbo wbole 

30 cbanges in the current pass1nJ<: through the ' lengtb of the fielu. wire the machine excites 
h~.Jices. It is noderstood that f.he adjustment itself, wherel\poo the auxil1ary brusb lssbilled So 
of the maio brushes causes variations ' in the automatically to its normal !JOSilioo. 
atreogth of tbe current. lndepend~otly of the I claim as IUY ioveotion-
relnth•e position of said bro•bes to tbo anx· 1 Tbeco10bination, with the commutator bav· 

35 ilia.-y brush. In all cases the adjustment way ing two or l.llore maio brushes nud an anxil · 
· be sucb tbat no current flows over tbe.aux· iary brush, of tbo field· helices having t!Jcir 85 

iliary brush wbeo tbe dynamo is ruooiug witb ends connected· to t-he main brushes, nod.a 
Its oor01al load. braoch or shunt connection from au interme· 

In F•t;s. 4 o.nd 5. A A indicate tbo main· diate polut of tb'e ficlu·htlices to the auxiliary 
• hrusb bolder, carrying tbe 111aiu b•·ushes, and brush, and means for varying tbe l'elative pO· 

C tbe auxiliary-brush holder.carryiog the aux- sit ion upon the commutator of t.hc reJ<peetivc 9C 
lllary brush. Tbese brush-holders are movn· brushes, substantially as set. forth. 
ble 1n >trc., concentric with the center of the Signed by me this 13tb day of May, A.. D. 
commmo.tor shaft. An Iron piston, P, of tho 1885. 

45 solenoid S. FIJ(. 4, -is alta~bed to the auxiliary· 
brush bold~r · C. Tbe adjust.ment is elfect.ed 
by mea.os of a spring nnd screw or tigbteocr. 

Ia Fig. 5, instead of a solenoid, no iron tube 
ioclosiUg a coil is shown. Tbe piston of tho ' 

N !KOLA. TESLA. 

Witnesses: 
· GEO. T . PINCKNEY, 
W A.LLA.C£ L. SERRELL. 
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4 t>llllr.Dtii)D Olrll Jnue I , 1£8), S.·d;l.l No. IG:.t;l(l. CN~ Q.Ofle.l.l 

1o all whoi>L it malJ conccn •: ('usc the cunent through the lichl·lu:liccs will 
ne it known til at I, NrKor.A TF.Sl.A, of Smil· be partly .neutralizcd and tho magnetism of 

jan Lib, border couotry of Ansi ria·Huognry, the fi~ld· magntts diminished. · In the second 
ha,•e iavcnled no Improvcmco~ in Dynamo· ·case the current ,..ill oo increased and the 

5 Electric Machines, of whic!J tbo followiQg is a magnets will gaio strength. By CO'robining 55 
specification. with the brushes abc any automatic regulat· 

My ioveution is u.csi~llC!l to provide uo im· iug mechaoisr ... the current developed can bo 
proved method for regulating the enrrcut iu rcguhlted antoutntically in propurlion 10 tho 
dynamo·clecrric Dlachincs. dcmanrls in tho wol'l:ing·circuit. 

10 lu auot.hcr applkatioo, No. 165, 7D3, filed by Io Figs. G and 7 I have represented some. or 6o 
me il!ay 18, 1855, I have ~bown a m'Hhotl fQr the automatic ru~aus that muy be used for 
regulating the cum:ut in a tlyuamo having moving tho hrushcs. Tbe core 1'. Fig. 6, oC 
the tichl·hclic(~S iu a shullt·. My present np- the solenoid· helix S, is conucctetl with tbo 
plication relates to a dynamo bavi11g its field· brush c to move til~ sa one, .and in Fig. 7 tho 

15 .helices conucttc.d in the rm1iu circuit.. core r is •hown ns wilhiu tile helix S, and 65 
In my irnp!·o,·cmen~ I employ one 01' more connected wilh buth hrus!Jcs a ani! c, F(l <l.• I<> 

auxiliary brushes, by means of which I shunt move thn same toward or from each other, 
a portion or the wbole of tho lleld·hcliecs. ! according to the stre.ngth of the current iu tho 

· According to the r<•lative positioo upon the ~ ·helix, tho helix being within au iron tube, S', 
20 comunitator of the respective brusbcsworcor that becomes mngn~t·ized uud iucreascs tho 70 

less curr'Cnt is ~austd to pass t111·ough t.he act.iou of the Mie11oid . 
bclice~ of tlu:dleld, 11n<l the corrcut dcwclopcd In practice it is GlltllCieut to rnovo only the 
by the m:tchioc can be varied nt will by vary· au .<iliary brush, a• sbowo fo Fig. 61 as tho 
iog tbe relati\'C positions of the brushes. regulation is very sensitive to the slight.t'st 

•5 lu tbn drawings the pr~scut invention is changes; but tho relative position of the nux· 75 
illustrnttd by diqgrams, wbicb are bcreiosftcr ili:u·y hrns!J to the main brushes may loc varie<l · 
aepararely refcrretl to. by moving the maio brushca, or both mnju 

In Figure 1, a and b a•·e tl•e positive a od nod auxiliary brushes may bo moved; as ill us· 
negative brushes of tho main clrcui~, and c trntcd io Fig. 7. In t.bc latter two cr,ses, it 

30 ao auxiliary brush. The lllaiu circuit D cx· will bo understood, the motion of t.be maiu llo 
tends from the brushes a and 1>. os usnal, nod brush('~ relntl,·ely to tho neutral -Hue of tbo 
contains tho helices 11! of t.\1e fiehl·wire nod n•acbine causes variations in•the strength or 
tbe ck:ctric lamps or other working <lcvlccs. the cut·t·eot iudependeut.ly or their relative 
The auxiliary brush cis connected 10 t.he poiu~ position to thn auxiliary b.ru~h. ! n :dl rases 

35 :r: of the maiu circuit hy mea us of tbn wire d. · tbo adjustment may be snch that when the 8$ 
n is a coru w ut ator of ordinary cons~rnction. mach i uo is run ni ug with tbc crrli uar .1' loatl "" 
From t!Jat which bas been t;aid lo the ap· current fiows over tbe auxiliary brush. 

plication above referred to it will be seco that · The field·heliccsmay bcconocctP.d as show•• 
when tho electro·motivo force bet,.cen the in Fig. 1,' or n part of the field·ltelicr~ may \,o 

4o bn:shcs a and cis to the electro. motive force in the outgoing ao<l ~be other port in tll<: r•,turu <)0 
between the brushes c and b na t-he rcsi.stnncc cir.r.uit·, nu<l two anxiliary brt)Shc.'l 111:1y be 
oC tho circuit aM c' c A to tbe rN!i:;tan~o of employed :IS s!Jown in Fig~. 3 nnd 4. Iu~te:t<l 
tM circuit b C B c c/ D, the potcntio.l~ of the of Rhunting the whole of the field· helices, a 
pointa :e end 11 will be cq~al, aud no current portion only of snch helices tnay br. sbpntcd, 

45 will po.a• ever tbe nuxiliary ljrnsh c; but if a.., shown in Figs. 2 nod 4. 
said brash ·occupies o. <litfcrl'nt position rein· 'the nrrangement shown in Fig. 4 is nch•ao. 
tivcly to the maio loroshcs the electric cond i- tngeoas, as it rlimioishes tho Kparking upon 

9S 

'• 
J 

tiOJ. is disturbed, aud current .. will rlow either the commutator, the 01nio circuit. being closed 
from 11 to :r; or from :r; to!# accordin~: to t.hl\ throu~h tho auxiliary hruslocs ntthc momeut 

so rela~ivc position of tb't). brushes. . I o tlln 1lrst. of the brco.k of the ci J'coit at rile wni u brusbee. 100 
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The field-helices roay be wound lo tlJesame 
directiou, or apart may bo wound In opposite 
directions. 

The connection between the helices nod the 
s auxiliary brush or brushes may be made by a 

wire of small rtl:!istnnce, or a resistance ruay 
be interposed (R, Fig. 5) between tho polutz 
nod the auxiliary brush or brushes tQ divide 
the sensitiven~ when the brushes are ad-

ro jusled. . 
I am awaretbatitis not newt~ us~ auxiliary 

brushes on the commutator, and thatauxiliary 
brushes have been connected to the flnld heli
ces; but I am ilot awaro that the helices of a 

•s series dyu·nmo bavc been shunted hJ means of 
auxilinry brushes, and that the r~l at.ive posi
tion of the respective brush e.~ bas been va1·ied 
for the purpose of n>gulating the current de· 
velop~d by the machine. 

•o ln instances where auxiliary brashes ha\·e 
been used in counectioo with th~ field·helic.cs 

said ao:tiliary brushes reoeived the current 
continuonsly and ~ansed great sparking, 
whereas iu my Invention tue auxiliary bru•h 
recei,·es current only wheu tho normal elec· ·~ 
trkal conditions of the circuit Are disturbed. 

I clnim n.q my iuveotion-
'l'he eowbiuatioo, with the commutator ana 

maio brushes and one or more auxiliary 
broshea, of tho field-helices in the main cir· 30 
euits and one or more sbuot.-<·onocctioos from 
tbe field-helices to tho auxiliary brushes, the 
relative positions upon the commntatot· of tbc 
rcspectivo brnslies being adjustable, Jot tbe 
pnr~se set forth. 35 
. Signed by me tuis 16th day of May, A. D. 

1885. 

NlKOLA TESLA. 
Wioocsscs: . 

GEO. T. PINCKNEY, 
w ..l.LL..!.CE L. SEllllELL 
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To all whom: it m<iy C()ILCCrl~: 
no it kuown tl>at J, ~JKOJ.A T£SL~ . from 

Smiljon ·r.ikn, border country of Aust·l'in·Hnn·. 
gnr·y, have invcntc<l ccrtnin Improverhcnts in 

s Uyrmruo-l':lcctric Machines, or which t.hc fol· 
Jowing is a ~pecific.~tion. . 

In o~hcr applieations I have shown tltc com· 
mutator of a dynamo-machi11e with the main 
brushes oonncctcd in ~n clcetl'ie circuit, and 

10 one or more:mxiliary brushesstrvlng t.o shunt. 
a pnt·t or the whole of the ficld·coils, tb·e rrga· 
l:t.tion .or the current ucing c!l'ccttd by shining 
tb~ rcspcctivebrnslrcs automaUcally upoa the 
commutator in proporUoo Jo tho varying rc· 

15 sistanccs of the circuit·. 
My present inven tion rein tea to the incch:ml· 

cnl devices which I employ to ciTcct the shift· 
iug of tbc \irusbcs. 

My invention is cle:ulysbown in the accom· 
:o paoying drawings, in which Figure llsan elc

vntion of tbc regul~tor wi~b the fmme par~ly 
ia section; nnd Fig. 2 is n scclion nt thq line 
.u, Fig. 1. 
· Cis tho commntator; B and D', t.he brush-

25· holders, D CMrying the main brushes a a' 
nod D' tho att;dliary or .shunt \iru~bes b b. The· 
ad~ or tbo b)'ush·holdcrDissupp.ortcd by two 

. pi VOt·SCrcwS.J'l'· Tbc othet· bt·usft·holder·, D'1 
hp.s 1\ slecvc·, d, nod is mo.vnhlc at·oumHbe axis 

30 of tho brush:holder D. lu th is woy both 
brush-holders can turn·vcry freely, the fric
tion of the )J:uls being rcducccl to" minimum. 
Ove.· tho brush-holders is mounted tb(l solen· 
old S. "'h ich rests upon n forked colump, c. 

35 .Tbis column also affords a support for tbc piv· 
· ots p p, and is f.'\Stened upon n solid bracket 
<.; projection, P, which extends from the ·h:l.Sc 
ot tho machine, ·and is prctn:tbly CASt iu one 
}liecc with the same .. 'l'bo l.ll'IISh·holdcrS B fi' 

!O nre connected by nic~11s oft be li11ks c c and the 
cross-piece F tp the i ron cor·o J, whioh sli<ks 
freely in the tnbo '1' or tbc soleno,id. The iron 
core I has a scrc"·· •· by means ol' which it 
c:tn be raised nnd adjusted in irs 11ositioll rei· 

45 otircly to the solenoid, so that the pull ex· 
crted npou it by the solenoid is pr~r.tiollly 
uniforto through the whole lcn{:th of rno· 
t.iou which is .rcquired toell'cctthc rc;;ulatiou. 
ln order to cll'cct the adjustment with a greater 

precision tho core I is provided with a small y, 
iron screw, a'. 'rho core hcinl( fil'!l t brought 
v~ry nearly in tl.1c rcqui r·cd posrtlon relatively 
to lhe aolcnohl by means of tho screw ,,, lbo 
small screw •' is tfleu adjusted until tllo mag. 
neLic attraction npou the core is tho &A me when ss 
the core is in nny position. A·couvenientstop, 
t, sel'V~S to limit the upward mO\'flncnt or the 
iron core. 

To check somewhat the movcntent or the 
core I, n d:tsh·pot, K, is used. Tho piston J, 6o 
or the tla.sh-pot is provided witb 0 \'lllve, v. 
.which opens by a down .. ·ard pressut·e and al· 
1o11's an cnsy downlfat·d mo\·cmcotor tho Iron 
core 1, but closes nod chcc.ksthe movtmeot or 
tho coro when tho same is pulled up under the 6s 
:tction of tho solenoid. · · · 

To balance the O}lposing fot·ees, the wcigli t 
.of the moving p:trts, and the pull c:terlcd by 
the aolenoid upon; tb·o iron core, the weights 
W W may be used. The adjustment is such 70 
that when the sOlenoid is traversed by t.ho 
normal cttrt·cutlt is just strong enough to bal· 
ancc tbo downward pull or the parts. 

Tba clectricsl circait·conncctions arc eub· 
slnutiolly the same, as indicsted In my for mer 75 
upplicntious, the solenoid being In &cries with 
t bo circuit wbco the translating devi()()S are 
in sedcs nnd lit n shunt when the dc\·icca nro 
iu multiple nrc. . · 

Tbe opct·ntiou or tltc «le\·ice is as follows: So 
\Vhcn upon l\ decrease of the rcsiat:\Oeeor the 
circuit or some other reason the curt·cnt.. il\ in· 
crc:tsed, lbc solenoid S gains in strcn:;th an«l 
imlls up the iron core I, tbus shirting tbe main 
brushes in the direction M rotntioo and t.ho 85 
auxiliary brushC!! in the opposite way. This 
<licuioishc~ t.he strength of tbc cnrrcut until 
lh(\ opposi ug f!lrccs nrc balanced uod tho solen· 
old is tra\'crscd by I he uorn•nl current; but 
if frum nuy causu tbe con·cnt ia the circuit is !)0 
dilltinishcct , tbeu the weight or tho moving 
p~rt:S Ol'Cr<·omcs the pull of tbe rolcooid, the 
iron l'Orc l !lesceuds, thus shiftingthcbrnsbes 
tbc opposite '1\'liY and incrc:ISing the current 
to the nunnnl strength. The dash pot con· 
nectcd t.o t he iron •·ore I'may be of ordint.ry 
construction; bot I prefer, especi:tlly in m.-.. 
chines fot· nrc lights, to provide tho piston.:~ 
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the uaSb·pot wit.h :\ vah·c, ~• iouicalc(\ in tue 
urawiog$. This valve pcrmiiS a co111para· 
th·ely ~asy do1rowartl mOI'CIUeot of tue iron 
<:Ore, hut checks il$ IIIOVClllCOt WUCn il, is 

5 Urawn np by the suh:noit l. Such au :•rr:..ngc· 
uh"nt h:u. lht• :u.lvautagc that. a ;.:r~nt number 
of li~h ts wny be. rut. Nl without diminishing 
tho light·powea· of tile lamps iu the cirt·nit. as 
tbe brushes as.<nmc at once r he pro per position. 

10 Wben lights arc cut out. tho uash ·pot acts to 
r~tard thl'! an,J\'(IIm.-nf.; hut if tin~ current is 
consh.lca·:ahly iucrc:t.,.etl the -solcnoiU ~r.ls ab· 
uormally Sl rou~ amllh~ IJrushc . .-are ~hillc1l in· 
•tauth·. 

• s Tlui re~ula t or l•~iu;: lm>pc•lyauju;tcu,li~:hts 
Ot' Olhcr d e\ ic<•s Jll:ty Ue put ou oe· out with 
scarcely auy pcrccptiule tlilfcrcucj.'. 

It I~ o1Jvia11S I hat i ost.C;lU or the <lash pot nuy 
other tt'!tanling de ,· ice mi\y be u~ctl. 

20 1 t·laim a~ nav invt•nli; •n·-
1. 'fh,!COIIaUir,atiou. with the main :t111l all X· 

iliary bru~l.cs, uf tw~ uwsh ·hohlcrs, an.nxis 
f;lStencd tO one o( the urnSh·hOhlcts, Silt>IJOrt· 
iug·sr.rews fOI' the same, a support (ur theuther 

· : 5 hrusb·holtler sn rrou mling the ax is, a solenoid, 
:1 core for the :<arne, an<! links conoeeting the 
core to the t·espectivu IJrnsh·uol<lers, suhstnn· 
tinily asset forth. 

2. 'l'hr. corubioation, with the hru~hcs,brusb· 
;o ltolde~, am! the '"is upon which the Llt·ush · 

hol<lcrs swin(:, or a solenoitl nu<l core, con· 
ncction! froJU the s:nuo to the llrush·hol<lcr~. 
au<l ao u<lj I lSI in~; screw to limit the movements 
or the, ... ,~. suhstnut ially as set forth. 

3. The CODibinatiou, wiU• the bt·ush·holders 3~ 
and their axes, of a solenoid aod core, nnd a 
coriocctioo from. the core to the brush·hol<lers, 
and nu irou screw at the inucr CU(I of tbe coro 
to au just the octiou o( the ma:;uctism Oil ·the 
core, Snustanlially :\S St·t forth. ~0 

4. 1' he •·ombi•lati\lu, with tue bt·ushcs, tbe 
IJrush -holdcrs nn<l their axes, of a solenoid al)d 
core, and conoectious t() move tbc brusu·hoiU· 
c1s; nod n <l:lSh·pot provided witb n ,·alve, 
sub~tant.i~lly :•~ tlescriiJcd, to diminish the ~5 
spccu nf movement .. r tile COI'O in .unc tlircc· 
tiou tuore than lbt• otltcr-. subsl:tntially as set 
forti!. 

ii. The comiJiu:ll.ion, with tire brusuc~. the 
bqtsh · holtl<·rs nod th~i ,. a~es. of >lsolenoi<lno<l so 
core, nntl connections to tuove the brush.·hohl· 
crs, and n dasu·pot '" uimiuislr the ~peed of 
mo1·e•ucn~ nr the c·ot·c, snbstaotially us set 
fort II. 
· G. 'fhc cowiJinntioo, 11·itb the brush·bol<ler-,; 5S 
nod tho aolcuoitl nnd core, or links conoccting 
to the hol<lcr-s, nnd a screw to a~jnst t.he posi · 
tion or the core In relation Itt tho solenoid, 
suhstnnllally ns set forth. 

Signed by me this 12tu llny of .January, II.. 6o 
D. 1880. 

NlKOl.A TF'-'lLA. 

\Vi l nc.qscs: 
o ..:o. ·r. PnH·Jou;v, 
WILI.tHI G. Mon·. 
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DYNAMO · ELECT R IC MACHINE.' ' 

SPECII'ICATION formiu& part of L•tters Patent No. 359,748, doted Marcb 22, 1807. 

To all whom it may concern: . 
ne it known tho.tl, NJKOLA 'fESJ.A, ofSmil

jan Li ka, bo"lcr country of A ustria-llungary, 
have invented certain. Improvement~ in Dy

·5 naruo-Electric Machines, of which the follow· 
· ing is a spccificat.iou. 

'fhe main objects of my ion·ention arc to in
co'CaSe the efficiency or the machine and to fa
cilitate and cheapen the eoustrnction of the 

:,o same; ami to this end ony· in,·ention relates to 
the noagneUc frame and ~he armt\lurc, :ut<l ·to 
other features of constl'ltction, hereinafter more 
fully explained. 

My invention is illnst.ratc<l in the accoonpa-
'5 nying drawings, in which FiJ:IIr'! 1 is: a lougi· 

tudinal section, an111'ig. 2acros,.scction,oftbe 
111achinc. l~ig. 3 is a top \'iew, and Fig. 4 a side 
view; of the runguctic frame. Fif{: 5 is an end 
view or the cOrnmutator-lJars. amt 1:-ig. u is a 

20 section of tbe shaft auu conoruutatoo·- bars. 
l>i;;. 7 is a diagraou illustrating the coils of tho 
urouature and the collllcct.ious to the connnn
tator· plates. 

'fbe coresc c c c of the tiehl-mn,;nets may be 
·25 tnperi n~; in hoth directions, as shown, fot· the 

purposes of conceuto·ati ng the uo:tgnetismu pon 
the miudle of the pole -pieces. 

The eonnecti ng- frn noc I~ l!' of the liehl ·mng· 
nets is in the form intllcateu in the side view, 

jo Fig. 4. the lower p.Ht being pro\'it)ed with the 
spreadin~ cur\'eu cast legs c c, so that the ma
cbiue will rest fit·mly npou two base-bars,,.,._ 

'l'o the lower pole, S, of the fiel<l-tMgnet l\I 
is fastened, preferably by ll)C!l-ns of Babbitt or 

3S other fusible diam.a:;netic material,·tbc base 
B, which is proviued with benring3 b for the 
aqnature·shaft H. The base B bas a projcc
tioo,-1', which supports the brush-holders and 
the regulating de\'iccs, which may be of any 

40 ordinary cha.-ncter, or may be such as showrt 
in an application of like date herewi th. 

The armature is constructed with tho view 
to reduce to a minimum the loss of power due 
to tbe tran~vtfrsal or Foucault current-s aml to 

45 the chango of polarity, aud also to ~horten as 
ruu.ch as JlOSSiblo the length of the inaclivc 
wire wounu upon the armature-core. 

It is well known that when the armature is 
l'c,·olved l>etwceu the JlOies of the ficlu-roag-

nets currents nrc generated in the iron body ;o 
of the nrmat•n·e which develop heat., anu con
sequent-ly cause a waste of power. Owing to 
the mutual actiou of ~he linr.s of force, t.l.lC mag
net-ic properties of iron, and ~he speed of tho 
different por~ioos of the nrruntnre-corc, these 55 
cnt:ront.sare generat-ed principally on auu ncar 
the surface of the armatnrc·CI)re, diminishing 
in s~ren~th grndu;llly ton·ar<! the center of the 
core. Their quantity is under same conditions 
proportional to the length of the irou body in 6o 
the direction in which these Clu-reut.s arc gen
erated. Bysnbdividlng the iron coo·cclcctric·. 
ally in this d irection the gencrntiou of these 
en rrcut.s cau be red need to a great extent. Por 
instanec, if ~loc length or the armature-core is 65 
twelve inches, and hy a suitable constrnctioo 
thesanoc issubd i videtl electrically ,so that there 
arc i o tbcgcncrn.ti ug direction six i tH:bt~s of i rou 
nn<l six inches of intervening nir-spac('S or in
sulating matet·ial, tbe currents will be reduced 70 
to fift-y per cent. . 

As shown in the urawings, the armature is 
constructed of thin iron disks P D I>, of vari
ous diameters, fastened upon tho armature
shaft in a suitallle ·ro:uii\Cr and arranged ac:·7s 
cordi ng to their sites, so that a series of iron' -
bodies, iii, is formed, each of which u iwi n
ishes in thickness from t-he cooter towaru tho· 
periphery: At both ends of tbc armature tho 
in,ynrdly-eurvcd disks ad, preferably of cnst· so· 
iron, arc fMteueu to the al'Dtn~uro·sbaft. 

'l'be armature -core being construct~d as 
shown, i~ will be easily seen that on those por· 
tions ofthearruature that 11re the most remote. 
from the axis, and where the currents arc · s~ , 
principally developed, tbe length or iron ill ,, . 
the geocrot-iog direction is only a SDiall frac
tion or t-he tot:\! length of the arru:.tu re-corc. 
and besi<le3 t-his the i rou body is subuivided 
in the generating djrection, and therefore tho' 90 
Foucault currents 'arc greatly rcllnccd. An
other cause of heating is t-he shifting of tbc 
poles of th<Y.~rruature-cot·c. In consequence 
of the subdivision of tbc it·on in the armatut·o 
nud the incrc:\scd surface foo· radiat ion tho. 95 
risk of heating is lessened. 

Tile iron disks D D D m:1y l>c'insulnted Ol' 
coated with some i nsulnti ng-paint, a ~·el'y care-
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·ful insulation being unnecessary; ns an elec· 
tricnl contact between several disks can only 
occur on places where the generated currents 
arc comparatively we:~k. An armature·core 

·5 constructed io the manner dc:;cribcd may be 
revolved between the poles of the field-mag· 
nels without showing tbe sli'ghtcst increase of 
temperature. 

Tbc cod disks, d d, which nrc of sufficient 
• 10 thickness and, fortbc sake of cheapness, prcf·· 

erably of cast-iron, are curved inwardly, as 
indicated in the drawings •. The extent of the 
curve is dependent on the amount' of wiro to 
be wound upon thearruatnres. In.o1ypre8eot 

, 5 invention tbc wire is wound upon the arma· 
ture iu two superitnposed pnrts, and. the curve 
of the end disks, d d, is so calculated that the 
first par~tbatill,practically balfofthe wire
just fills up the hollow space to the line :z: :z:; 

1o or, if tho wire is wound in any other mam)er, 
the curve is ·such that when tbc whole of the 
wire is "'onnd t.hc outside mass of wires, to, and 
the inside mass of wires, •o', nrc equal at each 
eido of the plane :z: :z:. In this case it will be 

25 seen tho !lMSive orclectric,.lljr-ioactive wires 
· are or the smallest length practicable. T!Jc 

arrangement .lr:ls further· tho advantage that 
tbo tot.~llcogths of the . crossing wires at tho 
two sides of · tho p laue :z: :z: nrc practically 

;o equal. 
To further e!Jn~lizc the armatore·coils at 

both siucs of th<' plates that nrc ilf cont.~ct 
with the brushes, the winding and connecting. 
op is effected in the following manucr: The 

·35 wholo wire is wound upon the arruatm·e-corc 
!o two superimposed parts, which nrc thor· 
ougl:ily iustilntcd from each other. Each or 
these t,i·o parts is composed of three scp~rated 
groups of coils. T!Je firstgr·oup of coils of the 

,4o first part Qf wire beiug wound and cponcctcd 
to the comruutntor.bars in the usual manner, 
this group is iusula~cd nod the second group 
wound; but the colls of this second group in· 
stead or !Jeiog connected to the ricxt following 

:is commulator·hars, arecouuectcd to the directly· 
· opposite bars of the commutator. T·hcsccond 
·group is then iusublcd nod the thircl group 
wouud, the coils of this grqup being conucctcu 
to thoso bars to which they would be con · 

'5o ncctcd in the usual wny. The wircs.arc t!Jcn 
thoroughly iusulatc<l and the second J)art or 
wire wound and connected in tbc same m~n· 
ncr. · Suppose, fot· instance. that there nrc 
twenty-fou rcoils-t hat is, twcl vein each part"'-

55 aod conse!Jueotly twenty· four comwutntcr· 
plates. Thct·c will be iu each p~rtthrccgroups, 
each' containing four coils, aud the colls will 

. be conuectcd ~s follows: 
. . GroupJ, . Commulalur·bars. 
'6o ~First ............... 1- 5 

' First part of wiro Sc~ond .... ........ l7-2.1 . 
Thtrd ............. 0-la 

~ 
First ............ .. 13-17 

Secoodpartofwirc Sccqnd ...... ..... . 5- 9 
6s Tbiru ............. 21- 1 

14 

In constructing the a•·mature·eore aud .~iod. 
i ng and conucctiug the coils in the manner in· 
d icated, t.hc passive or clcctrically·inllctivc ' 
wire is rc<Juccd to:\ miniruum, nod the coils 
a~ c:ich side or the platcs . tha~ ~rc in cont:tct 70' 
with :he brushes arc practically equal, nnd in 
this way tho electrical efficiency of the rna· 
chine is increased. . 

'fhe commutator-pl~tes t are.shown as out·· 
side the bearing b of tbe orruatnrc·shaft. '!'he 7S 
shaft R is tubular anti split at the end portion, 
aud the wires are carried through the s.~·me in 
auy usual manner and connected to the rc· 
spectivo commu tator-plates. 'The commnta· 
tor·plates nre upon a cylinrler, " • and insu- So 
lated, nod thiscylindcr is to be prop.erly placed 
and secured by upanding the split end of tho 
shaft by a .tapering screw-plug, 11. : • • 

I do not chtin• herein the cores of tbe field · 
rungncts couvcrgi.ng toward the pole·picces; 85 
co•· do I clairu thu mct.!Jod of fastening the 
b:lse to th.c lower field-magnet; as this has bccu 
claimed in my former application ou dynamo· 
elect ric. rna chines. -· 

What I claim is- 90 
1. In a tlynamo·clcctrlc machine, the armn· · 

ture constructed of iron disk~ of various rli· 
an1cters nrrongcd upou the s!Jaft in such a 
manner that a series of ir·ou bodies is formed, 
each rliminishing in thickness from the ceu· '9s 
ter to the periphery, substantially as nnd for. · 
the purposes set fOJ·th. 

2. Inn dyua.mO·clect·ric IIJ~chine, the· nrma'· 
ture·corc having iron diskS.of various di:!.ruc· 
tcrs, in combin:,ttion with inwardly • curved roo. 
end rlisks, for the pul'JYOSCS :uul substantially. 
as set fortb. 

3. In a dynamo·clcctrir. machine, an arrna: 
turc·core hM'ing iowardJy'-cut·\'C<l ends. iu 
com hi nation"' itb t~e ':um~tu rc·coils, the cross· '"S 
iug wires of which coils l)OSS into the concave' 
heads and projrct equally, subst.~ntially as set 
forth. 

4. I n a dynamo·elcctric 1n~.cbine, an arma·· 
turc having separate coils· superimposed and 110 

connected to the commutotor·plates in :~lter
nating gro~ps, substant.ially as set forth . 

~- Au nrnJULurc fo r llyu:uno ·electric ma-• 
chines, having a core composed of disks of m: 
rious dinmetcrs, in combination with scpa'rate us 
superimposed coils connected to tl•c commu· 
t.~tor-plates iu alternate &;roups, snbstant.i:llly 
as set forth. 

G. In a <lyoamo·clcctric machine, tho mag· 
netic frame c.oroposed of the cores c c c c, the 120 
curved pole· pieces N S, anti the connecting· 
frame with t!Jc curved and ontw:.rdly· pro· 
jccting legs c c, snlJslnutially as <lcscribcd: . 

Signed by me this 12th day of January, · A., 
D. !SSG. . . .. . . 

;NIKOLA TESLA. 
Witn~cs: 

GEO. T. PINCK'iEY, 
W .U.LACE L. SERIIELL. 
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To all wltoln it may conccJ'n,: Ute commutator to 'turn upon tho collector, 
Be It known thnt I, NIKQLA. TEaL!, from whereby tho currents induced in the coils aro 

Sroiljnn, Lika, bordercoontryof AustrhvHun· -taken o!l' by the collector-segments and thence 
gnry,nt prcsectresidlng in tbeCity, county, and conveyed otr by suitable coulluctors lea.<ling 

s State of New York, bavo invented certain new from the collector-segwcnts. · 'l'bis Is the gcn· 55 
:10!1 useful Improvements In Commutators for era! plan of the construction which I have in· 
Dynamo· Electric l\Iachlnes nud Motors, of vented; Aside from cer'l.'liu ndjnucts, the na· 
which the folloliing ia n specification, refer· turc nud functions of which will bo hercinaf. 
ence being had to the drawings accompanying te1· set forth, this rncnns of cow mutation. will 

•o and for·ming a part of tho same. . bo sceu to possess ruany import aut ndvan· 6o 
This invention, relates to dyuamo· cl~cLric tages. In tho first place Ute short-circuiting 

.machines or motors, and is an improvement in nud breaking of the armnlurc-coil connected 
the devices for commutnling and ~ollcctiug Lhe to tile commutatot··segurcnts occur at the same 
currents. inslaQt, and from the nature of tile construe· 

15 The objecls of th!) hwcntion ar·c, first, to tiou this \Vill be done with the greatest 11re· 65 
avoid the sparking and the grndnnlwcnring cision; secondly, the dttratioo of both the: 
away or ClrstrncUon of tho commutator-seg· break aud that of the short circuit will bo rc· 

. menta nnd brushes or collectors resulting · duccd to a miniuuuu. The first resu)ts i n a 
therefrom; second, to obviate tho JJcccs.sity of . .reduction which nmouuts practically to asup-

2o readjust01cntof tho commutator or· the brushes pt·cssion of the spark, sin co the brenk and tbc 70 
or collectors nod other couseqncoces of the short cit·cnit }tr·oduce Opposite clfccts in the 
wear of thcs.'lmc; third, to render· practicable arnmturc-coil. Tbc sccou<l has the clfcct of 
the constrnction of very large dyuarl\O·Ciectl'ic dimiui5hing the destructive clfcct of a spark, 
ruachines and motors with the minimum nnm· since this would be in a rocnsure proportioned 

25 ber of commntator·scgmcnts,,and,fourtb, to in· to theduratiou ofUtcspark, while les.~cning the 75 
creMe the efficiency aud safet-y aml retlucc the duration of . the short circuit obviously in· 
cost of the machine. creases tbc elncicncy of the machine. · 
· In carrying out my iovcntionln ·n manner 'l'llc mechanical advantages will be better 
to accomplish these results I construct n com· uudcrstooc! by referring to the accompanying 

;10 mutator nnd th'o collectors therefor in two drawings, in wllich- ·· So 
parts mutually adapted to one another, and, sr:i Figure 1 is n ccntrallongitut!iunl section of 
far ns the essential features ar·e concerned, (be end Of n shnft with my improved commu· 
alike in mccb:mical structure. Scl.ccting ns tator carricu thereon. Fig. 2 Is a view ·or the 
an illustration a commutator of two segments inner or· bearing face of tbe collector. Fig. 3 

15 adapted for usc with an armature tbc coils is an end view from tbc armature side of a 8.~ 
·or coil of which have but two fr·ce ends, con- modified form of commutator. I?igs. 4 ant! 5 
ncctcd rcspccti vely to the said segments, the arc views of detail~ of Fig. 3. Fig. G is a Jon · 
bearing-surface is the face of a disk, nud is gitudiual central section of another modi fica· 
formed of two metallic qnadmnt·st'gmcnts and tlon, and .l!'ig. 7 is a sectional view orthc same. 

40 two iosulating·scgmcnts of the same dim~n· A is the cml of the armaturo·sbaft, of a dy· 90 
slons, nml tbo face oC tile disk should be namo·clectric machine or motor. 
smoothed orr, so t)lat lbc mct.'ll and iusnlnLiog A' is a sleeve of insulating material around 
segments arc Oush. Tile pnr·t which take~ the the sbnft, secured in place by a screw, ll', or 
place of the usual brnshcs, or wl.rat I term the by other suitable means. 

45 ''coltcctor·," is a disk of t.he S.'llllo cbnrnctcr ns Tbe commut.'ltor proper is In the form of a 9;, 
the· commnl.'ltor and having a surface simi· disk which is mnde up of fom· segments, D D' 
lnrly formed with two insulating and two me· G G', similar to tbose shown in .l!'ig. :J. Two 
tallic segments. · 'rhcsc two pnrts ::<rc mountl\d of these segments, as D D', nrc of metal antl 
with their f~ecs in contncL ami in such man· nrc in clcctric.'ll connection with the ends of 
.~cr· that the t·otation of the :ll'mature causes the coils on tho armature. Tbcothcr two acg· reo 

• 
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. mcnls nrc of il~~nlating mnlcdnt: 'fhc scg· 
:ncnls nrc hcl<l iu place by a bnncl, n, of In· 
sulating mntcdal. 'l'llc disk is ucld in place 
l>y fr·iction or ·by screws, •ncb M rl !f, Fig. 3, 

:5 which secure the disk lirll\iy to the sleeve A'. 
. The collector is mn<lc in the sam~ form as 
.tb· e<>nnnutntor. It is composetl or the .two 
ru-tnllic sfogmcnls E E' !\ml the two insul:-.ting
sc~:rnents 1' F', bo>Hl<lto~;ct.bcr by n band, C. 

•to 'l'hc f!•Ctallic segm(:nts 'BE' nrc of the snmc or 
prnetrcally the same width or extent as the 
insnlatin;; segments Ol' sp:tcC's ofthc commu
tator. 'l'hc collector is seen rc.<l to a sleeve, B', 
hy sc rews !' !J, and the slce1·c is arranged to 

'•5 turn freely on the shaft A. The end of the 
<ICel'c Jl' is clOSCtl by a plate, ns f, upon which 
pre:;ses n pii'Ot·point~tl scrcw,lc, adjustable i n 
:1 spring, H, which nt·L~ -to maintain tile col· 
lector in close con!aet. with the commntntor 

•20 nml to t:Ompensntc for the piny of the shnrt. 
Any con1·enient menns is employed tu hold 
the coll~ctor so tll:Jt it may uot turn with tile 
shaft. For cxamplr; I hnvc shown a slotted 
plate, lt, wllicll is designed to be attached to 

'25 a sk~tionnry support, nut! an arm extending 
from the collector aud rorrying a clnmping· 
sCt'Cir, L, by wllicu the collector may l>c ad· 
jnstctl null set to tile <lesirctl positiou. 

I prefer in tho forut shown in Figs. 1 null 2 
.l'l to lit lite insulaling·scgrucnts of bot.h commu· 

tal or nud collcctot· loosely ntitl to provide some 
meaos-ns, for exam pi~, ligllt springs e c, so
CJtt·cd to the bauds A' n·, respectively, and 
bearing :tgaiust the segments-to c:<crt a light 

35 }lressurc upon t.lJcm aud keep them in close 
contact anti to compensate for wear. The 
mdal segments of the commutator may l>e 
movecl forward l>y loosening tho screw a'. 

Tho circuit or line wires nrc Jed from tho 
40 metal segments of the collector, being secured 

tller·cto iu aoy conveuient manner, the plan of 
conucct.ious being shown as applied to a modi
fie<! form of the comnHtt.~tor in Fig. G. Tho 
commut.~tor and the collector iu thus prc~cnt· 

·IS ing two Oat nnd smooth bcnriog·surfaccs pre· 
\'cut by mechanical. action the occurrence of 
sparks, and this is more effectively nccom· 
plishcd as is here done-that is to say, by the 
interposition of nn insulating bo.Jy between 

so the separating plates or segments of the com
mutator and collcctor-thun by nny.other me· 
chanica! devices of whicll I am aware. 

The insulating·scgmcnts are made of some 
hart! material cnpablc of being polished and 

·55 formed 'll'ith sharp e.tlgcs. Snch materials as 
glass, marble, or soapstone may l>o ad vanta 
genusly used. 'l;'ho mctnl segments nrc prcf· 
crnbly or.coppcr or bras.~; but·tbcy mny have 
n fncing or edge of tlnrnblc nmtcrinJ- guch ns 

6o platinum or tLc like--where the sparks nrc 
linl>lc to ocenr. 

Tn Fig. 3 a somewhat moclifoctl form of my 
Invention is sllown, a form designed to facill
k~tc tho construction ami rcpbcing of tho 

6~ parts. In this form the commutator nnd cot .. 
.}ector arc made in snbst.~ntially the same man
ncr ns previonsly dcscribccl, except that tile 

banils-l:l C ntay ue omitlctL The r~ur ~g 
mcnts of ca'ch part·, howcl'cr, are :recnr·<:.J to 
tllci.· rcspectil·c sl.,CI'(:~ hy sc.rcws !I g', and 70 
ouc cUgc of each ~~l!lrnt i.-; cnt nway, so that 
~mall plates a b may be slipped iuto the5pacc~ 
thus fonnetl. or these plates 1111 nrc of· metal, 
nntl aro in cont:icL with tlrc m~t:tl $Cgrncnts D 
D', rcspccth·cly. 'l'hcot hcrtwo,bb,arcofgla.~ 75 
or mnl'!Jic, anti t h(:y arc allprefc:11l>ly sqnare, 
ns shown in Figs. 4 and 5, so that they ruay 
lle tut·octl to prc~Ct\t new edges should nny 
edge become worn by usc. · J~i~ht sp~in~s . cl 
lJcm· upon these. plates· and press those in tlie l!o 
con1mutntor toward those i n the collector, :ond 
insulntiug·strips c c arc scclll'etl to the peri ph-. 
cry of ·the dist;s to prcvt·l1t the l.olocks from 
llcin:;thrown ont by ccntrift~;;nl actie>rr. 'f!Jcso 
pbtcs nt·e, of course, useful at those c:l~;cs of Ss· 
the segment.~ only where sparks nrc linblc (o 
occur, anti, ns they nn) c:t~ily rtpl:tcc<l, they 
ai-c of gr·cat :ulv:iutngc. ·· J prefer to coat· theru 
with platinum or silrcr. 

In Pigs. G nntl • · is shown the construction 90 
..-hieh I usc when, inst(•ntl or solitl se;;mcnts, a 
fluid is employed, In this cn.sc thccomruutntor 
.nod collector arc made of two insnlati ng·tlisks, 
S T, aud io lieu of the metal sc~mcnts n. space 
is cut out of each pnrt, ns at R H', correspond- 95 
ing in shape aud size to a metal segment. · 
The two parts arc fitted sn\oothly nnd the col
lector '£ held lJy t.bc scrCI\' I• and St>ring H 
ngains~ the commnt~tor S. As in the other 
cases, the commutator •·c,·oJI·r• while the col· 1oc 
lector remains stationnry. 'fhc ends of the 
coils arc connected to binding-postsH, which 
nre in electrical conncctioll ~rit.ll mctnl plates 
t t within the recesses in t he two parts ST. 
These chambers or recesses arc tilled with 105 
nicrcury, nntl in the colicctor part arc tubC.s 
W ,V, witu scrc"·s ro 1o, cnt:ryiog ~pl'inb'S X 
nod pistons X', .which compensate fot· the C:<· 
pnnsiou and contraction of the mcrcuryundc•· 
varying temperatures, hut 1\'hich nrc ~uffi· n.; 
cic~tly strong not' to yicl<l to t.hc prcssnrc' · 
the Oui<l' dnc to centrifugal action, nml whil 
serve as bintliug posts. · 

Iu all tho nbovc cnscs I bai'C described com
mut..~tors adapted for.a sin"IC coil,nn<l tue de- 115 
vice is parti~ulnrly adapte<1 to snch purposes. 
The number of segments runy be increased, 
however, or more than one commnt.n.tor u~cd 
with a single armature, ns will be well under· 
stood. no 

Altllough I hnvcshown the bcaring·surfaccs 
as planes at right :mglcs to the shnrt or axis, 
it is cviucn~ that iu tbis pnrticulnr the C(ln· 
structiou may be nry greatly modified 'll:itb.' 
out departure frow t.hc iuvention. r 2) 

'Vithout confining myself, therefore, to tile 
dct~ils of construction which I hnve ~hown in 
illustrnlioo of the·inl'cntiou, what I claim:~>~ 
new is-

1. In a ilynamo·clcctric machin~, the com· 130 
binaLion,witll ocommutator.Jonr. d with con
ducting t.crmiuals or segments with iutcrven· 
ing losulnting-spaccs, of a collector adapted 
to bear upon the surf!'CC of the commutntor 
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nnu forn•c•l with con<lncl ing tcrmlnnls or scg· 
m<·ots equal in extent to the in~nlating spae~ 

· Lct"·~cu t.he conllnnt3tor·scgmeut.s,nsset forth. 
2. The combination, " ' ith 3 commutator 

5 bu•lt o•· formcll of alternate blocks or seg· 
mcuts of conducting and insulating material, 
of a collector auaptellto bear upon tbc surface 
of tbe comruut.~tor and formed "f conducting 
blocks or segments or a wiutb or c~tcn~ equal 

,10 to that of the insulating segments of tbe com· 
mutator and scpnrntc<l by interposed blocks 
or segments of insulating material, as de· 

.scribed'. 
S. 'rbe con•t.inntion, wltb :1 commutator 

•s formed (IS n uisk with altcrualc terminals or 
segments or conducting aud iusul3tiog m3· 
terial, of a collector similarly formcll and 
mounted witb its face in contact with that~ 
the commutator, as set forth . .' 

20 4. The combination, with a commutntor bav 

• 

ing 3 hcariog-sm·facc formed of :J.Itcroatc sec
tioM of conducting nnd insulating material, 
of 3 collector w itb asi ru ilar and sy ruructrieally· 
formed bearing-surface and means for apply
ing spring-pressure to force the two bearing· 25 
surfaces togetheo·, as set forth. 

5. The cunobioatioo,with aeommutntor nod 
a collector tbe bearing-surfnees of .. -bich nro 
idcutical iu •·cspect to the di~po.sition of Uoo 
conducting nnd insulating parts, of rue3us for 30 
applyir.g spring-pressure to maintain the IJ<fo 
beating-surfaces in contact and means for bold· 
iog the collector against rotary DlO\'Cmeot, as 
set fortb. · 
,.,.Signed t-his 21st day of April, ISS7. 

NIKOLA TESLA. 
Wilnesses: , 

RonT. F. GAYLORD, 
.1'1<1!.!"1< E. HARTLEY • 
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To all whom it ma,v co11Cern.: 
Ilc it I<IIOWII 1hat I, NIKOLA. T£SL!; frou, 

Souilj"" Lika, bo•·•ler country of Austria·Hu~· 
gary, re~id1ng at New York, N. Y., bnve in· 

~ vente<.! ce1tain new nnd u~eful Improvements 
in Electro ·Mn:;oetic Motors, of which the lol · 
lon·io;; is a SJ!ecilication, reference beiog bau 
to the draw!n;;s accomp~uyiog nod forll)ing a 
pa~t of the snrne. 

10 Tbc pmttical solu tion or tbc pc·obleo of I be 
electrical CtiiiYersiOil nnrl traostniSSiOil or Ule · 
chnnical cuer;;y involves certain requirement3 
wuich tile apparatus und syste•us heretofore 
employed i•avc not been capable of fultilliug. 

15 Suc!J n solutiou , Jll'imarily, demands a un1 
forutity of ~peed 111 the motor irrcspcclive of 
its load t1'tH11 n its ootmalworkio~; limits. On 
tb~ other b:111d, it is necessary, to a!ta1n a. 
gr~atcr econo10y M ~ouversion Lhan ba$ he re· 

10 tofo1·e oxistcd, to construct cheaper and moro 
re.lia.l!le an <I s iruple apparatu~, and, lastly, the 
nppar;;tus must. be c-.tpnblc of easy manage· 
rue~~. aud such that all uan:;er from the use of 
currer.ts or high tension, which are neces· 

2~ sary to an economical transmission, may be 
avoided. 

My present invcotion is uirccted w the pro· 
clucLiou at><.l improvement of appilratus capa· 
ul•! of more nc:ll'ly mcctiu;; these rcquircmeuts 

w tl>"n those he retofore 1\\':tilabl~. and though I 
have dcsr.riueu various means fortue purpose, 
Lhcy i~·olvctho s•mc main principles or con· 
srruct1on an•l onoucofopcralion,wuicb may be 
<.!escribcd a..q fc.llows: A DJ.Otor is employed in 

JS ~rhieu lucre arc two or more iu•lcpeudeot cir· 
cui~ thr~n:;h "·ltich allcrnalc currcots arc 
p~~scd at p ropcri utcrvals, io tu~ mau ncr bere· 
10~ftcr ~~~~criiJcJ, for the purpose or effecting 
"progres:;ivc sbiO.mg_of tbe mAgnPtisru or of 

40 tbe "Jiucs of furcc" 111 accordance w1th tbc 
well · ktiowu theory, :1ud a consequent actiuu 
of tbc motor. It is ouvions that a ;>rop~r 
pr<.grcsstvc shifting of tbc litocs of force ntay 
be uti lized to s~t up a movement or ru~ai!Oil 

4 ~ of eitucr clen•ent of the motor, the arru:lture, 
or tbe tiel<! maguet, nuu that if the currents 
directed t.brou:;h the sc,·cral circui~ of the 
wotor arc iu tile proper d.ircctiou oo coru wo· 
tat or for the inotor Will be required; but to 

so nvoi!l ~lith~ usu.•l commnlatl ng appliaocoo io 

tbe systcw I prcfet·lo conoec~ the motor·cir· 
cuit~ directly wit h those of n suitable altc.r· 
oale cuneut generator. TUe practical result~ 
of sucil a syatew, its ecooocDical advantages, 
and the 1node of its cocst.rut-tion aod opcm· 5S 
tioo will be described more in detail by ref· 
e reoce to the accompanying tliagrams and 
drawings. 

Figur(:lll tol)aoct j> to s·, inclustvc, arcdl:l· 
g~anos i:lustrnting tbc priucip.IG' oC tbc action 60 
of UIY in.-eotiuo. 'l'he reU>aioin~; 6gurcs are 
" icws of the npparntus iu various forms hy 
rHcans of which tbe invention way l>e carried 
i nto cffeat., a11d which will be deseriued io 
tccir orucr. os 

Hcfcrriog first to Fig. ~. whith isau>a"ram 
mat.ic repreleotatioo or a wot.or. a gene~at.or, 
aml cunncct iog·ci rcuits in accordance witb my 
IIJVcnt!on, M is the UIOt~r. and G tit~ gcncr· 
a tor fur uri viog i/, 'fhc IUOtOr COIUpl'iSCS n 70 
ring ur auoulus, It, prefcrnl>ly bum up of 
turn insulated iron riogs o•· annulnr plates, so 
as to be as susccvti '•lea$ possibl'c to vo.rbtious 
io itA 10agoctic ~:ootlition. Tllis ring is sur· 
ro~oded lly focr coils of insulatcclwire sym· 7~ 
meLrically placeJ, aod designated by CCC' C'. 
Tbo diaU'Ietrically·oppositecoils nrc connected 
up so as to co-operate io ,Pairs iu producin~ 
frc~ poles oo d iametrically-opposite parts of 
the riug. '!'he ro •1 r free ends tbus lcltarc con· So 
uect.cd w terminals T 1' '1' T', as iudicated. 
Ncar the r ing, nnu preferably insiduofiL, there 
i:; rpc•u oted ou au :uis or sbaf~, a, a magnetic 
disk, D, generally circular io sllape, bue h:w· 
iug two sev.meot.s cut away, as s!iowri. This 85 
<lisk is mounted so as to turo freely wiL!Iin tile 
ricg R. The generstor G i~ of 3 CIJ ordinary 
type, that shown in tile present iustancc lla1·· 
ing ticld- magoc~ N Sand a ryliourical armo· 
tore· core, A, wouod ..-ith the two coils B B'. 90 
TbG free eods of eacb coil o.re carried through 
tl,te sbafl a' aod connected, respectively, win· 
sulated coutacl·riogs b b b' //, Any cou,·eo· . 
icne Corm of collector or uruslr bears on .. ach 
ring aod rorws a termlualby which the cur· 95 
re nt to nod from a l'iug: is couveyed. 'fbeso 
terminals arG cooucc«:d 1.0 tbc ter·winals of 
tile motor by tho wir~ L ao•l L' io the mau. 
n~r ictlicatcti, wuereby two complete circuits 
nrc lormc·J--ooe !l;cludiog, say, t!Jo coils B or coo 
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the ge,ocrator C' (j of the motor, nod tbe or.her 
the remaining coils B' a ad C C orthe ~o~rator 
:>nd ·tb'c motor. 

It l'Ctnaios 110\V to O~p!!\ill tile lOOde or Op• 
s er:>.tio·n of thls system. and for tbis purpo.e I 
· refer to thediagr31uB, Figs. l toS, and 1' te>8•,. 

for an illustratiou oft be various phases lhi'oagh 
wbiell the coils pf the generator pass wbea io 
operatioo, and tbo corresponding And . result· 

10 act magnetio.cbangea prodMed in tbe·motor. 
The re,·chltioo· of .tl~ arruatu1·e of thc. gener· 
at or between tbe field·magoets·N l;> obvionsly 
produces in the coils n B' alternatl ng cnn·ent~, 
the Intensity and dil·cctioll or wbicb depend 

15 upon well·kU0\<0 111\\'S, lQ t!Je p03ltiOil O( tho 
· ooiis indicate<\ in Fig. 1 tbe curr?nt in tbs 
coil n is prActically ,.;1, wheroM ~be coil B' nt 
t be sa rue ti tole Ia d~vcloph1g Its IIJR·xi ru.u 111 cur
rent, and by tho meoue indicated in tbe de-

20 Scription or Fig. 9 the circul~ including this 
eoil R' mny ~leo iuolude, BAy, the· coila C Cor 
tbP. motor, J:o'ig; 1•· Tbe rosult, "'ltb the proper 
connections, .. -oul<l be tlte magnetitation or 
the'ricg R', the 'poles boing ou. the !irio N ;;. 

~5 The sanae order of conu·ections being opgerved 
· between the coil B aod tile coils C', th~ latter, 

wbtn traversed by a current, tend to fix tbe· 
pole~ at right angles to tbeliue N' S·of Fig. 1' . 
ll rtSults, the1·cfore, tlla~ ;,·hen the generator· 

JO coils hnve made one eighth of u. revolutton, 
·rtMbiug the pooitiou sbo .. ·o in Fig. 2, both 
pairs or coils C nod C' will b¢ trnYcrsl'd 'by 
c;urreots 1\od 3ct in opposition, il\ so far as tho 
locatipn of the poles is couccrued. The posi. 

35 lion or the poles. "·ill therefore be the rcsn'lt.
act of the magnetiticg for003 of tbe coila-that 
is to say, it will advance aloug the ring to a 
posit·ion corresponding to.on,.eiebth of the 
revolnlioD o{ lhe arm:ituro of tbc geuerator. 

40 IA Fig. 3 lbe nrwnture of the gener:>tor bas 
progre:ssed to one-quarter ot a revolntion. At 
'the point indicated tbe eurreot. in the evil B 
is ma~i1111101, "·hj lo lu B' it is ml, the latter 
coil btin~t in its n'entcal posit ion. The poles 

4; or the ring R in .Fig. 3 ><iii, in consequence, 
l>c shifted to a position ninety degrees froca 
th~t at the start, as shown. 1 ha?e In like 
manner shown the cpnditions existing at each 
succel!Sive eighth of one revolut.ion·in there· 

5o toainiog.tignres. A abort rcferenee to tbese 
figures will snfficc ror an u ~tderslan~lng of their 
Aignificance. J:o'il:• · 4 and 4" illn~t.rale tile con· 
d itions which cxis~ when tile generator.arma· 
tur<: has completed three cig!Jtbs of a reYolu-

5) t iou. llere both coils are generating.curreot; 
but the coOl n:, bnv lng ItO"' ent~red the oppo· 
sit• field, is geoera\ing :\ c11rrent in the oppo · 
slte direction, ba,·ing the opposite magne~it· 
ing elfect ; htnce the resultant pole will be on 6o the line. N 8, as shn~·u. In Fig. ~ one·ltalf o( 
one rc\·olntion uf tb~ !lrtnnlltrc ()( the gener· 
ntor. has been co1uplcle.d, ~nd tho l'c8u.ltiug 
ltlngnctic coo<lilio)l of the riog isshol\'n in Fig. 
~'. Jn this pbase cbil B is in the neutral posl-

6s tioa 'l'llile coil· R' is·genc1·aflng its maximum 
our rent·, wl•ich Jain tbe aaruc direction ns In 
l:'ig. 4. T.lic poles will c·ouseq~.~nlly be shifted 

throo(!b oriii half of tbc ring: ·I u F,i{:. G tbe dr-. 
mnture .he:s completed fi,-e.elgbtbs of a revolu· 
tion • . In this }>OSition coil U' develops a less 70 
powcrflll currcue, but in tQC samt uireet.ion ns 
before. The coil ll, ou the other hnn~. having 
entered a Geld of op1>osit c polnrity, generates 
a cur•-eut·p f opposite ~ircction. The·l·csuHnnt •. 
polea wilHbcr~rore be i•! the line N' S, !o'ig. G', 75 
or, in other ..-orcls, tbe poles of tl:e rin~; ;~·ill 
b~ sh ifted aloog tlve-ei:;htbs of its pel'iphery. 
F igs. 1 and 7' itt the o:ame mnnqer illustrate 
the· phas~s ortlle generator nnd· ring nt 1 hrec
<;nnrtere of a re~olution, and Figs. 8 llltd S• 'So 
t!Jc same at se\·cu·eigh!lls of o. .rc,·olutie>n or 
the genera!or·arwntorc. 'l'bcsc figures ·Will 
be rrod i.ly understood '0-om . tho 1'orcgoing. 
Wheo n complete revolution isncci>mp!ishcd, 
the cond itio us e~istiog at tho slnrt nl'e rc·es- Bs· 
tablis!J~d and the Enme nction is ,,·tpealcd for · 
the next and all snbsequent rc•·olutions, anu; 
ln. general, it wilt no"· he sccntbnto~ery revp

.luLion of the Rl'miltn re of tile I;C<lCI'ator p ro· 
duces o corresponding shifting of. the P·'lea or 90· 
lines or force aronnu the ring. 'II)is·~rrcet I 
ntilii.o iu producing tbc rotation of n. body or 
armature in n vari-ety of ways-for example, 
npplring tbe principle nbo,·e described to the 
appnratos sbov.·n iu Fig. 9: The disk D, ov.·- 9S 
ing to its tendency to assume· thnt position in 
which it ~mbr~ces !he grcatt$t' possible nnm-
ber of the magnetic lines, is se~ in rotnt lou, 
following tbo motion ot ebe lines or the points 
of greatr3~ nttraeUon. roo 
. Tbe disk D io Fig. 0 is shol\·n :IS cut n.-ny 

.on oppositcsi<lcs; bnt this, I un\'C fouud, is. not 
essenlial to effecting its rotaliou, as a eircubr 
disk, cs indic•Led by dotted linr., b al•o ae~ 
iu rotatiou. 'fbis phenomeuon I aUrihutc to 105 
a certaiu lnertiu. or resist.anro inhe.rent io the 
metal to 'the rapid shifting or. !he lines of.fo1·c•. 
throngh the same, •·bicl.l resul!s iu a conliuu· 
oca tangential pull upon the uisk, c.~nsing its 
rotat.ioo. 'l'his seems to be cpnlirmecll>y tit~ 110 
fact that a circulnr<IUik of aLee lis more ciT,-c, 
ively rotated than one of sof~·h·on, tor U•o rro 
~on t.hnt the former is·{ll!Sumcll t<i po!iSess o. 
gre.~ter resiStance to the· shifting of the mng· 
netfc lines. . tl ~ 

In illustration:or othc1· forms of my lltven
tion; l ~ball now descri11e tloc reniai ni ng figurNI 
.oflbe drawiogs. 

Fig. 10 is a view in ciC\'IItion nndpcu·t vcr· 
tical section <lr n motor. Fig. 12 is n top. view 120 
of the sn1ile with tho Oelu iu section nuda rlia· 
grAU1 of connections. Fig. 11 is an ~nd or 
side vie" of a gcuerator with the fields in sec· 
tion. This form ofn1olor may be usetl in'·plncc 
ot tbat sho,.·n above. · ·D Ia a cylindrical or •as 
druu•·.llriMtnro core, whicli, for obv ion~ rem· 
sons, should lleRplit. up us far as practicable to 
v.reHnt ,the cin·uiotion within' i~ of currents 
o( iuduetion. 'fhc core i• \rounu long itudi· 
no.lly with t~·o coiltt,· E:111d B', tile enrls of wllleb 130 
ore respectively conucc.ted to lnsulateu ·oeu
tact.'rfngs d d il.r, cn1-ried by lb'e ahaf't a, ·upon 
which the armatnro Is monuted. The arma

.tll.re is se~ to revolve wlihh1 .an iron alitll, ·:a·, 
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'i\•hich constitutes tho fteld·.lllDgoee, ·or ether ·of the result-ant tlttractive force ex~rted ·by-
. 'element of tbe motor. Tt.isshell is preferably the poles G' upon the armature D ood coose· 

fotmed _T:"itb a slot or opening, r, but it _mny qu~~tly k~p tho armature rapid'ty rototiog. · 70 · oo contJD_uous, ~shown ~Y the dotted hoes, ~'be pc_c<!har advantage of this disposition is 
s no~ In tb1scv~ot 1t isprefercbly made of steel. 111 obtam1og a o1ore ~onceotrnte<l no.d power .. 
·I~ 1~ also des!r~hle .that; tbJ5 shoJI shoul4 be fnl fithl.. '£he opp1lc.1tioo of_! his principle to 
d_IvJ_ded up.s1nnlnr,ly to the armature and _for sy_st.(;UJS Juvolvioc multiple_c1rcuits ccnerally 
Similar rensons. · As a generator for dr~nog .. wJil be understood from thts apparatus. · 75 this ruotor 1 may use the device shown in Fig. 'r. R~ferriug, now, to Figs., 15 nod !6 Fig. 15 · 

10 11. This r~preseots an auonlar or ring arma- is a diagramruatic representation of ~ mudifi· 
' ture, A, surrou_oded b,Y four cbils, }' J? F F', of fied_ disposition .of my ia,'eutioo. Fig. 1jj is a 

which those du\lnetrlcally oppos1te are con· bonzontal cross section of the motor. In ibis 
nec.ted in se:ies, so thet four _free end~ are left., case n. disk, D, of _magnetic Dlet.RI, preferably eo 
wh1ch are cot~oectcd to the Insolated contact· cut o<ray at oppos1te ed"es, IIS'1100.wu..in dot· 

·rs rings b b b' b'. Tbe ring is soitably mounted ted lines in Fig. 15, is Il:ouated so as to turc 
on a shaft;.cs', between the poles N S. :. The f1'eely inside twostatiooorycoila, }I' N", placed 
contact~rin!,'ll· of each pair {)f generator-coil~ at right· angles to one another. The coils are 
are connected to these o'f the t•totor, respect.: preferably wound oo a frame, 0, of insulating ss 
ively, by weans .of contuct·b1·ushes and the material, ant! their eous are conneckd to 'the 

20 two pairs of conductors L .L ·and IJ IJ, os in· fixed terminals ').'T T'T'. The generator 0 is 
· dicated diagraOJmatically in Fig. 12. Now it a representative of that class or nlternatiug-
is obvious from :nonsidcr-4tion of the preced- current machioesio wblchast~tio~ary Induced 
iog figures that the rotation of the generator· element is employed. 'l'bat shown consist.~ of 90 
ring produces currents in the coils F F', which, · a revolving perm~ucot or electro maguee, A,,, 

25 being traos'mitted to the motor-colls,,!rupart to and {oar. independent stationary magnets, P 
tbe core of the latter magnetic po~s constantly P', wound witu coils, those diametrrcally op· 
shifting or .whirling around the ·COnl. :I'bis posite to each other being connected in series 
ell'ect sets up a rotatiou of the armature ow- and having their ends secu~~d to the termi· 95 
iog to the attractive force between the shell oola t t t: t'. From these terminals the cur-

30 and the. poles of tbe arruoturr, bnt inasmuch rents ar11led to th& terminals of tue motor, as. 
as the coils (o this case move relative to ~bo shown in ·the di"Rwings. Tbe mude of opera:. 
shell or tield magnet the ruo,·cment of tbe tion is substantially tbc same as in the previ· 
toils is in tbo opposite uirrctioo to the pro· ous ceses, the curreuts tra\·eraing the coils of roo 
gressive shifting of the poles. tbe motor having the eff~ct to turn the di~k 

35 Other arrangements of the coils of both gen- D. This mode of carryicg out the invention 
crator nod :uotor are possi~lc, an\1 ng1eater basthoadvaotageofdispcosing·with tbesJid:: 
number of circuits may be us~d, as 1\'ill be seen ing contacts in the system. . 
io the Lwo eoccccdiug figures; lu the forn1s of motor above described only 'tos 

Fig. ·13 is n diagrammatic illnstratioo of a one of the eleruentR, the armature or the field· 
4o motor and n generator constructed and cou- 111agort, is provided with .energizing-coils. It 

· nected in accordance with my invyntion. Fig. remains, then, to show bow botb elements may 
14 is an encl -riew of tbe geoel'(,tor with its be wouud with coils. Reference is tbet'efore 
field-magnete fo section. The lield·of the mo- had to Figs. 17, 18, and 19. Fig. 17 fs a1i en<l uo 
tor M is prodticed by six magnetic poles-, G' G', view of such a motor. Fig. HI is a similar 

.4S seen red to or proj<ttiog from 1\ ring or fra111e, view of the generator witb ~he field-magnets 
H. 'fbese ntaguet~ or poles arc wound 1\·ith in z~ction, nod Fig: 19 is a dia.g11llll oi the cir' 
insnlatecl coils, tboso diantetrically opposite cuit·~onnectioos.. In Fig.li tb·c fiel<l·mngnet 
to tach otherbciogcoooectediu pair.sso as.to oftbemotorcoosistsofariu~:. R, preferably of 115 
produce opposite poies in cacl~ pair. This tbio iosn:ated iron sb()Cts or bnnds with eight 

so leaves six free cuds, "·h ich nrc conncded to polo pieceS, o·, and corr!:5pondiug recesses, in. 
the termiuals·T •r T' '!"'I"' 'f". · 'l'be armature, wbiclr four pairs of coils, V,nre wNmd. Tbe 
wh'iclr is mounied to rotate bet"een the poles, diantctrically:oppositc p~irs of coil, are coo· 
is a cyliorlei- .or dislc, D, of wrougbt·ircn, ncct~d in series and the freceodsc~nuccted ~o 120 
nrounted on tll<: sllaft a. 'l'wn Sfgmeuts of four terunnals, 10, the rule to be ·tollowed 10 

55 the s.1we are cut awny, as sbol\'11. The gcn· couoec1.iog beiug thesnmeas hereinbefore ex· 
cralor foi this motor bas in this iost:mre pleined. Anarmat~re,D;wltutwooolls, EE', 
110 armata r~ . A wound with three coils, K 1 at 1·ight l\ngles to each other, is mounted to ro· 
K' K", at. ei~ty 'degrees apart. '!he cuds. of tat-e io siileof th~ field·tnogoetR. The ends. of 1 as 
tfres~ coils arc cor;nected, respc.ctwely, to 1n· the atmature-co1ls are connected to tw~ pnii'S 

6o solatcd contact. rings e e e' c'. e" e". 'I'h~e of contact-rings. d d a' a', Fig. 1:1.:- '!he ge":er· 
l'iogs arc couucctccl to those. of tbe tooter In ntor .for th1s motor IU$Y be of o~•Y SUit..,ble ktod 
p! oper order by means of oollect~ng·brtlsh'cs to p1·oduce C()'I'Cnts of tbc desJte<~ character. 
and six wires, form:ng tbrcc iodepenrlent,cir- Io tbe preseut iustnoco it consisls of !'tiel<!· 130 
cuitb. The \'ari:1Hous in .the strength and di· magnet, N S, and nn armaturo, A, w1tb ~··o 

6~ rectiou of 'the currents transmitted through evils at rizbt angloo, the ~ads of which arc con· 
these circuitd nnd traver.>ing tbe ~oils o_C !be nec_ted to tour cont!lct·~mgs, b b ~· b', carded 

1 . .lllotor produce .a steadily-progressive ah1ft1ng by 1ts shan. Tbe Clrcule·coooecllons are oo· 
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tablis!led bctweea the rinl,'ll oo the generator· · !or IV ill be pmcticoily coustaot. ' rt is ciP.arlr 
'holl. au<l thoso on.UJ(· ·motor-shall. by collect· appa1·r;nt that tbe speeu -:ao never ~xceed tbe 
iu:;\Jru•besnnd ~·ires,nspt~>!douslycxplaincd. arbitrary limit-liS del.tr,lllil!ed bj tbe gener- 10 
In onlcr t•l Jiropcrly eocr;;iac the llcltl·lil:lgoct ator, and also ·that Within C(:rtQiD llwiUI ot 

s ''' th~ :o<'oror. huiYC\·er, ti.Jc couuectioos.arc ,;o !cost the speed of the 01otor will te lndcpend
ml.t.h: '':it.ff tht arm:'\turc cC}iiS 01· wirc.s h::\tl11::; cnt of the st.rcngtb.or tUu c•nrent. 
thcr•:tu ti.Jat whil~ the poiuts or creoLt,&v at· It will IIOIY be more readily ~ceo from tbc 
tr!\ctiou or :;re'lle>t dcn•ity of m!\znetic liu~~ abo\·e <lr.scrlptioa h~w far the reqoiremeutsof 7S 
of forcn npou the ar01aturc arc si.Juie<l io ooc 1 a rrncticol system of electrical transmission 

i'o direction those IIP9" tltcfiel<l·ma;:ur:t;ll'r Iunde or power arc realized in my ipvention. I·s~: 
to pro:; res.~ in~~~ '•!>PO!itr. dir~ctiou: In other curo, first, a uuiform speed u~tler nil loads 
I'CSIJ<:tl5 tuc opcr~tiou is 'identically tb~· ~aouc. within the normal working limits of the mo· 
•~ In the otbcr cases eil~tl. 'Ibisarrangerucut tor witho•1t the usc cfnny nu.dliary regulator! so 
result~ in au inrrcaseotspcftl of rotation, lu second, syGchronisnt . bct~·e,,n tho motor aud 

15 Figs. 11 aud 10, forc.,amp!e, the terminals of gcu~1·ator; third, gr~ter ellicleney by the 
each se~ of ficld·coils :1re coooect.~ with the more tlil·ect opvlicntloo or tue curreu~. "o 
wire:; to the t'-·o nrm~luN·coils In Stich vray com mutating devices uelog required pro either 
!hut the ficltl·coils wi II ouaiutai ri opposite poles the motor or ~;rncrator; fuurtb, cllet\poess aud 85 
1n to.tlvauce oCthc polt'S or t-he rir:llnture. . ... •iruplicii.Y, or mechanical eoostructi,ou llntl 

eo In the drawings the fir.ltl coi1s nrc In shuots tconomy iu m:oiuteuance; tif(h·, tue capability 
to the arouatm·e, but lucy no~y h~ in P.crirs or of bring ,·yry ~usily mnna~e•l or controlled; 
in i udepcndeu t c·i rcni ts. ao<l, sixtu, tl i min•u ion of <laog~r fro1u in:! u ry to 
. It is obvious that t·hc same principle may be pcn;ons an!~ nppnrntus. .. 90 

nrplicd to the various typical fvrrns of motor 'fu~e motorsm:Ly b<' run io series, multiple 
lS he1·einllcfore described. . · arc or multiple series, nntlcr t~ohlitions wcli. 

: ·Haviug oow described the r.alurc of my io· uud~rsloo:l by th ose s\d;letl iu .tile art·. • 
'\'CnUon aud some of I he l'nrious ways in ~·hi ell , 'rhc mea us or devices fo1· ".31'ryiog out tile 
it is or mny be carried iutoeff<:ch I woulcl call principlo 10ay uc vnrietl to a f11r ~r88ter cx-'.95 
utteotion to cert5liu charnr.t•:ristics wbicu the teat tu:on I have been nlr!e to ;uclicate; but I 

~o opplicntioos o'f the lo,-ention possess ~ucl the rogard as within my iovcutit•o, ao<ll dtsirelfl 
advaotagrs which the ivvcntiou securl)S. S<!curc by Letters Pat~ut io gcutral, moto.n 
' · In my UlOtor1 coosidcrin!: for conv'cuicnct containiog lwo or more iUtl~pcotl~o~ circuitu 
that representccl in Fi~. 9, lL \\' ill be ou~cr<·ed tbrougb wi.Jiclo the operallng-currcots ure led :.100 
r hat since tlte tlisk D has o tenolenry to f·.>llow io th<: man!ler d<·scribccl. Ily "independent" 

.IS continuously tile poiutsM greatc;,;t attraction, I do not r.~nn to irnply. tb~t the circuit' are 
ant! s iucc theM points lre si.Jified arouocl :be ucccss.1rily IS<>iatctltroui oue .nuother, for io 
l'iug oucc for each rc••olntion of the nromtur~ fiome inst~nccs I here ouight IJc clcctrie.'\1 con· 
of theccucrator, itfullo~·s that the ruovcmcot licctions between tuc:ou to regulate or mo.lify lOS 
.,r 1 he t!isk D will be syucbronous with th•t of tbe action or the motor " 'ithou t D«il6S3rily 

~ the a•·mature A. This ' fc:~ture by' practicoi produeinga ne"' ort!ifTcrent n~tioo. 
clcwonstrations r hl\'e found to exi~t in all I an1 a warP, th•t tho rot~ti on of the a rma· 
other forms ·in ~·hich out rcvolutioh of the turP. of a 1uo~or wonnt! witb two energizing· 
'armature of tho gcuc1 a! or JHOO:utes a shif1 ing coil~ nt rigbt angles to ~acb other LaJI been 110 
o( the poles or tloe motor t:u·ough tlm·e buo· clfcctccl by no intermittcut. sbifting of t"'e en· 

lS dred not! si•ty <l<·groes. . . ~rgiziug eaccl. of \Jotb coils ti.JI'O~gb wh1ch a 
. lu thcpnrticularconstructitJOSho\\'ninFi~:. dlre~t corrcnL by UlOliiS of meeLauicnl de
l~.or io others constrnctctl on a s:oni lar piau, riel-s Ions bce.o trunsm ittetl in alternately·Op· 

' t be nu m\Jer of altcruati u;: i 111 pu lsc~ r;;su lli ng positc directiuus; but this mtthod o• piau I re· ' , s 
,from oue re1·olut io n of the generator arm:-.· ganl ns nbsoh1tely impmr:tic.:~blc for the pur· 

50 tore i~ <lou hie ;~s comporr•l witb the prectd · poses fut which my inv~oti'IU is dusigocd-at 
ill(: cases, uud t loc polarities iu the ouotor nre least ou nuy •~tcu<led scale-for Lite I'Casous, 
slufted arouua twice by oue revolution of the ruainly, tbat t\ 11reat wa.ste of energy i3 ooces· 
~enerato1··nrruature. Tile spee<l of tllu mot.or snrily involved unless the number of eoergiz· o:o 
IV ill, therefore, be tw!r.e !!tat Of the generator. iog-cirCl:its is \'Cry gr~Ut, nod that tbe iDlCr• 

55 Tbe s:11ne result >S edtltntly o\Jtaioe<I\Jy ancb ruptiou and reversal of a rurrcot of uny coo· 
.a <lisposilion :L~ th~t sllowu iu Fig. 11,, ..-hero sideral>lo stren;;tb IJy u>eanR or aoy koowa 
tbe poles of both elements ore shill.ed ia ~~~ mcch~nical devices is a m.•Ucr of the greatest 

,posite dirert.ions. dilllc:11ly aud e:rpeos~. us 
. · . A~ai 11, consitlcl'i n~ t heap paratus ill ustrnte•l I u this application I tlo not elnl w the met bod 

G?,.by Fi~;. U a.s typical of the iov~ntioo, i~ is oiJ.· or O)Jerating ruoto1-s which is berelu io~olved, 
·' ious that siucc the attractl\·e effect upon tho bn~iog inatle separate ni•Piication for such 
'Jisk D is grc~tcst wlleu the disk ie ·in 'its wctbo<.l. 
proper rcln~irc positiou to _tbc poles dtl'el· I thcrtfore claim the following: IJO 
oped 1n the riu;; 1~-that is to say, wbco its l. Toe tNcbioatioo, wir.t. a motor cootsio· 

65 end~ or pol~ io11wcrliatci)· follow thusc of tbc iug sepaute o1· iodepeodoot circulta oo tbo . 
rins:-lhe ~peed of tbe motor for nil tho load' armature or tield ·mogott,·Ot llotb,oCao alter· 
IVithiu 1h• uoroual. "orkiog !units of the mo· ontina·.curreot geoer.ltor cootelolai Induced ' 
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circuits roonecred iodepeodcolly to corre 
epood i o~ circa its to the mot.or, wbereby & ro 
taliO..!! O( tbe :enerator rrotlucu a progressive 
abUlia@: of tbe poles o tb~ motor. as herein 

s described. 
2. In a systto) for the clectrlc:~l transwis 

SIDO Of pow or, tbe COCllbinaiJOn Of A rDOtOr prO 
•ide<l with t .. o or more iodepeoden t rnognet· 
izing·coi is An<l an alternuLin;c curreut gentr· 

•o , tor conta•ul 01: iotluctd coils corresponding to 
lhr oootor coils, aod circuits connt'Ctlog di· 
reetly tbc motor ao4 l:t ll1!rator coils io each 
ordtr tbat tbe curreots dovclopcd by tbe geo· 
Prator will be p;tsstd· thrQugb tbe correspond· 

• S irig motor -coiLs, and thtrcby produce a pro · 
grnsivo shlfLiog of tbe pole:~ of the motor, as 
be rei o set fort b. . 
~. The combioatioo, witb a motor having 

ao aoouh\t or riog·shaped 6eld maguet Rnd a 
10 cyl iodrieal or equivaleot armature, and iode

vrndeot coils ou tbe field· roacoctor armature, 
or hotb, of an alteroating curreot jteoerat.or 
h3vi o~r com>3pondiogly todepcodeot coils. 
and cir~uits iocludiog tlle ~;cneratnr·eoila aod 

~ ~ c,prrupoodiog motor coil~ io a ncb waooerLbnt 

tbc rotatloo or tbe ceoerat.or causes a pro
gressive sbtnlng or Lbe poles of tbe IDOtOr In 
tbe mno11cr stt forth. 

4. In a. system for tbc eleclrlc:~l'trao&Olls· 
sioo of po><er, tbe combioatioo o( the lotto•· ~o 
ing !ustrumeuL31iLits, to wit: a motor com 
p~d of a disk or it.s equivalent rue>unted 
witbio a rlog or aooolar Cteld-ruagnct, wbleh 
Is pro\·lded •itb magoctiziog·coila connected 
io di~metrically·opposite poirs or groups to J~ 
lodepeodeot tenoionls, n generator buiu& Ia· 
duced colts or groups of colls cqunl In cumber 
to the palre or ~:rouP-' ormotor·eollt, nod clr· 
coiLS coooectiog the termloals of ~~aid eolls t.o 
the terminals of the moto", respcettv~ty, a111l 40 
io. aucb order tbat the rot11tioo of tb~ "eoer· 
ator aod tbe consequent production or alter ·. 
oatiog current.'! io the respectivocircolts pro
duc•s a rrogros.,lvc ebiniog or the polea of tbo 
motor, as hereinbefore described. 

NIKOLA. TESLA. 
\Vttoesses: 

FR411t[ E. !IIo&TLEY, 
FlU:<¥ B. ldUI!.PJl'Y. 
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A)'a-ll•· :tli<~b li le•l Nutt'l'lll1ofr )0, ltll7. ~rl•l No. '2)6,.)V,L lN~> tnOdtl<J,) . 

--·-
To allwh01n il mau cmtccrlt: ~rator. 'fhishcb~; the casc,the tield·corcsand 

ll~. i~ known that "!, NIIWI .. \ T£SL.I, '"""' the pQlc·pi~ces of the nmtor become a mAg· 
Sm•ljan J,ikn,lwnlct· couulrynr Austria· HUH· 1\!'~. bot by inclnc:iou only. 
~a ry,now rc.,i•liu:.; in l\ew \'oo·l;,iu thceounty I have found tllllt· admnt.agr.ou~ rt5ulls.arc 

; :111cl State ur New \'nrk,hi\ve invenlc<l r.r.rtaiu sr~ure•l hy windi"S: tlu\ Ocld·macuets wltb a 5S 
tww aud .w;dul I auprovcments in Elcclro-Ma:.:· coil or <:Oil:' and p~~~intt :' contiouou~ cu,·ren~ 
udi,: .\lot or~,r,r which the fo1lowin;:i$ nsprd · tht·vngh them, lhu'( maiufaioiog n }UJrnt:».o0ut 
li\::atiuu, rcft.H'I!OtC bdn;; h:uJ to the dra.winns Held, amlin rh :s ra:aturc m~·prcscnt,.iO\'Cntiou' 
:I(:Corn ll30y i H&.: ill H) {orud ng :l p:U't or t.hc :-;arnr.. COII~iSlS. , , , 

,,., tu "" :opplic:o~i•>u lilt•u h,v Ju•l Octohrr 1~.1 J fih~li unw •l<<;c:r>!Jc th~ apparalns ·which I 6o 
I S):-\7 , .No:z:;~.l:l':~, I have show•• anti dt•!)Crihctl h:tv(· devised ful' <~:trrJinJ: out. this inv~~olion 
:o unn:l for111 oi'elt·ct>'O·IIIBguctie motor and a ~, ... , rxpl:tin the 1110dc or n~iug or opcratlnc 
mod<~ flf ttperaaing t.hc s;w:c, whic.:h may be lhe s~mc. 
;.·( ~ucra!1y cJcscrilH!t,l :u follow&: '!'he moh,r is Figure 1 i~ nlll'JH.l \'icw in t·lenl.tion of n1y 

15 wouml wilh cuiJs formiu:;; indcJH:IIIl'!nt r11cr· irnpro\'Cll uwtot·. FiJ:.!! is a part horizontal 65 
::itiu:; ·c:ircuits no ~:ithc·,. t.ho ~ rmalu•·e nt· fltdcl cenLrnl srctiou, on<l Fie. 3 13 n cllncrammi\tie 
'"";: •a·t, or !Jot h, ( iL is su Oicirut fot· present pur· repr~sentation of t be motor nncl generator 
puxt• to CllnSitkr lh~ C~$0 iu. winch th~ c~ils cnmlJincd aud councclcd for opcr~tioo. 
art ou the: ut·utulurc ulonc,) unci th!':'e c·oils ut·r. J.H ,\A in Fig.l re.preseot t he legs or pole· 

J•> conucc:tctl up with cotTrspouclin:; circuits ou pictc.• of n Oeld·magnet, around whicll are jo 
'"' alttt•nating·current ~cnct·ator. As there· coils B D, included in the cireniL of a cont-in· 
"" it ol this, cul'renls ui' ultcrnatciy ·opposito ·UOUS·eurrcnt genc1·atvr, C, which i~ a.daple<l 
•lircclion ao·cscnHhrou;:h the cnergi7.ing·COils to lmpnrt magu<:ti&ul to the saiol pole!! in Jbt' 
t,( thr: motor in ~uch manner o~ to IH'tlducc n onliuat·y mauocr. 

~s )•l 'l)~~rrssh·u ~hiflin;; or •·otalion of t.hc m:-tg:· (ll>' nrC'. t.wo hulcp~uclcnt coils wouufl upon 7S 
netic l'olr~ of the nrmature. This movement a ~11itnhle cyiin<ll'i<,ll or cqui\'nleot armnturn· 
or Uoc volr.s of Lhe anuatnre obviously tenets core, which, like all othera used iu a similar 
to t·utat.n Lhe annature in the O!JI>OSitc t.lin:c· mauncr, t houhl he Rjllit ordividclllll• ioloal· 
lion to that in which U{cnnovcmcnL of Lhc poles tcruatc 111:tgnetic nnu iusulaliug part~ in th<: 

JO takes J11acr., owing to tho ·nltructivc force be· usual way. This nl·maturcismountc<l iu non· 3o 
Lw~c:n 'lnid poles nn<l Lhc fil'l•l· JUagnnls,ancllho JnaJ!nclic croxs·IJa•'S 1:: E, s~rurc<ll o Lht' pol.•s 
~pc~ll of l'Olation iacr.ea~c.s from the stnrt 1111· of t.he lithl·ma:;uet. ' rbc lermioats of the no·· 
Wit eqnals·,Lbat·of·tho :;cnerawr1 supposing mnl)II'C·C'J! !s l> D' nrc connected to in~ulntccl 
hl!th motor nnd go.ncrator to bo nl:kn, ulitliug conli\Cl·riu:;s «a b b,carrio·•\ hy. thc ar· 

.15 11.6 thn l•Oics of tbc ermalurc nrc Hhlftc•l in maturr. Mbafr, nud hrusllcs c c' hcnr upon Lhc$(' S) 
n c.U rccliou opposi L¢ to that in wh il'l' l·hC nrann.· ring-s (1.) cou \'C.Y t.o I he coi l!i t h c cu rl'l'lll~ "·h irh · 
turn ,·utatc.s,lt wiiiiJe nppnrcut thnt. when tho OJll'mtc the motor. 
1111rmnl. sp~cti i~ :Ut:ti.ueol tbn polo:s of tbe 'fho g~ucrat.or for operating tlua molor is or 
nrmalnrc will ~;;.~nmca lixcll positionrclijli\·n 111ny he of precisely ioiMLicnt cousln\Ctiou; 

1<' to thc· lichl·umgur.t, ami tha~ in r.l)loseqm:ur.c ami fot·com·cuienccof rdereucc I Ita>'•' Ulllt'kcol 90 
thn flcl t.l ·magucts will bo cucr~it.('tl by m:1g· iu Fig. a its parts, n.~ follows: F P, the: fidd· 
uctlc imluctiou, cxllibiling two distinct pOles, In:&;,: net~, cncq:izcd by n. coutinunn~ •:uncut 
one in each or tho J<OIC·picc.·s . In shirting passing In its ficld·roils.G G; llll', the coils 
Uno motor, how<wer, Lhe Ml>cru of I he ~"''"' c~rric•l ur the cylindrical orD>nture; tl •l c r, 

~5 lnr<o bcju~ compnriltivclr slow,th•• polco·picrt·S the fricLion ot· coltcctiug rings. carrir.lll•y tlic 9.\ 
nrc Mnhjcclcol lt> rapitl revers.~ Is t•f 111:\:;o~Lic ~rnmtnro·shafL :mil forming tlu' !r.rmiuals of 
pnl:~rity; !Jut. ns thn speed ltlcrea~~~ th•:se rc· the armnlnt-e·roil•; ond f f', tho coih:ct.ing. 
,·crsals IJcr.omc Irs.' nn•l lc,;s f•·cquent, <>nd l>ruslw• which c\clh·cr. the roinculs <lcn: inpc•t 
finally crnsewheulhe movcmcnL of the arm:~. in the nrmolnrc·c<Jits l•> the t11·o circuit.; 9 !/, 

~0 tun: become •ynch ronons with I hal of tl11' t;e'll· which COl\ II CCL I he> gcac:mtOI"i with the motor. I 00 
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•r;;~ opnrat.ion or lhl~ sy~tom will be under· 
stood from the foregoing. 'fbe action of the 
I'UMnlor.by clu~ing 3 progressive shlnfogor 
,-,,,, pol·~' in the mot<or-cronnturc,stts uplo the 
1\ll<-r 11 rotation oppu$ilc lu lllrcctloo L.P tbnt 

10 which tho poles move. If, now, lh8 continu
ous em rent ba directed, through tbo Ocld coils, 
'>o ~s to strougly cuergizo tho magnet A A, the 
speetl or tbo motM, v;bich depends upon that 
or the scocrator, wlll not be looreascd, but the 
power \<bleb produc:m iL' rotation wilt bo In· 
cretiScd in proportion to tho energy sopplicd 
ibrongh the wils B D. 

It is charnctcris~ic of Ibis rooter that Ita dl· 
rcction or rotntion is oat reversed by rel"ers
Jn:: tho dlroctlon or tho corroot through its 
licld-coll3, (o~ tho direction or rotlltion de· 
pcnds not upon tho polari ty or Lbo field, but 
upon t.he lliroctloo In ~rhicb tho poles or tho. 
nrtuMu•·o nt·o shifted. · 'l'o rcvcr.~o the motor, 
the oonricctlons or either of' tho circuli~ g g' 
mus~ be rcvcr.~e~. 

f h:m> foncd tbat ·H the field· IU3guCt of tho 
motor be strongly energized by its coils D n 
nut\ the circuits tbrougb t ho nrmaturA·toils 
c!Oiicd, :1-o;suming the ~;coeratcr to be ruoning 
n't. n ccrL.'\in speed, tbc mntnr 'O'ill not start; 
but if the field be but slighlly energized or io 
~cncral in such condition t·h~L tho mngoctic 
wnuence of.J.bc armature prepoudcrntcs in 
t!ctcrmlning its m:tguctic coudition tbe motor 
will Rtnrt "uti, w_ith sufficient current, wilt 
rencb 1\6 maximum or oornlnl speed. For tbis 
rc:Uon It is desirable to keep at tbo 6lort nod 
11util tho motor h:>s nttnioell its oormol speed, 
or oenrly to, the fiehl ·circuit opeo or to per
Dill but little curreot to pass Lhrou~tb it. I 
bavo found, however, if tbe fie!& or both the 
generator aud motor be ·strongly energized 
tb~t start ing tho ~;encrator alarta tho motor, 
aod that the apccd or tho ruotor Is locrcMcd 

In synchronism with the genorotor. )[oton 
constructed aod operated on this principle 
maintain almost absolutely the same sp~d !or 
nil loads wlthio their normal worldog-limlts: 4-S 
and In practice I have observed t.bnt if the 
molot· be ov.crlonded to such ·no c%tcot as to 
check ils speed the speed of tho gene rater, If 
itsmotlvc POIII'CI'IJO uot too :;rent, Is dim fu
ished synchronously '"ill\ thnt of tbo motor. ·so 

1 have in other appli~Lionssbown bnw tM 
coostrucllon of these or simllnr m·otors mny 
be vnl'ied In cc.-t.11D well-lmo..-n wnys-:ts, Cor 
!nstancc, by rotnting tbc field GhouL n station 
:uy :muature or rotii.Ling conductors witbin 55 
the field; but I do not i\lustrnte these frolurcs 
further herein, as with the illustr:\Lion which 
I hnvo given I regard tbc; rest n~ within the 
power or 11 pcr.~on. skiltell .iu the art to con 
et ruct. ~ 

The present foi'111 or motor is chcnp, tiimplc, 
relinble, and CliSY lo maintnin. h req~lrcs' 
tho simplest type of gene.r~1or for its opera
tion, aud whea properly constructed 11hows a 
hl~;h efficiency. · . 6s 

I do not claiut herein the method or traos
mittlog power which this system involv~ 
hn~lnc made it tho suluect or anot her oppli; 
ent1on Cor patent. · 
· WI•ntlciGim~~. 70 

'fhe comblo~Lion, with a ·~otor' hnvlng In· . 
dependent energizing or a•·maturl) clrcuil:l, or 
no alteruntlng-curreut generator wltb corl'tl· 
spondiug Induced clrc111LS ponbectcd .with tbc 
motor Cor eacctioc a progrcssh·o sblfilng or 7 5 
tho poles or the motcr -atmature and a aource 
or cootlouous curreot (or ener;lxtng·tbe 6eld. 
or said motor, as 11et forth. 

NIKOLA TESLA. 
Witnesset: 

Fn.&.NJ:: B. MUIU'BT1 
FnANU: E. B.l.llTLEY. 
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To 'all uilwm~ U ntav con.c~rn: 
.7) Do it known tbat J, NIAOLA. TESLA', n sub· 

jc~t of tho Emperor of Austria, from Smiljnn, 
J,tkn, bor<lcrcouutryof .t.ustria•Hung:~ry, now 

s rrsidio.~t nt New York,. in the county nod State 
of Nc..- York, have ln~entcd ccrl.:lin new aod 
useful Improvements In Electro-JI[agnellcllfo· 
tors, of which tbc follow log Is a spccificatloo, 
rcrcrenco being b:1d. to tbe dmwings occom· 

ro [>:tnyio~:aod formin~t n pnrtof the same. 
· In a former nppllcntioo, filed October 12, 

1887, No. 252,I32,'I bavo sbowo and dcsc~lbcd· 
n mocle or plan of operoUngclcctrio motors by 
c~usiog tljlrogrcsi!lvc sblniog of tbc poles of 

IS ·l>uc or bot t'of tho parts or elements of a mo· 
tor-tbnt Is to say, of either the fir.ltl mngnct 
or magnets or armaLn'rc, or both. I · nccom· 

) plish tbie by cor.structlog a motor with two or 
· more lndeJrCndco~ energizing-circuits, ou tile 
20 fiel<i-mn:;oets,forcxamplc, and I connect these 

n_p wit b . corresponding io~uccd or gcucrn~lug 
c1rcnlts 1n :to oltcrn:~lJog-currcnt gcocrntor,so 
tbut altern:ttlng currenta arc l;:lUScd to trnv
eru tbo moLor ·circuits. By ·so doiog tbo 

25 poles of tbe fleld·magoe~of tbc motor.nre pro· 
grcsslvcly.abincd, and by their attraction upon 
11 rol.:lry or mat uro act up 11 rotation in the lot
~r In tbo dl rqcUoli ot the mo~cmcut of tbe · 
polrs. Jo this mse, however, tho rotatipo Is 

30 ~roduccd an~. maintained by tho direct attrnc· . 
t1oo of tho nmgoctic elements or tbo motor. 1 
ba vediscorcred that uch·antngcous res nils may 
be·acx:ure<l in t.bissystem by utilizing tbc shirt· 
log oC tho poles primarily to setup currents in 

JS 11 closed conductor !~ted within tho !oOuence. 
of the tlcld of ~be motor, so that the rotM.ioa 
mny result from tho reaction of such 'currents 
upon tuc· field. 

To lllustrat~ more fully tbe nature of the In· 
40 vcoUoa I refer to tho accompaoyiog dniwio~:s. 

Figure 1 rcprcseota Ia aide elo\latloo. tbe 
oper.•li•o parte or clements· of 11 motor eco
bodyin(l t be principles of my in;onllon; oud 
in section tbogcucrat.or foropemtiog ttiesame. 

4 s Fig. ~Is. a borlzontnt ccntml sectl!)n o( tbo mo. 
tor In Fig.l,tbo clrculta being sbowo partly lo 
d iQGrall?. l'ig. 3 Is:. modificu form of motor 
In side clova~lon. }'ig. 4 is a. ceotral borizoo· 
L:ll crOSS·IICCtfoa of I."ig. 3: . 

so·. In ·Fig3-lund 2, A Is no nuoulnrcoreofeort 
, ' I roo, }lrofcrnb)y laminateu or formed of In· 

aulntedsccLions, so 33to besosccptiblc to rapid 
\'nrlatlons of ma~;netlsm. This core is wonnll 
wltb four COifS, C C (J (J, the diamctrically·Op· 
poslto coils being connected lu the samo cir· ss 
cui~, nod the t\rO free ends of encb pair bolog 
brought to tho terminals t and t', respectively, 
as showu. • Wltblo tbls annular tlcld·n•A&ne~ 
A Is mounted a son-iron cylio'der or disk, D, 
on oo osls, a, In bearings b b, properly aup· 6o 
ported by tbe frame-work or the machine. 
'l'bo dis'k cnrries two coils, E E', of insulated 
wiro, wouml at rjgbt aoglcsto oneaootuer,oud 
having their re$pcctive endsjoiued, so that 
cncb coil forms u separate closed circuit. Gs 

In lilusrrntioo of ~be action or mocle of op· 
erntlon or tbls nppol'litus,letit be assumed that 
tho annular ficld-rungoct A Is pormaacntly 
mn(loctized, so as to present two free poles din~ 
n•etrically opposite. H suitable mcchaoicol ;o 
provision be now made for rotnUog tbc field· 
mn~:net around the dislc,the apparatus e:rcm· 
plifles tho cooditloos of an ordiuury mngucto.' 
gencrntor,nnd currents would be 6Ct up lo tho 
c:Oils or closed conductors E E' on tbo disk D. 15' 
E,•idcotly these currents would be tbo mos~ 
powerful n~ or near the point6 oC tbe grcat~st 
dcosl~y or tho !foes of force. :.ud tbey would, 
o.s In all similar cases, tend, at leas~ thcorctl· 
cally, to cetllblieh magnetic poles In the disk 8o 
D nt rigbt aogles t.otboscio tbc nooulnr llcl<i· 
ron~:n ct A." As n result of tbc well·kllOI'I'U 
rcnctiou of tbcse polarities upon each other, 
a more or less powerful tcodcocy in ~be disk 
to rotate ln the Slime direction 1\S tLat or tbo 85 
Ocld-mngrict would be established. 11; on the 
otbcr haod, tbe rlog or annular Uchl·masnet 
A be bern stationary aod its magnetic poles 

·progrcsslv~ly eb·lll:ed by passing through Its 
colla C (J l'roperly-alternated currenta, It Is 90 
·ol.lrious tba~ similar results will follo\1', for 
tho p:ISSa&o of tho cttrreots ca~~ing tl10 shift· 
iog or whirling or tbo poles of tile ficiJI-rung
nc~ A. i11(\uecs currents in· thu ctosed circuit• 
of UJc armature cOiL, E E', witil tbe rc.;ul~ of 9S 
sot.tlo,; up n rotation of ~be disk DIn tbc MUle 
direction oC such sbil\iog . . Jn:~Smucb as tbe 
caucpts :uo always loduccd or gcoerntcd lu 
!be coiL! 1' E' in the s.1mo mlinn~r, the poles 
of the disk or cylinder follow cootinuously 100 
·tbo pules of tbc nonular tielil-magnct, n1aln· 
talulng, nt leas~ thcorc~ically, the sa nee rei a· ' 
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ti.-c positi!)os. Tbis results in nn even ~no.! 
perfect action of the IIJ>Jl:Lrntus. 

Iu ordl!r t.b:rt the sys1em M n whole ru~y uo 
hott er· lllltlcrstood, 1 •linll 110\1' rkscribc the 

.S 1ncrtlo o1· plan dcri~c<l lly IUO ft>r prodnci ng tho 
(: III'I'CIIh~ ljl:lt t.'lli:cL( he, p rt,~n•sslvc Shining O( 
tlr~ )JOles or till' rnotor. 

lu !'Is::. 1, U II' ~rc tho poles or t>oln pieces 
t'l( :tU :lit CI"Oatiug•CUfl<;llt. ~CIICI':lt.Or. 'f'hey 

10 :'lr~ p<'rmanrntly magoct ir.C'tl and of opt>OS-itc 
JtOia l'il y. J•' is a C}' I i ml rho:•:\ I or (ll hC" r :1 rm:tlu re 
•·oui:1iuing the iuo.lcpCJJtlcnt coilsC G". 'J'hc.se 
coils arc wc•rmo.l at right ~n::lc~, bO th nt while 
one Is erossiot: tile stroocoot po1·tion of the 

15 1lcltl of force the otbcr i~ at the 1r cutml point •. 
The Ct1ils G 0' tcrmi nnte In tir e two pail'S of 
I usu luted collecti ug·ri n:r» fnu•l j' ,upon which 
llr:ar tho l•rushcs11 !i'· F~ru· wires connect the 
JIIOlOl'· torm ina 1s t :.u t rl t' wi tl• lit c I •r nsh rs g n nc I 

>O !J', I'CllflCCti.-cly. When. til• • J::t•n<•r1<l<l r is ro· 
tat.cd, the coil U willattlle « rta inpoi nt shown 
in the tlr:Hriub'S he" gcn<.'rrHin;: it~ tn:u:imum 
eurr~nt, while coil(;' is nentr~t. l.<'t it be :l'i· 
snmctlllo~t t-his cnrn.'nl i.• ~M,·e~·cl.l frc.m the 

: ; rilo;;s / f rtO the terminal~// :ultlllorllu:;h the 
coils t) C. Its effect will be to •:staul bh poles 
in tho rin~ mic.lway httwr.~'n I he hro t..'Oil~. 
By thl! fnrt!JCI' rOiali OII Of til~ )lt:llt l"i\t.ol' the 
coil 0' is urou:;ht· within tlrt• intluo:n~c or LhP. 

J<> Jlcltl •no.! ucgiu~ tu Jli'Ollncc n eom·c nl, Which 
J::t'OII'S .stronger as the s:oitl coil r<ftJlrnndiC.S 
tho w:u;immn p()iul!i of the Jiehl, whih: thv 
currcut vrollu\!cd iu ll•c l'oil 0 •lilu!uislll"S :\.~ 
the s.,lll coil rcccJ>.'I froonth·>~o JH>illlS. 'l 't;e 

.15 current from the coi l 0', ln·ill): conv~yNI to 
the tct·1uin:ols I' ( :m<lthrun~h ("its(~ C::, has 
a t~nclen1~Y to establish pole~ a t 1 i;;ht angles 
to tho~e set uj1 by the coils (; C; lml. ow in;: 
to the great.cr elTccL or the current In t oils C 

, .) C th e result Is merely to :tlh·anr.c the poles 
(l Oili tho position lu whichlhl'.l' wouhl rcm:oin 
;r t111e to t.foc nongnelizinJ; influcriCC of rvils C 
C nlonc. This pr~grcS.'Iion eoutinu~ for 3 
IJU:Irlcr· rO\'Olntion until coil 0 0 ueconws 

·~ oen tr:ol anti coil G' G' JII'Otlnctll its maximum 
•:urrcnt. 'l'bc oclioll <.les<:rille<l is then re· 
JIC>tcll, the polell hnviu:; heeushiR.clllhrou:;h 
one-half of t.be field, or n balf-revolutlou. 'l'be 
sccono.l hnlf·ro~olotioo Is :tCCOiupli~bed in ~ 

~o simlln r wny, the saroo polarity IK:iog llt:ti••· 
tnined In tbC) si1Hl.ing poles by tho movement 
of tho geoerutor.- coils nlternMely tbrou~:U 
licltls of opposite polai'ILy. 

'!'ho eo me principle of opcrntlou way be ap · 
s; plico.l to motors of varioo~ foro1s, nnd I have 

shown ooo of such modified forms lo figs. 3 
null •I or tho drawinJ:S. In these figures, Y M' 
arc fielo.l· mn:;nets sccureil' to or·forming part 
of :1 frame, l•v, mounted ou a bMC, P. Tbcso 

6o Ul~sncts slloulll· bo. latulonfed·or composed of 
:• UUt:JOOr of electrienlly-lusolaLed mngocUe 
scctioo8, to prevent tile circulaUoo of lodu<!ed 
r.urrunlllMo.l to render tbetn capabto o! rapid 
ou:o~;notic ehnoge3.. These magnetic cores or 

65 v~k~ u•·u wouoll with i113ulntctl coils C C', tbe 
1.1 :a mctricn!ly·or~posito·'~oils beln r: coooej::t.co.l 

to:;ethcr in scl'ics nnil their free cn1ls brought 
to terminals I t', r~;pccth·ely. B~t.wecu the 
'poles thero is moo~~rteo, In b~11·ing~ In tbe cross· 
pieces 0", u cyliuddcal lrou core, D, which, 70 
in orllc1· to pre•·•·nt tile ror111:1lion of co.ldying 
current~, un<l tllo I= consequent thereon, Is 
~ubdlvldco.l in t.hc usual .,..ny. · lns~olntc•l con· 
ductors or eoils nrc applied lo tho cyllmkl' D 
loogitudinnlly, nucl for th~so I nmy Crnf>lov 7' 
copp er plntcs E E', wf1irb are sceu1·cd to tlie • 
side.• anti ~utls of tbc cyliodrit'nl core In "'dl· 
k uown wnys. 'fhese plates or conductors n'"y 
form one o r preferably several iodcpcutlcn~ 
circuitsnrouud the core. In thcdrawlni(S tn·o so 
orsucb ch·<·nlta are shown, formed respectively 
l•y !fro concluctors E nne! E', wblch nrc in~u· 
lnwl front each othrr. It. isndvnnt.1gcous olso 
tn ~lot thcso )lhttcs lon:;ltndiunl ly , to t>rc•·cnt 
thn formation of eddy currents nnrl wnstc of s~ 
energy. 

!'rom " 'hnl b:u non· been g:,·cn the oper .. 
tion of this npparnlus w'ill be rca•lily nndct·· 
stood. •ro the binding-posts' I ( nre connect ell 
the proper· circuits from t.begenenrtor to cause 90 
a pro;:rc!<Sh·o slliniu:;: of the ,resnltnotluog· 
netic poles protlnced by t bc mnt;ncls M upon 
the amraliii'C. 'rtins currents nrc illllucco.l io 
the closco.l ci rcn its on l he eo1·C, which, euergiz· 
ing thu core slron~:ly, maiutnin t• po,rcrfnt lit· 95 
trartioq llctw.,enlhe snmeano.l the flehl,whlch 
rnuscs a rotation of the armature In tbedi1·cc· 
lion in wh ich tho resultant poles .nrc shiftco.l. 

'J'Irc pal ticul:lr ndvaulngc of the construe· 
lion i! lu;;tratcd · io Figs. 3nlll1 4 is th ~t a con· 100 
cr.nti-:Jt<•<l anti vou-crful field. Is o\JIIIIot·l nod 
a rc1uarknbly pou-erful leodeucy to rotntlon 
iu the nrmnture secured. Tlio snme results 
mny be obtaiucll In tbc form lllustmtcd In 
F igs. 1 and 2, ho•·c •' er, l:!y for1nlog polnr pro· tos 
jcet.ions oo the field ~nd nrmatnro corctl. 

Wheu these motors aro not londe<l, bot run· 
ni n~: free, t·hC rotation of the !lrmnt~rels uearly 
synchronous with the rotation of tbo pol011 of 
the field, nntl under tliCSO cireiuoslauces ver1 t 10 
liLlie current Is Jlc.rccptiblo in the co lis J:: E; 
hut if a loatl Is no.l•lr<l the spcl<l tcnllR to <li· 
miuiAll and Lllo cur1-cut.s iu roils E H' arc ang· 
1ncntc<l, 110 that tho rotary <!Tort in Increased 
proportionately. 11 s 

Ob,•iou51y the principle of this invention i~ 
cnpablc of 1nauy 1nodlfioo ~ppHC:Ltion~,ouor.t of 
which follow na 11 motlcr of course f1-om thr 
constructions li<'Seribcd. For lnstjluec, the 
atmnturo-colle,or those io which tho enrreutiS uo 
arc sot up by ioducUon,mny be held stt\Lionary 
nnd the olteruntlng cnrrouts from the ~:cnora· 
tor eonduct.co.l tbrough tho rotating luilutlug 
or Oclll coils by meaM or ~uitnble tilhlfnJ; e~o· 
tacts. It Is nlso ~pparcut. that lho imlnc<!ll ''!r 
coils moy be ouovable ~n:l the 1uo:;no.tio )Jo,l'll\ 
of tho motor etatlon~ry; but ! bavo illustrnt.t:•i 
thet~o modldcotlons fully in t.he ~p)lllratlon t.. 
whlcb moreocc bas herein been ma<lc. 

In thll caso or motors wouool -..ith lndcp~no.l• 130 
ent field nod ormnturo circuit:~ nnd opero.tNl · 
by shll\lntr tlr~r poles, as dc.;cribeilln my~ahl 
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pl'ior npplic:ttion, I m~y lly sborL circuiLic:; either thegeuemtorsCir the tMiora, tbcsystem 
1 he nrrultu rc-coi Is npply LhQ prllSCOL invention is cnpnblo or a •·err pNfccL :~ctioo nnil i n\·olv rs 
ia order to obt~i n greater powor on 1\Lartiog. lint liLLie loss. 

,\n ndvnntn:;c imd ch:tractct·istic feature of I tlo not d:ti m herein tho tno<lo .or l•lau of 
5 OlatorsconotructcllaurlopcruLcdlnnccor<iauco protluei n~: cnrrcuts in closed eonrlncturs in n 40 

with lids invention is tlo cir cn1lnhllily or nl · mngncti c field which ishcrciudiseloxu•l,exo'"I'L 
most in,ta nt• ucous r evcrnal hy n r~>versnl of In Its npplleatlou to till:; pnrtlcolar puq•o~r· ; 
ouo of tho cner~tit iug currents from tho GOD· but 
erMor. This will be uuderstood from n cOD Wh:tL I clniro Is-

' ' siderntiouof thc\\·urking coru.IILions. Assuru .1. 'fbo corubinatit>n, with a motor c<~nt oin t5 
il:;: tht a rmature to lJc rotutiug In" ccr'-'>io dl· io4 iu<icpeudcuL indnoiug or cuergiLIIIC ctr 
rcct.ion following the hJOVeUien~oflho sbiiUog culls nud closed iudu~-.;.'<1 circuits, of an alter· 
poles, then reverse the dirrcliou of lbe ebift. oatlog·eurroot genera tor having ho<iu~t'tl or 
lu;,:. wh ich oo.ty lJc done by rc•·cn~lng tbo con· gcneraliug circuits corrupomlinc to and con · 

15 nections of one of ll.oc two eucrglzlng clrcnlts. oectcd with the eucrgizing·drcuil:lufthc mo S" 
If it IJc borne in miotl Lhal 'irl u dynnmo-!)Iec· Lor, ns set forth. 
t dc tnnchine the cncq;y dcvclvpcd i~ very 2. An electro· ooagnetic motor having tts 
ncal'ly 1•roport innate to Lhc cube or tbc spee~, fichl·mngnots wound with indcpcmlML coils 
it is edJant tlt~t ut such motucot nn extra- nn~itsurmnlut·cwithlrulci•emlontclosoJcoiiR, 

10 orui~ary pow co· is brought to piny In revcn~ing I in combinaliou with a sour~:c of aht•rroatit•.~ 55 
tho motot·. In :uhlition to tlri~ th•~ r~.llistancc currents conueclcd to Lhe licld· coil~ nurl C:tJl:t· 
of the rnotor is •·ct·y ~:n:.tlly reoluct•l nL th~ 1 blc of l'rogrt'l!sh·cly sltill.io:; t he 1•olcs of the 
IUOntcnl o( rC\'Cfl;;ll, iiO th:ol ~ 11111r:lr ~;realer ficld·UI:lgucl, :0.9 SCL forth. 
amount c.r currcut I'~S Lh rurot;h Uoc cne:gi~- ' 3. A ruotoo· rorost ruct ctl . with ~~~ Runn lar 

l) illt:"·Circ uits. field·IO~goCL Wllllll<l with lllllC)lCIIIkiiL COil~ (oo 

'l'bc phrnumcuon a llntlc<l to -·•·iz. , the \'aria· on<i n cyl i uti deal or d i•k arno:oluro wouurl w ilh 
t.ion of the n-sista ncc of the motor npparcutly clo5cu coils, in comuiuatiou >dUo n source oC 
like lhnL i•1 orrliuary motors-! uttl'ibutc to the nlternatinJt current:! cooni:eted with tho llelrl· 
\'arlntiou iu the a moun~ of ~clf·imlu cticu iu m:tgneL coil~ nml acting Lp p rogrc.s.sively ~hiR. 

30 lhc prlmnry or encrgiT.in~t circuits. or rotl\lc the poles of the ficltl, ns be rein set 
'fbrsc motor~ prcsr.ut. uum ct·ous ooh-:~ot.ngcs, fort.h. 

chl cfnmong which ar., tlocir ~impllel ty, n.:lia· NIKQI,i\ 'I'£SLI\. 
l>ilily, ~conunry in con~lruction nurl mniotc· 
uance,.nnd their C:tsy nml dnngcl'l~ m:lnag c· 

Witucl>'!r~: 

35 men~. 1\S no rornmutntor~ urc rc•tuircd C>u 
1-'ll A!<K II. MI'J:J•II\", 
l'UA!<K E. IIA!tTLEY. 
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"'rfllk.ll l lt'n ftlaol Aflri i'Q.Itllh. Sc:tia.l Mu. ztl,la' tN••n1o.1r.1.1 

To all whullt, it 11l-.a!J CJOitcCI'U: 
He it known Lhnt I, Nu>rll .. \ ' ft:>;l..l, n snb· 

ject of the Emp~ror of Ans lo-in. fo·om ~miljao, 
J,i kn, boo·clrr counlry of Au~tri:t · Hnogno·y, 

s now resid ing nt 'New Yoo·k, in t ho county nne! 
State or New Yot·k, have inl·entcrl cr•r: nin new 
niul u~fnl Improvements in Dynnono·Hiectl'ic 
Machine~. of whi"h the followiug Is 1\ spcciG· 
cntion, rcfcn•oce hcing hnll to 11.Je drawings 

10 nccoonpnnying nn<l fornoing n pnrt or the sam~. 
lnccrtnin p:lt.ontsgrantc<ltu Chnrl<!!l F. Peck. 

and mysclf-notnbly in Patents No. 3SI , !JG8 
uno No. 382,2$0, May 1, I~SS-I have shown 
nnd llcscribccl n plnn or cons lructing nnrl oper· 

1:) :\ling IIIOtOI~,t r:\USfOrll\eo'R, uur) the like, hy nJ· 
tcrnat illJ; currents eon\'~ycd through tl\'11 or 
rnot·c indevendcnt circni ls from n J!encrator· 
luwing such rel~Lion to 1 he mot o"' or tranR· 
funucrs n:-i 10 protlu~c I herein o. pro;:.-cssivc 

.u u101'em~ut of the nong11etic pol ~s or lines or 
torr.~. Jn lho s.~irl applicntio11s the ucS<'Ii)l · 
tiooo~ anol illustrnl ions of I he gcnerntorx w~1·e 
connnt~cl to tho."'c type-s of altt.rnatin~ current 
wachiuc in wldch tlac .•:ni'I'CIIt gt'll(:r:tLiug COi lS 

25 n rc illolc ptuolt•ul oo· scpar~Lo.' ; lmt I have fou11<1 
t hnt the Hr<l i o:ary tonus of COlli in uous cu rrcnt 
•l.v un uoos now i 11 usc '"" y I.Jc rrnrl i I y a n<l chen pI y 
adnpt<•ll to "'Y systc111, 01' 111 ilizc•ll.lolh ns r:on· 
tinl)ons nncl :ll lcrnnting cm·rcut ~t:•ucrntors 

30 wil Jj hut ~li;:ht 1'11ang~s i11 ti.Jtio· coustructiou. 
'floc morl.c c-r eiTccti ug this fnrou~ tho sn hstanc" 
or "'Y present appl ication. 

Or. ncrally stated, the piau pursou·ll by 01C ill 
cnn') iug out thi~ lu\'cnliou i• as followx: On 

~5 the shaft or a givru .:cucmtor, cithco· in place 
nf or in :H..Itl i lion to ti.Jc rcgul:\r conuuutat.or, 
1 SCCIII't' ~~~ 111:\IIY p:lil'!\ Of insulated <:CJII~cl .ing· 
r i u~s :H\ tllt••·o n •·c ci rcu il s to be formed. Now, 
it wi ll l>cuuclcrstoorl lhnt iu the orcrntiou of 

Au auy dyn:tuw cleclricgener·atoa· tbucurrcnts iu 
I he coils in their moi'Cmcut through tbo field 
of force nu<lcrgo uiiTcrcnt rhnscs-thnt i• to 
•ay, at diiTcrcut positious of tho coli$ tho c ur· 
rents hnvo certain <lirections nod ce1·tniu 

45 Mrcuglhs-and ti.Jatin noy imp~OI'CU mot.orsor 
trau~formers it is necessnry lhnL the curr~nts 
io tbe euergi~iog·roiis sbouhl u odcrgo n ccr. 
tal c order or \'nriations lo strcngti.J nnddircc· 
t!oo. }Jeucc, Lhc further step-viz, the coo· 

50 nection between the Induced or gcner)lting 
coils of the •nachio~nnd t.loc conlo1CL· rings from 

wlu ch lhn Clll' renl9 nrc to bo takcu otT-will 
be rlcter mincrl ~ol ely hy )r hat or<ler or vnrin· 
thm< or Ato·cn:Jih nnrl direction in the cnrrcniH 
ia rlcsirctl for Jll'nrlncin:; a gi ven res.: It in the 55 
clectri<•nl t o·nnsl at i ng rlcvlr.l\. 'J'hi• m:\y oo ac· 
COO\Jllislocrl in val'ion~ wny>.; hn.t in thetl r:\1\' · 
incs l ha,·c i(ivcn t y pical instances only ofLhe 
hejt and most pra~t icnhlo ways or npplyi ng trhe 
inycnlion to lhrcc of lhl\ best·known I)'(ICSOf ~C 
macloinr;~, in order to illnAtrnto tho prinoiplo 
anti toennhlc nny one skilled ill the art to Otl· 
ply the iu\'c11lion in any other cnsc 0 1· mulcr 
nny morlificd r.onrlitlons which tho circn111 · 
stanc<S or pao·Licnlar cnscs may requi re. 65 
· Fi:;n r() l i~ u rliagrn!n !llusll~t·il'c of th<' 
motle of applyi ng the !nvcntiou to tho well· 
known type of t'IOSed O.• eon tinnous cirCuit 
mathiul'l<. Fig. ~ i~ :\ bimilnr ding..a.m COli· 
tnining 1111 nt·umture 1\'ilh scpnt'llle coils con · 7c 
n<>ctcl\ <l inonetrit".llly, or. wbat is gcncr:~lly 
call eo nn "opon ·drcui~" mnci.Jiuc. l•'iJ.{. 3 i~ 
n dincrn1n show in~: tile 'upplicnlion of thl\ in · 
vcmthw to :\ machine :the aranalurc·coi l~ ot 
wloieh IHLI'C a cnnuuon joint. 75 
. ltc•f•·•·ring to Fig. 1, letA n 'p o·cscul on., of 111y 
i111provcd 1uOI OI'S 01" trt-nsrurmc~1 whit:h, fur 
con vcnh~rlc€l, I shall dc.~ign:\lc a ''c:uu,·crl•·•-. ~ ' 
whic·h consist~ of an alumlar'bot·c,. B, \\'OU111l 
with rom· lndc penrlen~ coils, u non! D. li1U.' C $ '1 
tli :uuelri~lly opposit.o' ltciu:. t·ouuc.,tc•l I<>· 
~ether so ns t o co operate t rr pnirft in cslah
iisi.Jing free pole:! iu tlte riug, Ute t.<'wlcu~y .. r 
cnch )>a it· bciug to fi x ,t.hc poJc.q 1\1. nin~ty ,).,.· 
grt!CS from tho o1hcr. ' 'J'hcre may l.Jc ola nt·um· 85 
tnrc, E, within tlu~ l'ing. which is wounU wi1l1 
<~oils ciMc<l upon thcmsclvt•s . •rJu~ olti.,<·l i• 
to p:L'-q tlu·on~lo coils G 0 currenla of xnclo 
relati ve xt.o·t· n~1h nnd ili rc<·tiou as to produeo: 
:\ prns.:rl'2'.." i \'l~ :\hil'li.ng m· 11W\'l'I11Cill ol' tlu: '}0 
poi Ill<! Of 111:\X j III li In magnetic etfcct <li'OUIII I t he 
ring, :ID<I to tbC!·chy mninlnin n rC>t:u·y uwvt" 
ment of the nrmature. I there fore scr:nrc 10 
the Slt3ft F of t-ho gtuernlot· four iusulutetl 
contnct·rin,;s, n ~ c tl, upon 1\'hkh I cause to 95 
br.nr the collectl ng· hrushcs tc' b' r ' ,z•, ~'01uwctr<l 
by wlrr'S C1 0 H n,: respt<:lil'c' l.v. with tlon 
tcrmiuals or coils C a nd U. 

·ASSum•, for sake of ilh19trntio:>, thnt Lh c 
coils J) J) nrc to rccc i 1·e . tbc mnx I muon a ntl "1"" 
coils C C nt rhc same ioostnnt tloc miuinouru' 
current . su t Lat I he poln '· line :.::oy lie 1ui<l""Y 



bdlo·ctn I he roils 1• n, the rin~s a b would 
lhrrcfore be ronucctct.l tn tho coatinuaus 11r · 
rn nture· eoil at its ueuto-:>1 points wilh respert 
10 rhe lielt.l or I he poiut ~:orresponding witb 

s I hut or tbe -onlioary corntonlntor· bru~hcs, and 
bctiVCCU whicu l:liSI9 lhC grcnl~St uilfNO.UCC 
or potential, while rings c rl would ll• ron· 
uecLec.l to two poit•l!-t iu the toll, hcLwct\u which 
··•iKIS 110 difT.,rcncc or polenti:tl. Th• bc.t re 

oo ~nils " ill be oblnincd by runk ing llrcsc con · 
fi<'Ctinn.'l. at l'Oinl!< f'qnh.listnut. f•-om ouc an· 
ttl""~"· us :si.Juwu. 'flwsc COIIII\'tl iuu.i an~ e~i · 
•·:tl m:nlt! by using 1'1' ir(':ol I. behn·cn I he riogs 
a-.tllllu luopsor wiresJ, countctiu;: lhc coil I 

' 5 '"lire frgmcul9 or the COIIIIIIIIlator ((. When 
L.lu· ( uu \'t l'l f!l s are OlllUo in litis m:mucr. it i ~ 
<:VItltnt that lho l>l"r~c.i O( tir e Cnrrr•nl.i in lhC 
M'c: ions or rho generator- coil "Ill Lc t•o•pro 
olutetl in the COIIVPJ'lC'r CoilS. l'ur Cl:IIIIJIIC, 

10 a(t rr turning lhrongh nu nrc or uindy tlo•grrr• 
1loc t·outluctors L L, wLidJ locrore con\'eyctl 
l llu m:t,;iUIUIII currcoh will rel'civc I lao mini· 
'"""' cnrrC'ut by reasou of the chaugc in the 
po$ilion of tl.Jeir coBs. :uul h. i:i cvhh•ut I hat 

•s for the Iaure reason the curren t in saHJ cuils 
lr:l' gra\looJiy raJICD fi'OIO l.hc Ol ~Xim uru 10 lbt: 
ruiniJUIIUl in )l3SSing lhr011gh the arC or ninety 
tlc;~rces. In Lhis special Jlluu or conuccllons 
I he fiJfnl ion~T the IOIIJ:IICtlC )I ole~ of U1e COO· 

30 o·r·rlo•r will bo synchronous with lhaL of tho 
anu:IIIII'C coil• or I he gcncr:rtor1 nntl the rcsitlt 
will he the s:lme, wl.Jcther Lhc cuer"izlng clr· 
t•uit s nf'O dcrivnUooa froru u. CO•ltlnnous :UI'Wl· 
rurc coi l or 'from inclrprntlcnt coils, as In my 

3S 1""-Vious devices. 
J hnve obown in F ig. I, lu rlottetl lines, Ibn 

"' IIShrs M M io their proper nor Dill I vo•ition. 
In 1•racticc t hese brushes '""Y bu rcmo•·ecl 
r.·o111 tho commulalor and the licltl or lite ccn 

,o 4'1 :tlor excited lly an oxtero:tl am1rc~ or cur 
"'"I; or· the brushes rnny be nllo•·cd to renoain 
~~~~I h<! COmmuCntornud to talcO OIT a CUUVt'rtCU 

t:urrcuL to excite tho Ocltl, or tu lw u ser! fur 
.,thcr purposes. 

4S In ~ eert~in nell· koown clus., of m:oclrinr~ 
tloe nrmntnrc coutaius a uurubcr or c.>i ls LLc 
tcruJinals or which COllllfCt 10 COIOIIltllntor· 
ft~gmtnlll,lhc coils bcln~; cunnected a crus:s tho 
:umoturc in p~irs. 1 Th rs type or urn~L ine is 

s<> revresenltll in Fig. 2. In this macbiue c:~eb 
p.~lror coils ~:ocs t!Jrou~:h the •arne phnses as 
tho coila in eorne or tht! geucratOI's I lrn"c 
"lll)wn, unci it is ob•·ionsly only occC'6:1ary to 
nllii7.0 them Ia pnlrs ur set.:lto opcrOil' ouc or 

~s my conn·r·rers l>y cxlcnllirlg rho segments or 
lho COIIlllllllalorS belonging lO carlo IJ:Oit• of 
coll3 null cnusingn collcclinu brush to bear on 
the continuous por·tiou of each segment. In 
thia w,nv t.,..o or lllorc circuils may bo Luken 

6o off froni tho seoerAtor, each iucluding one or 
moro p:1irs or seta of ~'Oils, ns may bo desired. 

In Fig. 2 I I rspresent the nrnratore-coils, 
T '1' tbc poles or the 6eld·nrognet., and F Lbe 
aball. c~rrylng tbc commu t.:•tors. wh ich u.rc ex· 
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l~ndc•l to roru1 coo tiuuous porll\lol a b c d. 6l 
Tbo brushes lrearirog on the conliauons por· 
Lioos ror takiog olf tb~ nlteruoUog· curreut.s 
Me represen tell by a' b' c' rl. 'fbe collectiuu · 
brashes, or Lho•o which mny be u~cd to t ak~ 
orr tbe tlircct cnrrot>t, arcdc•lgoAtcd by MM. 10 
Two pairs of tbe oruruturc ·coils and L'ouir 
commutator-s nrc shown in the flguro "' heing 
utilizell; but allrnay bo tllili7.Crl in n similar 
man nor. 

Thrre is uuothcr well koo•rn type or "" ' 7!1 
d•inc iu whirh t hrr~" o:- 11111rr coils. A ' J-f C'. 
on the nr~naturc ha\·c a curnuton joiu t, tl:o· 
free entia Lei ng l'lliiiiCCl•:<lto tbe Sl'j;lllrnl~ nr t\ 
COIIIIIIUiatur. 'J'hiS fvrro Of C'CilCrntor i~ illtaS• 
trntctl in t>l~: . :J. In this c;<So rnch tNmin:tl ~"' 
or lhc gcucraiOI' is COOII~Cl*'<l dh·ccLiy Or lu 
dc.•ri"atiou t.o ll contiuuous •·in;.:, ~tb c, 1t111l t:ol· 
leer int: IJru•hcsa' b' c', bcarin:; tbr.rcou,Lnko ofT 
the nltt•rn:lling currcuts that operate the mo· 
tor. IL is prcreral>lc in tlri~ case to erui'loy a 8< 
1110lor or transfurruer with llu·eo eucrgi7.iug · • 
coil~, A" If' <:', plnccd synunctric.~lly wltb 
tb~e or the J:CUeralor, anti tbu circuits rr·nm 
tbe Inne r nrc conuecte<lto tho tcrur in~ls o r 
such coilll cilhcr diretctly- ns when they ~re <JU 
Mt..ntiunary- c.u· lJy 1ucans of hrushcsc· nnll tOll· 
tacL· riu~~ r. Ju thi~. n.s-iulheothcr c:~.!lt!S, UHt 
ord inary c.>rnnlllt:uor mny he used ou tLc r;cn· 
erato•·· :uulliH\ currcut. takcu f1·om it. ntiliM•cl 
ror cscllinu thl\ gcncmtor ficlrl: ouacuc~• or tor· QS 
other purvoa•"· . 

Tbrso cum pies sen·c to iliuM rate the pnu· 
c iplo or the iuvention. It wilt·bo observed 
tlrnt iu :ury case it is ncressary only to rullltbo 
coollnuon3 cout:tct or ~ollecting r ings a od to roo 
cstnbli*h the coouectiortS hetwecu them and 
the apJirnprin te coils. 

!L ••111 Lo uudcrstoo\1 tbaL this iol\'cntiou Ia 
applicahle to other ty(les of ouad•inc-a.., fot· 
r:xaurpl~, th o~c hy which the iuol ncctl coils lli'C 105 
••atlouary our I the ,brushc• :mol . nrngnct rc · 
YUIV6j but the ' 1118UIIC·r or it.~ 8jll)liC:ItiOII i• 
obvious to oue skilled in tho nrt. • 

Having now uescrih<:<l ruy invenllon.whut I 
clulm lo - • ro 
'' 1. Tho cou1l>lantlou; with "con,·erteo· ""''. 
iug lude)ltnllent energir.iug-coils, or a coolin a 
OILS or direct current dynamo or DJ3gonto ""' 
cLine, nntl inlcrme<ll:ue circuits perurnncolly 
couuectcd nt suilnble points to tho ioductd or ,,5 
geucr:ll i u:: coil$ or l hc. gcocrntor. :\S be rei 0 set 
fo1·th. 
·f 2. 'J'ho combiuatiou, ,,. ~ .ls n COIIYOrLCI' pro · 
VitiCtl with illtlCpcudcntenergizing•Cli'CIIits, Of 
n co••tiu•eous nr dirccr current geuoratoa· pro· , zo 
virlcrl with conlinuous collccllng · ring• con · 
nectctl iu derivation to Lbo armatur'c·coil~ 10 
form the t.erruinals of circuits COI'rMJHHu.liug 
to titOSC or the COU\'<rlor, na bcroln Set (~rth. 

NIJ(Qf,A T F..S I.A 
W itoea,cs: 

HouT. F. GA.YLono, 
FltANK D. MliUI'UY. 
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.A I'lll liulloa eactJ .1pMI21. IM. Sc-ri:\1 ~u. ,-,I,Gtl. 1~w•h·,· .,1 I 

TCJ all whCJm. it may ronctr/1. 
l.le it kuow~ that l;.NtKor . .a. 'l't:>;t.A, a sub

j~ct vf tu" Erupcror of .\ustl'ia, froru S!lliljnn, 
LikB, Lonl~r·cotoutryu f AU.'itria-Uungnry,uc.ll' 

5 reshli i1~ iu Ne w Yc,rl, , iu the connly aud Statt 
or New Yor~, have iuvcui.<:U C(:rlniu new nurl 
useful ln•prorcmcllts i11 Regulutor~ fur Altcr
oatiug-<.:unvot)lotur·s, of which the following 
;, a sp~citi<'aLion, rcfcre111:c i)(,ing h,ld to tbe 

.0 Urawings :\CCOIOf')anviu:: !\ IH.I furDiing purt of 
the sauo,. 

N y iu,.\!,,tiou is an imprO\' t iiH.:nt. in syM~.!tus 
fot tbe ClCCtl'iC trall~llliS., iun Of fiOWI~ r; au<) it 
con~lst• in a noeun~ of r~~ul11ting tho speed :111<1 

15 P'1W<.:1· <,f tile •uol~Jr or Jllulors. 'fhc system fl•r 
US(' wil.h whiciJ lhc iun.:utiou i~ more pa rtiCll · 

· brly <!~signed i• """ in .wbich th~ ulutor:s, nr 
whut u1ay lw. l11 ct-•·t:1in f' .. a/'0.\'8 their Ct}Uiv:c~· 
leuls-t.hc ck-ccri<·•l ~ranslot·u•t•s-loa \'C two ur• 

: CJ more iHt.h:lJCinlt:ut. Cht~rg i z.iug- circui ts, which, 
rt·c~lviug (.•urrcut f•·om cuncspnnUir.gso• • rc~~. 
:\c:t·elO 1-)•.:C· liJ) ::t. lii'O;_;rCS.SiVC UIO\'CWCUt. or shift. 
:t~g uf the IUOI~IlCtiC p<Jlt:S or lLC IUUlOr-s; hut 
tLc iO\'~ution lX ;~l$0 npl>licai.Jic to otlll!f pnr: 

1 s !>OS~::!, ns well hereinafter "I'll""''· I employ 
t il e rc~:u:atot· for the purpo~c or. varying th~ 
spl-(0<1 ul thesu woturs. 

The r•:gnl!ltor fltOpCr consists or a fnrlll nf 
t:OII\'Crtcr or tnn::;fonncr witb ouc .clcou:ut ca· 

•o pablc of. movement with rcspc<·L ro lhc ot-ber, 
" w!.rerei.Jy Lloc inclucth•e rclalioos may be altered, 

<!itber mauuully .or autuu.atically,lor t!.re pur· 
pose uf ,·ur·yiug t!.re stt-cnct!.r of the iQcluecu 
currcut. lJ>refe•· to construct t!.ris clcvicc i11 

35 sucu waun~t· th:1t the inclucerl o•· scconrln•·y 
clcrucut tuay Lc UJO\'aulc wilb rt:Sp cct to th~ 
ot!.rer; a all t he iwvroveou:nt, so fat· ·tU' rclau::s 
lntl'Ciy to thcC:(IUStructiou or tho UC\' iCe iL>clf, 
cuosis:s, ('S~~ntially, in the combination, with 

-40 LWO OJIJ,JOSil6 JJ.Ia~ucLiC JhJil'S1 O( :\u :\CU.:ltU n ! 
wouo<l with ao· iusulatell coil auu rnouutcd oo 
a s!.ralt, wbtreby it m:1y ue ' turucd to' the de
sired e.xt~nt witlliu thu liclc.l proclucccl by th•: 
poles.' Tbt normal JlOSitiou ol L!.rc·cN"c of tbG 

45 •eeoutlary clewr:n~ is tuat in which it most 
comJlletcly ciOl>cstbc mu;:nctic circuit i)(,twceu 
tho pales of the primary element, nud in this 
positiou its coil IS iu it. most effective position 
lilr U.e ioductive actiou upou i.t of ~he prima•y 

so coils; hnt by tnruiog the movaulo core to 
either side til~ lndur~ car rents dclh·cred by 

il!l coil become wc:ak~r. uulil, IJy a &uu\·c•ucut 
of til& said r.o•-o nut! cuil." lhrou:;h uiu~ty cl~· 
~rc('S, tllcrc will lH! no curr·,mt t.ldivc•·t;d. 

•rt:e construction of this clcvice, bro~dly, I 5S 
do not c!uiu1 n' of ruy invcntir!ni Lnt Cu i~, tO· 
get!.rer • ith tile maoucr of "PP'l iug nrn.l u•in:; 
t-h.: sam~. wbicb fuc·rhs t!Jc snhjrct uf Ill}' iu· 
veoLion, l will now e' i'lain Ly .refcreuec tc. 
tire acconopauyi ng <lra wlll;:~. 6o 

Fi::nre l is a view in Sid" c:lc val ion of the 
rcnulid•\r. Pi~. 2 i:-c ;l Urolccu section on lioc 
:r; r of P i:;. 1. F ig. J is a uio:;mm i lln~tratiug 
th~ prt.~fcn~ .. u rnunru:r (Jf at,plyiug t!:c u·~n · 
Ialor to ordinary f\ilrrus of IIIOl'>t!i, uud lo'ig. -l 65 
i:; a ~.ituilar llia~r:\m illustt:lLin;.: the applicn· 
lion uf ti.Ju tlC\'iCl.: ro :n\' imoron·d alt•:ruatwz· 
en r 1'\.'ll t. m utor~. 

'l' llc rl'guhltor rndy a.~ C•HIS' mcl•:ct iu u:auy 
n•••ys l•> ~cur·c thO <\(!!;ired t·t·Sull i :.,ut iu'tl1c 70 
I.JCSt. rorm of"whicb 1 :1111 110\\' it j~ ~hOW II 
i u Figs. 1 r:.utl 2. 

A r•:prt."S,:uts a lt'lHnc of irou, a u•l I n·ouh.l 
here s ta!l"! thnt t lac plan whlcla 1:-s uow in\':\rl · 
aLly fullowccl of clid<lin:; Ull nll iro11 core> 75 
.. ·hich ar~> subj, ch:cl to tl>e inllueuc~ of alwr
ualin;; currents shoultlbe adopted iuthe con 
otructiou of this <levir.c· 

.1! Jl nrc tloc core.~ c:.f tlh! i11cluctu;: .or pri· 
taary \·Oils c·c, S:\i\1 r.orts b·~iu~ iii(C~ral with 80 
or bolll'•l to th e f"unc A in aQy wcll-knO'.S\J 
way. 

u is n !tllalt ruquu tct! 10 tlle shJo lJ:u"S, u·. 
a nti on which is s~curec.l a. s.cct.ional irou con·, 
F., "'ouncl with :111 iuducctl o~ secootlary coil, 8,\ 
1:', the convolutions or <Yhich a ro' par-..llcl with 
the ax is of tile shaft. The ~u1la of the corr 

-nre rou11decl olf, ~o liB to lit closely iu the spaco · 
beLwl'.enlhc t-wo po[os nucl perulit the cure 10: 
to be t urned. A: handle, 1;, secure<! to t he .90 
proj~ctio:; en<l of the shaft 1>, is provide<! for 
tuis purposo}. 

A ny JUCQIIS way be enlpluyttcl fur a.u:untnlrc· 
ing the cure noel secouohu·y coi l in nuy .:ircn 
l'ositic'~ou to w!.ric!.r i t ' is tum~u·hy th~ hnudle. · C)~ 

The operation orcfThct oft he devico,vill be · 
.uurlet'Stoo<l Ly rclc rence co·t.1rc •lia;:mms ill us; 
trntiog the otnnrll' r of its npplir-.ltiou. 

Io Fig. S, lct H rcl>rc.seut ;\U oruiB:>TY niter- · 
ontiDf;·CUI'rCUt ccncrntor, the fic111 :1U!lg'llCIS Of 101 
wh icb are excited by asultnlrle suurro of cur 
r11ot, L •Lflt J dosigunte au ordinary foru1 or 
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olttLro . ma~ncti~ 111otOr provided w1th au ) lion n correspun<ling impulse In tLc opposite 
:>rrMturc, K, c"{)llllllliL'ltOr r •. aud iirl<l·m:\g· tlircctiou; !Jer)(;C portions or t!Je current :.r ill 
uc1• Jl. It 1s well kuown that ~nr-lr n rnlltor, ncutr•ll1.c one a1wtbcr. 
If 11~ lio.hl·rna~ucts• eor~~ be <livrded up iotu As bcfo1·e stut~tl, t!Jc 1uecllanicnl coostr oc-

S in.,ulatcd srl'tlous, may be rwn~tically oper· Lion of the <lev leo m•y be gr~:ntly vnrle<l; bnt 7n 
atecllJy :iu ulteruatin0 cnn·c·11t; hut in uaing the csscntinl conditions <Jf thP. inveulluu will 
•any ac;:ulator "ith sudr n IMtcr llncludeoue be fulfil leu iu llllS npparntus 111 wlJich th~ 
d~lll\:111· vf thr IHT•lvr 011l)'·-~3Y the armature· UIO\'elnCOt Of the cieiOtnl.~ witu l'eSjltCt to 000 
C\)11 ... -lu l!.a: ht.llll drc11it ur tlu.: generator, nnolhl!r tlft.."ClS lh¢sameresults by vat·yiogtM 

1u llt~\k 1 ug1hP coOn.;ct inn.~ Lh rt.m;;h (he brnshcs int.lucti\'C rtl:Uion.s t'f t.hc t\\f.l ..:! -:m~nts in n i. 
:'\ n..llh\.· \.'QwtnuLator w ti.Je nsnal way. 1 ni'SO m:um.,r "iruihu to that. 0•-stritv.ct . 
auohnlc one or thr: clcoMul~ or th<: rrcuiMor- , Jt ouny nl"" bo. st::tcll tbnt the coro E is u"' 
~ny the 5tatiouary coils-in tuc same r.ircui1, i&lli~renontJic to tll~ opcr:1tion Ill' tho regurn
:unl itlllrc ci ocui~ witb thcsco·ou<l:lry or muv- t<~r; !mt it~ VC1'$CUCe os vbviou~ly l><!ncllcial: 

•s nlllc coil or th~ regulator I ~OIIU<.-..:t up th~ 'fhi~ ... ~p:ulator, howe, rr, has nn~thtl' \'GioniJio 8n 
1iclc.l·coi ls of llle tUotor. I prefer~~ us<~ llcxi- protlCrt-r in ill> cap;J\>ility or rcversiu~ tbe mo-
llie cvauluctoo·s to runke tuc countction~ from to~, for tf tile coil k' be turucd tbrou3b a bnlt
thc ~cr·oudary coil of the r~sul~tor, u.s I there- revolution the jlOSiti<>n of iL' coovohlliouo · 
hy avoid the asc or ldilling couroct-'1 or riuS'; n•!ativc:ly to tbe two coil~ C C ao<l lbe linOtl 

lO without iutcrfcrin:; with Uoe o•C<fuioilo ruovc- of fore~ is o·o~erse<l, noel eooseclucntly tho s~ 
OII('Ot or the core E. pbascs of tllo curreot will lJe rc,·eo"'cd. Tb io 

If the regulator be in ols nur ru21 posotiuu,or will produce a rotation ol lb~ ruotor in no op
thut 111 \Yiliclc its magtwtic circuit is most posito direction. This forru of regulator b 
ot-:~dy ciOS•!d, it clcli vet-s it~ mnxi mn m i uduced at'io npplle<l wit lo grtat ad .-aotage ta ruy ~re· 

•s cnrrcut, the plon1cs or whi~h ~o l'orr•spood t~nr uf uliliziug niteruMingcurrents, lnll'hlcb o;;o 
"lth tlou~c or the proon:1ry currcn: thnt th~ the waguctic pQies of tbo ticld of n moto•· are 
wowrwiliruu n..< 1ho•.1gh hotb field ao<l :u·ma- J•rogre:s:si\·cly ~bit~<l by rucaos or the com
tore 'rcrc excited by tlo~ orniu r.urreut. lJiu~d clfects upon the tleld of ru~gne~izlue· 

To voo·y the ~peed()( the onutur to auy rate r:~ils iucluclcd io iu~epeudentcireull.ll,througb 
l" uctwe:u the 111iniumnr '""I mn~lmuna r·atell. which pnss ultcrnntiog current~ iu prope1· cr- 95 

the core E nncl coil~ F arc: turuc<l in ~ilMr eli- der :ond tcluUoos tu tncb ot!Jcr. 
rcttlon to till' cx:c11t whicb · prO<Inrcs tbu de- lu illu~lratloo, !ct P rcp;·t>.Aeut one lll 1;1y 
s lrc<l rc~ult. for in1ts u••rm!\l!IO~tion tlJGron - generators btl.l·ing t " ·o indc)reo<leut coil!l, P' 
,·clu:iu:rs 11f coil 11 cnohrncc tho m:ua<:Jnuo nu<l 1'", on tbr. arro:1ture, nod To dingr,\ru of 

35 uumho:r or l:no;-,; of fore•-:-, nil or" hicb uc~ "·ith a motor hnvi n~; two iotlepcodeut eoergbiO;!· rc 
the S.'\hto ctTcc:t npoo s.'\ill ec-.!1 ; he~>ce it will coils or sets of coils, R Ir. OuG of the ,cir
cJ r.lh•ca· its oua~imurn curr~nt; l.l\1~ h_v t u:uin£ cuits from the gener:ltor, M S' S', locludesooe 
the cool F out of its i•OSI!iOil of waxiruum c1 - set.. n· It',~( the eoergi•:ng-coila of the motor , 
feet 1 ht uumlJ~r or !illrs of roo·<'¢ co"umcr•l l•y whilo the other circuar, 113 S ~ includes tbe 

40 it isdirniu ishc:•l. The iudrwtiv e r.fi'cct i~ tl•ere · ('rin•ur·y coiL~ ct tb~ regulat.or. Tho cccond- ,, 
lore lrupnired, and the currt'ut •kliv~rcrl by ary coil of tue rr.gnlator inclollu tlle other 
coil 1-' will rontiu 11r: 10 rlinuui~lr lu Jli'CJIUl'lo.Ju coils, H R, of tbe motor. 
10 tl"· "";;lc at n hich tlcr: coil 1' ;s tura!ccluoi- Wbile the ~tcootlary toal or t!Je rcr,nl3tor il 
1 il. nftrr pnssiu:;: thr,...r:;h nu :u a;:lc n( uiucty in iL.~ oormnl vositiou it produces its u•u:-

45 d(•t: r('(:~s. 1 he c:onvulntioul) of the ro1l u·ill be a t JI\OW curi"cu:, aod Lbc wax fu\Um rofl\1')' ~CT't!r.t r 1 

r·i.;ht :wl(l,·s tv tho~ of •·oris (; C1 and the In· u imp:~rtcd to the ruotor; hut tbi$ GITcct «ill 
•lt~<-tiv" cffcct n•dnccll to n miuimum. be duuiu \sbt<l iu J'l'OJlOrtiou to the ot;!;IO at 

l n\lllent:ily to c,•nni11 ronstru cuoo••. other whicli tbc coil F of tile regulntor Is turuc<l. 
c ·:t11s~s mny iulloo~net, th r. vatio tiun '" oM T~c 1uotor will nlso l;c rc\·erscd l>y re,·costug 

~., •II"CII:;th ul the lllllucctl (IIIT CIII•. For· e<:l>IO· lhu poslliou or tllc coil «it II refertUCtl to l~u • I 
)' "' • -;,. ll·~ pr~s•·"L case rt wall l•c ob:;c ro.,d coil> 0 C, nod tuPrelly re,·ca-sing tbo Jlll nsca or 
'hot by_che fir.,;l lll>lY ~II' tOt ,,, ···•ill-'-ll ··~rtn;n t!Jecuncut vroc.luccd by tb". (:CUeNtor. Tl.>is 
por&.hlO of lt.c; convolut •or.~ ore c:all'ierl bf')"•>nd chaut;~ lUc: \lu\.'dJVn uf tlu; mvv\•uu·nL ol tho · 
the hue of 11..- •lirect iullucucc• vf llrc liurs of shirllug )IOICllwbicll tile :muaturc follow~. 

s~ foacP. """ 1h:at t~c m:o;:udic p:otir •>r cirr•o;t Oue ol tllc ut:uu :ac.l•·autngc~ M tlol~ piau of 1 z 
r'ol' s.:ud !lues is impain.'<f; hcuco nh· ~ nth1<.:t l vc rt~u1ntiou is its CCOlh)Jily of power. \Vbca 
t·llt·ct wunld IJ.c rc;hu."t·ll. Ntxt. t l•:~t !'\(tcr ~he iu\luccd coil is ge1u:rutw~ it:; fJl :ldauum 
IIIU\' I IIS lhrOII~h a t·c rtai n :tuoJ~, \\ h .. t:L IS ~!t CU~I'CUt,l hC IO~XiOlU lU .:lWVl1Ut Of <' :JCJ"b.)' i u ll:o 
\ rvu<l y d<·t··ruu U<-'1 IJy I hr: I d.tll Vc eli 111\•:o<rr-ns pruunr~· coils IS absutlJe<l i bul :1~ Urc iuduce<l 

G., vt tin: t~,f.l, : u or •·o r I F, d i,o;;uu:o lly oppo:;ite cool iS tnruccl fr.>ID liS norma l JIOO<:t!ou the , z 
)HOI\lOIIS Of lUe COil willl>e<illllllt :IIICOIIS!y in · SCif·iU<IUCfiUII OftliC pri:n:ti')' <'Vil~ t•tclUCC~ thc 
clolll•·•l in I he Iicht, IJnt iro Sll\' 0 i'"<itii>IIS : hnl· C.<pCII<Iiturc u( entrgy :tlld Save.~ (lll\\'~r· . 
the lilll'< "hodr pn>olucc :1 curr~lll·illq•nlse ir\ 11-is ob•lou~ tllal ill pr~cLico. cotheo· coils C 
one portiO II or t.llc· rvil i11 a r,., t:ou o lllrcctio11 Cor coil ~· noay be nscol ,., .prim:ny oa· swoml 

r.~ "all t•ro.h11·r• an tire clr:o~oa~llly -opposite 1""·. ~.-y, ami i~ i~ >v'ell undco:;tood t.hat thcil· rola-. •J·. 
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Lh·e proportions may be \'araell to l'ro.Ju~o 
any desired <lifl'creuce or slotilarily iu Lhu lu· 
otncing amliu<hll'C)<IIlurrcuts. . 

l1un owo.ro tl.aal it is uuL uflw LO vary tbu 
5 sccoud:u·y Ctll't'CIIL of u ar lmlnclion-coil by muv· 

ing one coil wit-h rcspccL Lo lbc oUter, " '"' 
tb~a·clly vuryiu:,: I lac itulncth·e rclnLiouij uor 
·lllally cxi~Lin;: llctwccn the two. This I <lo 
i10t c:laiut. 

•o Wlu\t I <"1atim is-
1. '1'11c cutulJinat iun, with a motor lu\r tug-r U· 

dtp~llllCIIt. cuer~iz.iu;;·circuil!". Of tlll nherm:Lt.· 
iu~·C:IJITttlll re'~nlotor·, '"'n~istiu;;, c~uLiully, 
uf inducing au.J ituluC«tl toilx moval.alo u·lth 

tS J<SP•Ct tu '"'" tlnnll~<·r, whcr•l.ay the slrcu~th 
of th~ induced curTcuiS way ln~ \':\l"ietl,.thu tn· 
du<lC<I ·coils bcinl( im·lmh•tl iu untl mlnpl<'<l to 

supply the curent for ouc of the uaotor·cir· 
cuil,, a\ scL forth. . 

:t. The comllluo.Lion, wil.h o. uaotor a<laptl'd 20 

to lie ruu or opera~d by alternating currcul• 
uu.J prot•hlcd waUl indevcudeut ene~izing· 
coils, of n re-.;nlntor cousisting of stnltooary 
iu.Juclug-coil$ o.ud :lD Induced Cllil capable or 
ooing rotated, whereby IL may be turned to :a :! 
t:•-enwr or ll'SS anale LO Lbe primury coils, or it.~ 
t•<>$iliun with re>oJ•Cct thereto revcl'llcd, t-b" in · 
<lun~l coil or coal~ belog iucludc.J iu anil 
a<l:t[•ted to aupply tho current loa· ouo.of tb! 
motua··circuits, as scL forth. 

Witoess<'l!: . 
.N I KOLA Tl':SLA. 

Hom·. F. O.i.YLOKJI, 
Flt..IIIK ll. MURI'UY. 
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UNITED STATES' PATENT OFFICE. 
·. 

NIKOI,A. T F.SLA, OF N~W YOR I<, N. Y., ASSIGNOR 1'0 THI> TF.SL•\. BLEC'I'R!C 
COMPLI.NY, (>F SAME PLACK . 

DYNAMO - ELECTRIC MACHINE. 

SPECIMCI\TION formlns part of IJottora Patont No. 3~0.721, ~atoll October 9, 1000. 

J.ppllntl,eo ti:Lod A prO DS,' It1N. S.rl.J !\o. m.1~. (No m~el.l 

To aU whom it may conce/71.J 
Be it known that I, NlltOLA T F::!Lh, a sub· 

jec~ of the Emperor of· Anstrla, from· Smiljc.n, 
Lika, bordcrcountryof Austria· Hungary, now 

5 rcolding nt New York, iu the county nnU Stat.o 
of New York, havo io,·coted certain new nhd 
nsofullmprovcrucots i o E lectricOcoerators, of 
which tbo following is :upecitlcation, reference 
bciug had to tho drawing accompanying and 

'0 forming ll p:.rt of the &:lrue. . 
My preeont ioveotion relntcs, clliefiy, Lo the 

nlternnting-cnrrcnt system invented. by wo 
und· ueAcribcd in prior patents, notably Nos. 
:!81,9GS aod 382,280, of May 1, 18SSJ In which 

,. s the motors or transformers, or gr.ocrally the 
converters, arc op()ratod by o progress! ve ab In.. 
log or nlovcmcnt of their magnetic poles pro: 
dooed by thO CO•Opcmtive 1\Ctlon of iodopend· 
oot moguetizlng·coila throngh which p!\$11 nl-

20 t.or oating onrrontslo proper order and dlrcc· 
tlon. I n my Mid. system, na I bnvo heretofore 
~bown, I employed a.aeaen>.tor of nlteronting· 
cnrrcntll Ia which tbero wore indepondout in· 
doced or gcnerotingcoilo correopnodlng to tho 

25 enor:;iziog·coila or tbe converter, nod ~be re· 
l:ii.iooa or tbe geocn>.tor aod· couvortero wcro 
gcncrntly such thnt the speed of rotation of 
the mngoeL!c pnlce of the. converter equaled 
tllnt of tbe :~rmnturc of tho scoernt.or. 

JO To secarc .the greatest cfficleocy, it Ia ncccs· 
snry to run the machioes at n high spc<ld, nud 
this is trnc not only of thooo generators and 
motors which nrc part!oularly adapted for use 
in wy system, but or others. The prac.Licu· 

JS bllity of ruonlog nt very high spooda, bow· 
ever, pnrtieolarly io the c:ISO or largo gPucra· 
tors, is li10ited by wechanicnl cooditioM, iu 
sccling lo nvoid wbicb I I.Jnc devised various 
plaus roo· operating tho t~ystcm nuder c1licient 

40 conditions, although rooniug the generator at 
n comp:uMivcly low rato or speed. 

My present ioveotion con~i~l:t. or :wolhr.r 
w:•y or uccompliabing t his rrsult, which in 
cert.:lin respect~ pr-nle many ndvaotagco. 

45 According to tloe Invention, in lieu of driving 
the nronat.ure or the gcncr.ttor at a high rnt.o 
or specol, I prouuc"" rot:.tion or tho mognetic 
poles of ooc clcuoenl or t hr.generntor and uri\'<' 
ll• r. (llhcr nt a different ~peecl, by wh ich siooi· 

~? Jar results aro obt.oincd to tho•e I'Ccnrc•d hy a 
l':ll>id rnlnt ion of 00(' of t ho !'l~ IUC·lit > . . 

I 3hall descr ibe Lbis in1·cntion by rcfcrcnc.o 
to the dingra:n dra-riug hereto :lllne•cd. 

The generator wllicb supjllics tile current 
fo·r operating the motors Ol' transformers coo· 5S 
slots in tbi~ iosta,.cc of t1 ~ubdiddcd riog or 
annular core wound with fonr diametrically· 
opposite coils, Y.: rY. Witb i o the rio::; is mountc<l 
a cylin<lrical anilature-eon: wound lou~:i tu<li· 
nall,y with two ia<kpen<lcnt coils, F F', tho 6o 
cqds of which lead, respect! vcly, to t'l\'o pairs or 
irumh1tcd contact or collecting ringa, D D' 0 G', 
oo tho nrmaturo shaft. Collccting·bcushcs tl 
<I g 1 bear upon these riog11, respectively, and 
convoy thccnrrcota tbrongh the t•ro lodepond· 6~ 
entlino·circuit.s M M'. Jo the maiuliootbcro 
may be included ono or more lllOtOI'S 01· trans· 
formers, or both. Jr oootoNl be o~cd, tbcy·nrc 
constructed in accordance with my in\'enlloo 
with lodepondoot coils or set~ of coils .T J', in· 70 
eluded, rcepectlvely, in ti!C circuits 111 1\I'. 
'l'besc eoergf>.ing-coils arc wouud on a riog or 
nooular t!CI<I or oo pole·1>ieccs thereon, nod 
prod ace by the nctioo or the :1ltcruating cnr· 
recta passing through them a progrcsai1·c 7: 
ubirtiog or the magnetism from pole to po~e. · 
Tho cylindrical armnLUro H or the motor is 
wonod with two coila at right aoglca, wlo icb . 
form iodepoodent closed circuits. 

H tratlllforruors bo eruployod, I coouccL one 8o 
set of tho prlmnry colts, as N N, wound on a 
ring or nnuular core, to one circuit, :lS M', nnol 
tho other pritoary coils, N' N', to tbu clroui~ 
M. The secondary coils K K' may then be . 
Gti!iu:d for ruooing groups of incandescent Ss 
fnmps P P'. · 

With the generator l employ no o~citcr. 
This consis iH or t\'fo poles, A A, of ar.ecl per· 
onnncolly mngnelizcd, or of irou oxci!A.'ol loy a 
i)attcry or other goncralor or coutiouou~ r.ur· 90 
·rcnL•,aod n cyli nd rica! :11·mntu re-core wountcd 
on a shan., B, and wonnd with two tongittidi· 
unl coil•,C C'. One enol of each or tho·-'lc coil~ 
i~ coooectcd to tho collccting·riuga b c, resp~v 
ivcly,wbilo tbo other cools 'fire both conuccted ?< 
to n rlug, 11. Collecting· brushes b' c' br.nr on 
tho rings b c. rcspo..,t.ively, nnot ~"nuoluctor.l r. 

·L convey the curreo;I.S therefrom Uorou~b tho 
coils E and E' of the 1(<!nc,.,.\nr. II i!> ~com· 
mon retu rn-wire to l!rubh n'. Tw'' ir~<lepmd · 1oo 
ec:t circuit.r; art thus fnn:oed, one inr.ludlng 
coils O~f the cxci\cr nnd E C of the gcncrutor, 
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the other coils (1 or tbo exciter ~od E' E' o( 
tllc gcucrator. It results frOUl this tba~ tbe 
opcrntionof tho e:cltcr produces a rrogresslve 
aoovemrnt or the magnetic poh~, o t!Jc aoou· 

5 tar ficl<l ·core of tbe generator, tbe sblnlog nr 
rotnry movement of said poles being syueh· 
ronous wlt!J the rotation of tbe e%cltcr arma· 
turc. Cousiderinll: tbe operative cooditioo.s of 
"system tbus established, it will bo round tbat 

10 "ben tile exciter is driven sons to energize 
Lbo fit!.! of tbe generator tlle 1\rmatore of tbc 
lntter~ if !ell, free to turo, would rotate at a 
Gpecol p=tically tbe enmc as that of the ex· 
citer. It uuder such cooditioos tbo coils F 

, 5 F' of the geoerator·armature be closed opon 
tbomeelvca or abort-circuited, oo corrects, at 

· k~ theoretically, will bo generated Ia tho 
~aid ormatore-colls. In prr;ctlce I have ob· 
served tbo preuoce of alight c\lrroot-1, the ex· 

20 ta:.enc.e or .. ·blch Ia 11ttrlbotablo to more or lesa 
pronounced ft.uotoatlona·ta tbelotaoalty of the 
rungnetlo polca or tbe generator rlag. So, It 
tho armature-coils F F' bo ploacd through tbo 
Ulotor, tbo h•ttcr will oo~ bo turned a.alongBB 

25 tbo ruovomco~ of ~be gentrat~r-arlllataro Is 
eyncbrot<OOS wltb tbnt or the excitor or of tbo 
muguetic poles or·ua ·Gold. If, oo tbo coo·· 
ta'llry, tho speed or the geoerator ormntu're be 
Ia any way cbecked,IIO tbat tllubtnlog ·or ro· 

3.0 t&Uon or the poles of tho Ocld becom~ rola· 
t1 vely more rapid, currents will be lodacod l~ 
thQ armnture·colls. This obv\ously followe 
fro all tbo pa&siug of tho lines of force acr
tl:o orwuture · coodoctora. Tbe greater tl)e 

35 ep~ed of rotatluo or tbe wngoctlc polce rela· 
tlvoly to that o! tho arwature tbo ruoro rap· 
hlly tho cu.rrente developed In tbe coils ot tbo 
latter ,.;n follow one another, aocl the more 
rapidly the motor "Ill rovol>'o in rcspousc 

4o thereto, aod tb is contiuocs until tbc nrmnto.ro· 
r,cacrator is stoppcol entirely, as by a br.ake, 
\fben tbc motor, if properly coostructcd, runa 
nt (be &.'\we speed with w bich tbo mnguctic 
!>OICS or tbe generator rotato. 

15 The elfect1vo strco~:th of tbccurrcntsctevcl· 
opecllo tbc nrmaturc·coils of tho gcncrotor is 
depeodeut upon the etrcogtb of tho currcuta 
criargi7.ing tile gcner.ator nnd opon tbo lliiDI· 
bcr of rot.:ltious per ooi~ of time of the ll1ag· 

so n~Mo !>Oles of. tbc generator; hence the speed 
of tho wotor armature will dcpeccl in all cases 
Ul!OD the relative speeds oC tho arJnalure of 
tbe generator aod of its maguetic polcs. For 
e%otnplc, If tlle pnlca are turned tw'o tbousaod 

55 times per uuit 9f tinac Md tbo armatnra Ia 
turned cl&bt buodred, tbo motor wilt tarn 
twelvu ln>ollred tilliCS, or nearly eo. Very 
slight dilfercnccs or speed ID:\Y be indicated by 
a dcliCI\tely·balanccd motor. 

6o Let it nuw be =nmed that power iaappllocl 
to the generator o>rmature to turn It in a di· 
rcction opposlto to tbnt in wbicb its magnetic 
p61ea rotate. In such case tho n:eult would 
bo similar to tbo.t produced by n generator tbe 

6S armature aod field·IDal:oeta of wbicb o.ro ro· 
tated Ia opposite dir~cLioos, noel by reason of 
tbeee conditions tho motor-armature will turn . . 

nt a a"tl.te of speed equal to tbo eom of tbe 
speells or the armature aod maguetlo polet of 
fbe generator, eo that a comparatively lo'!l' 70 
&peed of tbe genorator·arwature will produce 
a blgb spood !a tbe motor. 

H will bo observed io conoeetlon 17ltb thla 
system tbat on dlrululsblng the realatauce of 
the external cireait of tbe generntor·&riDMore 7S 
by checking tbe speod or the motor orby&dd· 
iog traosllltiog devices In mniUple ar0 Ia *ho 
secondary circultorcircoit.s of tbetraoal'ormer 
tbo streogtb of tho correot Ia the armllture
clroollls greatly locreaaed. Tblab doe to til'o eo 

·causes: · first., to tbe great clllfereocee Ia the 
S?eede of the u1otor nod generator, and. 1100· 
ondly, to the fact tbat tbe apparatue roltowc 
tbe analogy of a traoaformer, for, In propor· 
tlon cs tbe roolstaace of the armature or eec- 8.5 
oodary olrcaita Is redaoed, the stroogtb of the 
carreot.& to tbe Oeld or primary clroultAI of ~b& 
generator Ia iocrea.sed and tbe carrootalo the 
arma~ure !lugmentod corrcapootllagly. Fot 
similar reasooa tbe curreota to Lbo armature- ~ 
coils of the geoorator iocrenso very rapidly 
wbeo tbo speed of the arwatpre la rednoed 
when ruonlng lo tha umo a!rccHon Gil tho 
magnetic polts or cooven~ely. 

It will bo uatloratood from the above do· 95 
scription tbat tho g•· erator·armaturo mGy be 
rca lo tbe dlrecUoa of tbe ehlltlog of tbo mag· 
notlo poles, but llloro ropldly, and thllt Ia soeb 
case the speed of tbe motor wlll be equal to 
tbo dill'oreoN between the ~wo rGte3. roo 

Io maoy Rppllcatlooa to electrical cooveraloo 
and cllstribatioo thla Rystem poa!ICMee great 
advaota~;ee both to oconom.J, elficieacy, and 
p•-act!cabllity. · 

Wbat I claim Is- 105 
1. Tbe combination, wltb ao GlteroaLing·CDr· 

· rent generator bnviog lodepcndcat eoorgizlog 
or field aod lodcpeuclcnt ioducod or ~r'lla· 
turo coils, of on nltorontlug · ourrcat· exl.tor· 
having generating or intluced coils corri- r 10 

sponcliug to aud connected wi~b the onerglzlog· 
coils of the geoerator, a' act forth. 

2. Io au altornatl ng·current gooeratorl the 
combination of tbo el.ctllonts named ana co· 
operatively associl'otcd Ia the following man· • 15 
aor: .11 field-magnet wound with iadepeodoot 
coiiH each coouected with a aourooor altemat
iogcnrreots, whereby tbo magnetic poles pro· 
eloped by sait1 coils ,.Ill bo ptogi'C681vci.J 
abtncd o· moved tbrou.:h tbo lleld, nod au uo 
armatot-c-corc wound l'litll Independent colla, 
cacb bavlng terminals from wblch ourrentl 
are delivered to tbo iadcpendent exterolll clr•. 
cult.s. 

3. Tho system or electrical dletrlbutloo con· 12:S 
aietiog of tbo combination, wltb ao altercat
ing. current generatot. having ladopeodeot 
eaergfziol:·colls nod .an ar!Wlturo wound with 
independent intluccd coHs, of ao.&lterolllln&· 
curreoL e~citei' ltaving lodaced ooil11 c:orre· 130 
sponcliugtoand connected with U1c energizlcg· 
coils of tbo generator, aod aoe or more clecJtrl• 
cal converl.erll haviug lodepeadeot luduoiDg 
or energizing colla coouec'..cd witb the corre-
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apondlng armatoro Nita or the generator, na 
hereto eet rortb. 

4. The coml>ioatioo, wltb "o alteroatlog·CDr· 
rent geoerotor having a lleld·Utaguet woood 

5 with iodepeodeut euergiziug ·coi l~ aod 1\D 

armature adapted to bo rotated witblo the 
field oroduced by said mncnct, or ao oxcltor 

bGv I ng I oducod or gcGeruli og coils corrcspoud· 
iog to aod coooec!.ed with the energizlog·coil:; 
or tbe genomtor, as set forth. 

· NIKOJ.A. TESLA.. 
Witneasea: 

RoBT. I'. OAT LORD, 
PAlliCER w. P.I.OB. 
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• \DI,HU II"f' Glc11 )b' 1::., IM. ~rbl x .. :T.J,,..I. I"'• ...art\ 

Tu •dl whom it"'"!! co111:rrn: 'fhc brarings G for Lhc nrnmLuo·c ·~lo nfL an• 
llc iL kuown th:1L I, N IK{•I.A Tr·~~I.A,a,nhj•:CL C.'\.~t in th~ side b:u-s, I> P. 'l'hc lkhl·r<~il• ar·c 

1 .r t hr Jo:m pl·ror of Austria, rrom Smi I jan, J ~• ka, <:i thcl· won ud on Lhc pole· pi ec:u...,. OI".JH"ufHn\hl y f 
boroiH conntr.1· ul A nstrin· ll nnc:II'Y, now rc· wonoul on a form nou! t.locn sli 1'1'~•1 un o•·cr· the ~S 

~ ,iolill': nL Nc~<' York, 'in the connl.y :11111 State co~t.ls · ol Uoo polc·piccrs. 'fl u\ lowtw p:ll't or 
or :\c w York, ha\'C invenLc<l C<:rtain new and C:\~tin~,:issccnrocl LOn~nit:lblc '"'~"an~·· \lfiiiJ; 
useful lmprnvcmeutsin Dynnono·l'lectl'ic )[a· finisbctl on: 'l'ho armature 1\ unit~ shall. i~ 
rhiucs noul Motors, of which the followin;: is" t.hcn lllOIIIItW in tht' bc:orin;:~ or the lower 
.•pccilic:LI.iuu, reference hcing loallt" lloctlr:l\<· ca:t~ing :IIIli the othct•p:\rtllf lho frnllltll•lacctl 6o 

co iu;...~ a r.comp:tnyi••g aml forming a parL uf the in position, dowel· pius T., or :any olh\.·r mc:tns 
$lUI C. \Icing u>!CU to l<Ceurc tiu: t wo )l:triH iu propt•r 

'J'JJi:-~ in\'f:IIL.ion i~ an illl))rOtCIOCIIL iu the po.'iil.ion. 
cou~trnctiu u of tlynnono oo· magneto electric In nrolcr to srt"lii"C an t•asi"r lit I .-:.~1. tlo c•i:lo 
m:\chi nc.s ur moLo1-s, the improvc1nuu~consist· h:lri, 1-: 1•\ :nul r.ntl ph:C'c.~ •• \ J:, &u Lllat ~h~L-..; ){ 6,5 

'5 ioog ina novel loo·mo r frame ami Ol'l<l·onaguct. aro .ronncol wl'o~n tl ... t.wn · l''"·t~ arc po:t tu· 
which ronclco·s the m:teloinc nooo·c soliol :nod co no· t:o:lhcr. 
pat:t n3 a Rl ru ct 11 rc, "-' h ich rNJ u ires fc w '~1· parts, 'J'h is mo• tl• i un pos.~~.·:'..~~ ma II,'' :u I \'lml n~r.~. 
'Uld t\'h ich i nvolvcs l<•s.'\ l.roul>lc aud cxpcusc Foa: ~x:unph.', 1 lll:\~llcLit.c t he ( OI'C~!'t ull t·e·nalt.:ly, 
•" it.'l umuuf:octmc. ~.~ imlicntcol hy ~loc rharach-r~ I'!>. '"''I i~ \\'ill ·o ' . ,('I 'fho irl\'Cnlion iS nr•jllicn\110 lo ~r.IICI'!\lOrS hc ~·CII t..l1:tl. the lll:l;::nrti(; circuiL h ttW4'C'tl the 

· :uul uonLOo>\ ~:cucrnlly, noL ouly to lllVse which r•olt~ of c~ch 11:1rt. or a "\~tin;: is conoplcttcl 
I b:wc clcscril>rtl in formPr patcut~. non! wbic·h t.h ron::h the :<oliol iron shle hnrs. The hrnr· 
have imlrpcntlcut circuits :ulnplctl for usc in iu~:~ for the •hnll. :u-c loe\lccl at. th•• ur.ntntl 
my pn.Lcnlcd alt.crnatinJ; cuncut. sy~u1, b ut. pninl!\ of I hn. Hcl,l,s:n I h;lt. tJu· arm at ua·c ·corc is 7 ~ 

: ~ lu otlu~r cout.inuous oralt.ca·naLin;; en rr·r:ut lll:l· HUL ani.~·l(.''' hy (Ill~ 111:\{:ltCI ic cum lit luu or L.hc 
chi nCR, ~uch as h:wc hcrclofOI'C hce:u mOr(• J:tll· lh·hl. · 
crally m·a~d. My iulprt•\'ftluCBl· is not .-~t rit:t,:•l to 1 ho uso 

lu Lhctlrawin~~ hct·nlo annHXr&l, wllida illm:.· (lf f~u r a· 1u1IC· piccr-s, :L~ iL i:-4 t~,· i•l•·••l \II at. •·ach 
t.rat.o wy improv(!m<:ntsl l•'i;:.:urc l shows Lhc pule JlhiCt~ •:oultl ht•tlh·i•lt~c l m· uwrc t ha n fuu r :io.> 

·· JO mach inn in shlr. dcr at.ion. 1•'iJ.:. 2 is a VCI'lical fm·mctl h)· thu H1mpc of t he t:a!\t i u:,:-. 
scctionn1 view of the ficlllma;.:ucls an•l rranu .. : \\'lml I chi111 il'(-
aud au c•ml view of the at'm;tl.lllt'j nud Jo'jg-•. 3 l. A t1yuamu or ma;:.:m·to ch•clric w:u:hiul.! 
Is :t plan ,.;~w or one of the part11 of the r,lme or mol or the fo·aouc of which is liniiturtuf t,w., 
~nclthc"nrm:llnrc,:IJ!Urtiouofthclnttcrllciug C:l~tio~:s, l'tch cuusistin~:of Nul l•l:llf~ with s; 

IS cut away. pt~lc: pieces extending inwarclly therefrom nncl 
• I C\St the ficld·noa::ncts nucl fraouc in two connc•·ling siolc h ars, :•5 sd forth. . 
parts. 'l'hcsc parts nrc idc .. tic:~l iu si•c ancl ~. A fr:tnoc forgcnconlorsot· uoolorshuilt· nt• 
shnpc,:uod r,'\r.lo coos~~•.s or the ~olitl pi~I<!S or oftwo&llllCI'Jlo.<eo.l c~slincs,c:~ch conMistiu..: .. fa 
co·l~ A n, from whir.h project inwarclly t he rcct:lngular fr:IUIC with polt>·ph•ct."i rxlruoliu;,; 9'• 

40 core~(: n audt.hc s lllc hnrs or brhlgc·piccc.•, i uw~rllly fro no ils rml~<, as ~ct. forth. 
r: F. '1'hu precise shape or these 11nrts i~ ::. A ,fnuno ~"'' field · magnet. fur ~;cuco·at ors' 
Ia rudy n matt« or choico-t.h~t is to s:1y, c:1cll nml motoo-s buill up of two •·cctun~:nia o· c:I'C· 
casting, ••~ shown, forms :1n npJII'o~lmatc\1)'· in1,'8 having pole-pieces c xt.encliug lnw:mlly 
o·cctnn~:nl:tr (nunc; but iL uo:oy .olovionsly l>o fi'OIIl · thclr ends, Lho faC('ll or salt! polc·pieCI'II 'I) 

4 s no ora uo· Its., O\'nl, ronn•l, nr squnn: wi thoul ll<:iug cun·ccl t.o n!Toru clcarone<> for the nroun
clcpno·tu ,.., from the i ol\"culion. I also prcrrr t.o tun: aut! 111 o•·itletl wiLh cuc~i•in:;·cuils, ns ~;et 
reduce the width or the side bn,.,., B P, nt the f••rt.b. • 
ccutcrnnolto~o proportion the parts that wbcn . · N I KOLA Tl-:$1.1\. 
the frame is put l·o;:cthcr the spaces l>clwccu I Wltnc.'!Sc.s: 

so thcpolc· t•icccs willl>c prncJ,icnllycC(n~l t.o the Rowr. F. 0AYr.onu, 
arcs whi ch the surfar.c~ of lhc poles occupy. l'nANl' B. H.s,aTr.&Y. 



P-60 

{No Model.) 
N. TESLA. 

DYNAMO ELECTRIC MAGHINE OR MOTOR. 

No. 390,415. Patented Oct. 2, 1888. 

• 
.A : 

A 

• • 

WIT • 

· ~..w~ 

/(u.t.:t- ?f. 9c.-'I ~ ,.,_.,(___ 

Rt?-.7 

..... 
INVENTOR 
vK'~_/U ... 



UNITED STATES PATENT OFFICE. 

~IKOLA TESLA, OF' Nj,;W YORK. N . Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE 

A LTERNATIN Q MOTOR. 

_IIPEOilPIOA'l'IOI!I ton:W>r parl of Lotwro P&kD\ N o.l!e&,liiO, dAt.cl Fobl'\1&'7 211,1800. . 
. , . . ., 

l ppUoaOoa llK L7 U, 1811. Sorl&l x .. 21UU. ('I• •ool•l·• 

To all whom it 1'>'141! O<>T•ccrM 
ne It kU0\<11 thnt·J, Nu.:OLA 'f.ltliLA,I\ t'itl· 

zen of tiro Unite!! Stntoll, r-c•ulin~ nt New 
Yod•, in tho counts nn<l Sll\te of Ne•• Y<wk, 

·s hn,·o luYcnte<l cCI'IAin ne,. nnd u~crul In-.. 
0 Jli'O\'ements In Klorr.i·omn:;uetic Moton•, u! 

whleh t~c following is .11 AJ>O<·iflcnllon, rcfer-
~ncc bclllt: bA•l to the drnwing11 nccompclll\'• 

,lnl: nn<l for·•uing n pnl't of the !lllme. · 
10 · l n !o•·mcr pnlcni.A b"·nnt~cl tn me-not..1hly, 

I'Aiont~ Nos. ~Sl,9GS 1<11<1 382,~SO, ot Mny I, 
lSSS-I hAve ~hown and dos~rihcd n Bystem 
!or tloo olectricnl trnnsmissionor powe1·chnr·· 
nctcrized ur the following pnl't icul"'"' The 

15 moto•· con1Aimi' indep<"ntlenl cncr~:izing·eil·· 
eultA nn•l tho gtncr·AtoJ· hos conc~j>Onding In· 
tlnccU m· cnnent-genorntiu::: c~rrults whic-h 
III'C conn~tcd by independent linc·cii'CUirB 
with thnliO of I he motor, the Hllld <'ir·cuitA II('· •o lng hHlepcn•lent-ln the seu•o only thn t th~ 
di!il inctive rollllioM of thocu r,.ontM 1•rnduced, 
transrniltetl And <llilizcd in e~<eh 1\J't' J>l'('~<·•· vo-1 
to pl·oduee·thcir proper tonjointeiTcct. 1'he 
<lisposition .or tho ::enerator coila or riJ'<'uit" 

•s Is such tluct the cun-cnts •loYolopcd therein 
1\Uil trnu~ruiltc<l thcrcfJ-om to Ure motor wilt 
hA\'C 11 ecr1niu <liffurcuc:e of phMe-for ex· 
nmplc, so thilt the mnximum perlotl. or the 
cn1·r<:nts JtCncratellln one of Bnch circuits co· 

JO.iucitle· with th~ minimmu pcrio<l~ of thA cur· 
r·cnt., Jli'Odnccil in the other ch'l!nll, 1111<1 the 
cor·•·cspon<lin~ ·energlxiug-eh·ouitH of the mo· 
tor oro so ou~·"uge•lthnt the t\<O cnrrcniS co
opcratu to cltcctll )lrog•·c1181\'e BlJittln~: of the 

JS ma.gnt.tic polt·s oi· tlic polniS of maximum 
lniii,'I'ICllc cttc .. t in the motor, in conse<tuem·o 
of which n r·otntiuu uf it~ nJt>\'llhl~ ~lcmcnt. is 
1nAintRine.t. 

:My prcstnl lnYcntion pcrtuiu~ to this ~vs-
-40 (i.no f.Jf ctect.t'jcnl 11"JlWoJrn1.;HtOilnf PfJl\"cr, itH 

n<1vol nnd dlntingui•bicg feature, JJo\~·e\'cJ·, . 
being,, spcc:i~tl m\·:tn:oc !oa· gcn~1:.nting 11r fl\'O· 
ducin:; In .th~ two mutor-<.:h·cuits then t~•·· 
nnting cuncut ncceHSIIJ'Y !o•· lht· opornll~>n or 

.45 the motor,. to•· whiloin tl\c h.'slnJJt·e~ r·ctcrt-e<l 
tu I pl·odllce lJOtheurrcntsllu'('etfy!Jy 11 mag· 
ueto-electric machine ln tln.• j)rc~cnt h<KIAncc 
I g~n•mte or prot\uce in hut on~ or the clr· 

. .,uit.c;o!the snotordircct.ly lllJ nltet·natlng cur-
so rent, nnd !Jy menua o! &uch CUI't{'nt l nrluce 

jn thcothei·energblng-motorr!rt·uit the other 

ultcrunting t·Url'\•ul JII'<'<'SSal'y fur It~ <>J*rn 
stlon. 

Wht·n the two ('IH'I'('niK •re butlJ l•rnllue;;,) 
In the lltngu~to-clcct ric mnchint•, It will \w ub· 55 
ec •·vt••l thAI· the two lin~ o•· lmnxmittlns ri<·· 
cuit~ will or UC(.'C."-"il)" t•XIt•wl the l•Utia"f! (11~· 
11\IINI !1'1111 tho )leiiCI'!IIOr In the IJJOIOr; hut 
hr :he pl;on herein l"'''·lclcd u11c llnc-drcril! 
.unly I~ l't"fJUh't·tl, nR thC' rit·c..·nit ft'0111 tl1'\ gcu· 6o 
cr·Ator an<l tho othernre l.J•·uu,:ht luto huluct-· 
I\'C l'elAtiou to cneh (It he,. in the motor it~olf. 

'J"be f<llluwlntc i• llln•imli\'c of Rmcnns l.Jy 
which I eceu•-c thi• I'\'~ lilt in ncco•'\lnnco with 
my JH'C~Ci1t in\'t:nliuu: l employ n11 1\ muto1·, 05 
lor cx~tmpl<', n rmlJtlid•h·•~ nunnlArfielcl-mn~· 

. net wilhiu wJ.it•h h• munHI('(l o tillill\hlc urmH 
tm·e, R.t K cylimlc:r ur rli~k, wound with twv 
coil"l nt rilo(ht '"'~)o,., t'A('h uf which f~o~nns " · 

· clo•e•l cil·cnlt. vn nl'l'"''ite •idea of t)<e An· 70 
nult\1' ficld-magurt I wintl ~wo ~oils of Insu
lAted wi<·t· vr 11 ~izc• ndJlpll'cl to CArry t.IJe cnr· 
rent f•·vm the· ;.:cuer~ttor Over thes.o coib, or 
·<·lose to them, in nny ur the wcll-undentood 
wny•, I wiud s.•cowlnry c~oils. I A lAo v.-iod on 7S 
the tUIIlnlnr nclt.l ·l•lnj.,rtll'f mitlw~y bcLWf('U 
the fir&l·m~utione<l ~oil• ~ pait· nr coils which 
I ~onuN:t Ill\ iu <·in·uit 'v.ith the l'ltrm:~l\t'Y 
<·o•le. 

The IMtt· JWotll' or ~;ol1s l'uwf;e of liltl'r n·u·o 80 
thnn the umiu or liuc nud ~t'l'(..IIHinry ~:ui1s, nod 
wilh 8 I(I'CIII.cr 1111111\leJ· or COJIVlllllliOnH, tAAt 
l.hcy mMy luwe 1\ KrCI\tcr relt\th·C! 1•1Mgnt'ti1.ing 
uiTet·t limn eithe•· ~of the. othc•"· • 

lJy r.ouneclhrg up the Jl\1\in cui!• I.\ Cl\'<:011~ as 
.wJthn geReJ'I\tOl' or llltC .... Kiilll: CIII'I'CniR, the 
~<rrnnturc of the mutnr· willl.Je r·otntc•l. 1 hn,·o 
,.,."""e•lthnt thiH 11\'linu is cxplnlnl'lluy the 
lnllowlng t.hP.OI'Yi A Clln'\•nt -ilnll\llHe un tile . 
line pAil.~lugt hruugh I ht• 11111i u (•ui I cstal>ll4hts oo 
the llll\gnelit• poleH uf fht• IIIJIJII11/1· fll•hl•IIIAg• 
net nt.}lOlnt:t 1ni$lwfty Uotwccn M.ttit\ l'n il,.; but 
tl•i~ llllplll6~ prncluC<'ft In the ••<'<:onclary coil$ 
a cnn·eut clilfcrlug In 1•hc1~ from the linn, · 
whit·h, oll·eulntlug th<'llll!;h the "e<•oJnlJ•Iiror 95 
ener::ixln;:-coll•, ten•'llt to e•tnhiU.h the pole AI 
point• nlucl-)' •ltgrces r~mo,·c•l from t helrlit-st 
position, wilh tho t't.'lllllt ot pr<Klu~l !•l:" JtJO\'c
men\ or g!Jirtlng of tho poiCI\ in ol.K•IIIencc 10 
!he com!Jtncd •nnfj'lletlzlnll' ccroct of tho two • •~ 
ecta of oolill. 'l1rluW!Ung, t·uutlnuell ley 011l'lr 
4U~L'IIVI! eiii'I'OIII-hnplllliC, eSIIIbll.:shr.s whnt 
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111ay bo tcfnlod "" rO!nl')' etrort, • nn<l oper11.tea 
to ma.inlAin the nrmnturo In T0141Jon 

In IJ1o drM•iolb'J nnnoxed I hAvb shown, In 
figure 1, an altcrnaUng-cu:rrcn~ genorntor 

S oonnect<l<l witl1 R motor ~h~wn dingr&lfolilaU
CAI!ya.nd conoLrnc~t\ in IICCM"clr.nro wi~h my 
ln,·ontion,AnJ in Fig. 2" d iiiiiTAon ot 11 mO<h
Jlcd Cort4 ot motor. 

A designnt.ea any or<llnnrr forn1 ot Alter· 
10 DliUng·curron t generator, and u n tho llne

"'ires lor C<lnnectinw,th~ same with t loe motor. 
CIa t he nnnuiAr tcM-ma.gnetof the mellor. 
D D &NI two rualn coil• wouud ou ovpositc 

ehle~ or the ring or nnnulnr fieid nnd con
' & nectcd 1111 wilh the line 11111l h4riu;: <> ~nll

cncy tn '""b'lliCy tho ring 0 with oppoeito poles 
•oidw11y l.oct'lvccn tilo t'•o coli:!. 

F. E nre two other rci\~~Uzing·ooll~ wound. 
n•ld..-ay ~t••oen the eotls D D, but llnvlng n 

to s~rongc r tn"G'ttttiriD:f lnlluoneo f~r a current 
or given atrcugth th11n. colla D D. 

1; II 1\1'9 the sec~nd11ry colb, which nrc ns· 
aocintc<l with the mAin colla 1> D. 'fhel nrc 
In circuits- •rh!ch inclulle the coila E E, ro-

•s G;>ecth·el)', the ronn()(~ions "being mMle Ia 
auch ol'llor Ui11t cu•Tcnta inllnce<l In coila F 
And clrculatinr In' colla Emil actin opposi
tion to thllf.o In coila E In eo tar only A3 the lo
CIItlou of tho 1111\(PlCiic polca Ia' the ring C Is 

JO conccro01! 
'l'ho 1mn11tuN! ""'Y be of nuy of tho forms 

uacciiJy mo hi myalwmntin(·curreut ey.;tem, 
nnd i• ehown All wo,.ncl wiih two cl01<e<l coils 
G II "~ right nn~;le.• \0 ench other. 

JS In oo.Jor to prolon~ the rnAgnoUdncr PttP<"t 
ot thu lnoluce.t cuoTOII~ lo producing 11 slilft.
fng oC tho polts, I hll\'0 ear:-lod the p..Jnciplo 
ot tl•o con•tractioo •~h ih!t«l In Fl!f. I t ur• 
tbcr, th<rciJy ul>tAining A "tro•gcr r.ull \.oct!(or 

~o •olnry ol!cc~. · 
Referring to F'i;:. Z, ~I& r.n nnnuln flcl<l· 

mAgnc~ h11vin~; chrco pnh·" or ~pposltoly-)o
cntod '&.!l.3 or polnr pt\Jjr.c·tionA K l. M. 'Uvon 
ono pllir or tloM<J projcctiono, M lC, the rulllu 

, s cncrgi2ln~;·cui1• D n"" wound . Ovo1· thoeo aro 
wound tho ~c~o•~olnn· coiiB }::. On tho next 
polllr projections L i.. nro wuunol the IICConcl 
eno•·giJ.iuJI·e<>il• F, "loich a re In clreult with 
colla E. 1'ertwry-ln.Juccd ooll.s E' AN t.bon 

so wouo<l ovu.tho coWl F,11nll on tho roml\lolnc; 
polr.r projcct.lons U tho tblrd oncrti:r.lng-coiU. 
F' nrc woa11d nnd conncct£\<1 up In tho circuit 
oC tho tcrtii\r:>· co lift R'. 

Tlooc)' lludrlco<l or.dlDk nrmnluro ~roN in 
ss tblr. mow1· hna poiRr projoclioM wounll wltJ1 

. coli& 0 , (Qni\luc closed o lrt'ulla. ·.11.1y o~joct 
In co•••tructinc th~ motor In tblft wny ta to 
effect more perf<>eUy tlao~hlftln:; of tho points 
ut nt"xhuum ut..'\g"tll'tic cfTOt·t. Fu .. tu<lluming 

Go t ho opcmtlc"' of t11o uoolo1· lo IJo clue to tho 
rw:tion Abuvo S<:t ro•·lh, tho Rn;t ~n~t of " 
c•urcuf..in~puiiiC inthi~ >n<olor \YIIIllo to •ang
notiYAI tho pole-piece.• IC I(; but tho currcn~ 
theo•cuy huluccd in coila E rucencti1.CM th e 

6s polo·r.iwct r •• nnd the current inrluccll iu tum 
In cot I• K'•uAgnctizc~ I he pole-piece• M. 'l'hc 
pnlc ·pi~C'Ca no·~ not ·mngneUr.c•l. n~ l~s~tl.., 

tholr f ull extent, GlmullAneously by thlo 
moans; l.ou~ ~hero I~ MOII!:h of n rollmlntion 
or dolny to produce n rvl~~ry efTt•e nr lnJiu . 70 
eneo upon tho nrmnture. The ~<r,plicntlon ot 
this principle Ia not l ionited \o \he &P<I~inl 
fonoa ot motor herein •hrown, u ony or tho 
doublo-cil-cult oltcm~Ling current· oootono in· 
vontod by meond de<cribtd rn rurrutr l.ettenJ 75 
Patent lb me moy be ILdapt.od to th• anono 
pUrpo6C. . . 

This lnvcnUon, mnreovcr, is not limited to 
tho apeclllc mca.ns b~rein •hown Cor inducing 
iu ouo euorgltiug-<:ircuil nr che motor 1 ho r.ur- Ao 
rents ncccs.•nry iur CO·Or<·rariu.: ..,ith the pri
mnry cua·~ut u! lh" grn•rato1 for proclucing 
tho pi'O{CrCMi vo ebifti u;; r:of tte poles <or toointa 
of mn:dnHIII\ mnftnCt ic e-ffect. 

I bolion \b'&tl 11m the n..,L to JII'Otluco An;t 85 
lone\ nt n motor 11<\npted to bo .opemto<l 1>)' 
nltornntlltgcun-culll null don •·~cterlzel\ IJy Any 
ntt'Allgcmcnt of imlepcullcut ch'Cu it~ h..O•wut 
into lnclucl ivo telnticu &o 11• to lli'O<Iuco n •-o
tnry c(lort or otrcct <luc to the conjllint·a.ction '>'> 
of ulwrnnling currents f1-o111 "IIOIITCC nf ""!) 
ply In ono of tbo motor-cit"<'uitll n11•l 11lton1M· 
tng ~llfi'CIIiJIIoulnecolloy lhe fl111t-nnmoo.l cur
rent.A 111 tho otlou1· ch\!uiL, null this wlthou~ 
reference to tbo apcciftc chnmctcr or 1\fm"l!l'- 9S 
went oC tho SAid two ci•'Ct:i\11 in tho motor, 

What 1 thoro foro clAim M my lunntlon lr.-
1. Iu 11n cl()(ll-umn~;netic motm·, thoeounhl-

n~ ~I OJ• of lnllCJICIItlcnt cnrrgi•iug-clrcuiiJr, ono 
lli!otptccl' to 1Jo COUo()(WU WiUt n IIUlii'C:C of nl· JCO 
tornr.tinc clirront, the other r.rrn~~;ool in in
tht<"th·f\ t't')AUon t<• tllt'AAic1 ff•"l t'ia.,.uit wlu.·•-e· 
lly tbo tnuwr will l.oc opcrntctl by ~he l'C'lult- · 
RDt aclloh uC tho two circuit~~, ns ..ct fori h. 

~- 'l'llo combluntlon lu an clC<'t ruu•n~•N it• aos 
motOI'1 wilh 1\11 n.ltotnnti:tg coil ur rmulurtur 
nnol a cl08col-clr(Uit CQI!ductor· in halucti\·u 
t•clntlon thc•·cto, ~r un ftl'lll/ltllro mouutcol 3n 
1\b to ho within the fi~l<l produced \o)' tloc cull 
nno.l c!C;SCc\ condoct~r. M net tr>rth. · 110 

.1. 'l'ilo comblnntlon in nn ~lcctromnJ:'llcli<'· 
motor, ll'lth ~norgl;dng-coil• Allllt>tc•l t•• lie 
cnnncctcd .. ·itJI tho gNICr>tturor in•ln~c•l coil" 
ana inclopeucleut cucrgizin;:-coil~ in ~ln:uit 
thorowlth 1\11<1 nrmn:zool w l'">rhtoc n All !Ciilll! ' '' 
DlOvemont uf U1o pointe ot ,uu\xlmum mAJ!· 
netic o'l!cet n r tho motor, ""set lolflh . 

4. Tho comblnnliom :n nn olcct•·unongncllo 
ruowr oC 11110rl01t ot htdCJlcnrlont tlloi'J:Idn~:
eoil• or ~~eta. of colla mullnduccd roil$ wouiltl r 20 
on nil tho onOllfl•lng-t'Ollll or eel~ oC cllll• but 
thu I11Mt oC the .Wrlc•,tho lint~ ouN-cizlro~r-coil 
or aot of cull• bclna inc)u<lcd In ch-culL•wlth 
o lloucmtor null Cll(ll\ su~h•lt ~IICt)l'lzh•;:· 
eotl or ACt of rollnl.ociu,; int'lrcuil with rhe :,. 12$ 
do cod <:oJI• Of lho HCX~ JlTCC~liiljfCHCilOzill{;• 
oolla of tho AOriCK. 

6. Jn n ~y~tcm fur tho- c-lcctrlonl lnlMmUo• 
~tien of (IOWCI' Lho combln~Uun of "" nllcn1n\• 
in{:-<:UI'TOUt 30norntor,n JUOtur 1dtJ1 &It OnC .... r;o 
gltlnr; roll cor cnilll councc!(o•l with ll1o (tOll· 
enltur, ri0410H•ba-y C..)i)l4 in .huluc:U\'0 rolalion 
to u ill cn•q;ir.iust-coil,., naul cner~;ld"g-coilt 
Itt ~I ret: i 1 1 hl'l't'Wi I h n :·rn n;:c• l i It n11l»ot n 11 tiAII y 
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185,1110 I 

the mann or set forth to J•roduc:e a mortn:ont 
ur rulntion of tho points of 111ulmum 1nac 
ueU.- flf~t or Uao 111otor, as wet forth 

6. 111 en flcc:tromn&netic: motor the romba· 
s na I lou or itnlCI'CIIdcul on~a-glzln~:·l'lrcuils,one 

tor ccn11~Uon wi~h 0 son reo of ahornaling 
eurrcnD<, tltoolher ln hnluetlve rfloalloll toUa• 
llrst, wlaert'by a rol.ary movement or tarojoc· 
t lon o( tltc no•t.l-poles wllll>e pa'OIIucC'd by the 

conjoint a ction of the ,,.o a nt! a n ArJna t are 1 o 

mou nted with in \ be inlluence o! tl\e tleld pro
duct:d by tl\e energizing-eircult..e ond c:onlaln
lng cloeed ~II• ur c:lrcllits, &¥ !l<'l furlh 

wu,;eesus 
NJKOLA TESLA 

R OBT F 0A YLORD, 
FkAI!'.II E H ~<J~Tt:n 
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To all whom tt may conC4>'n. 
Bo il koowo tbnl I, N!KOLA T£SLA, 11 sub· 

JI!CLOf Lho EmpororoC Austriii·IIuognry,Crolu 
:imiljao, Ltka, bor<lor country of Au~tria· 

s ll un~tnry,aa<la resl<loot of New York, In Lho 
county noll Stnto oC No" York, hnvo iuvontod 
cortaio oow and usoCul ImprovemooLS in Eloc· 
tromllgnetic Motors, oC 10hich tho Collowlog Is 
11 speoiOcntloo, roCoranco boiog had to l hl!' 

ro drawings IICCOmpnnying and forming 11 part 
of tho sa mo. 

In provloos pntonLS of tho Uoite<l Stnloa 
notnbly In tboso oumborod 3RI,068 and 
3$2,280, datod May I, t888, I hnvo shown an.d 

as desoribod 11 systom of tmosmiLLiog powur by 
ruonns of oloctro·m~~gootlo goo orator~ and U10· 
tors. 'l'bo <llatlugulshlng feaLnro Of tbiSH)'S• 
tow was shown to bo tho progrG68ivo wovo· 
moot· or ahiCtlng o! tho magnetic potOlS or 

20 poi niB Of miiXilllUm nllrncLion o( II motor, duo 
to tho nction or on: oct of nltorontio:: curroots 
pas.~od through lndopondeot ooorgizing clr· 
culLs In tho motor. 'J'o s~ore this r011ult tho 
t,.o cur roots must lw.vo olilroroot pbMes, tbo 

·~ bestrc.~ultll boiog obtai nod whoa tho two cur
roots di1Ior by n .qu3rter pbiiSe, or in othor 
words when the poriodsoC maximum potential 
orono current eoiocido •ritb tho minimum po· 
riods of tho other, and conversoly. I laavo 

JO also diacovorod thnt nsiugl& nltornatiog cur
root may bo utllizod to produco a progrossiou 
or HhiCtlng oC tbll annguotic polo.' or a motor 
IC tbe llbld ronguoLs or tho snmo bo oC dictor· 
oat wnguotio suscoptibility in ilifforout pn1·ts 

35 ao tbnt tho anngnotlo pheso~ or tho same will 
diaer. Thill Is to say, if tho fioltf ma::ncts nro 
or sucb chari\Cter that theirditroreot portions 
vdll bo dlctorently mnguoUzed-in rospect to 
tlmo-by tho snmo current ianpulso, nod so 

~o disposed thllt tho dilroronco of nrngnetic 
pbaso will molntoiu n rotary or progi'<!$Sive 
shlttlog or tho points or rnllXill\uw rcngnetlc 
caoct. This mny bo nccomplishod in vurions 
woye, os may beat bo o:rplnlncd by reterouco 

45 to tho Mcompauylng drnwlo::s, in whicb-
~'iguro 1, is u dingmmauatic view or 11 m6· 

tor constructetl in uccordnnco with 1oy in von· 
tioo nod n gouorntor connoctod tberooritb. 
r'ig". 2, !&An end \•low of 11 modillotl form or 

so -!lrmaturo Cor anld motor. 

-l'1 Nikola Tesln 

T.ot A designate an ordlho.ry typo'of o.ltor· 
nntlog curren t generator lo t ile olroult of 
which Is to be cooooctod a motor or motors, 
according to my prosont iovootioo. I con· 
etruct euol.a motor or motors In tl.ao Collowlng 55 
mMner: Ou a shl\Ct a I moont11o lirnrlltnroC, 
which Cor coovuolooco or IllustrAtion is pro
aumeol to be a sort irou plate or dl~lc with tw6 
cut·& way portions or a bar with roan dod ends. 
Around this rumaturo I place say four poles, 6o 
D D E R, of soft iroo, and, as. Is tiaq11llo all 
o.ltornntlog current m'lchioos, built up of hi· 
aulnto<l plates or sections to proveot tho boat-
log thnt wooltl otbemisooccur: Enoh otthoso 
cores Is s urrounded by 1\n eoergl&log coli F 6s 
nnd nil ot tbcso coils aro coancotod to tho . 
mnin circuit fmm tho gcnorator A In sorlos 
or lo noyothor o1nooor to recolvo slmoltnno
oosly tho current Impulses dolivoro..t by tho 
gencrntor·. If tbo cores aro all of lbe &IIIUO 7' 
tihnpo or, mnse, or composition, and tho colla 
nro all wound lu the sumo or o.ltorontoly op· 
pG!ito dlroctloos, no rotollon would bo pro
ducod by the pnssago through the coils of n 
curroot, whotller alteriUltiog or direct, eloco 1S· 
tbo ottrnctlvo Coroes of tho polos opoo tho 
soCtlrou armature woold be dovolopod ahnul· 
L'lnoously nod would couotorMlaoco or oeu-' 
trnl!zo Mcb other. Bot to s.ccoro rotation I 
mnko, Cor oxnmplo, tho cores D D tihort with So 
tholr coils closo to their i nuor oada nod tho 
coros J..: E long, witl1 thoircoils romovod f ront' 
tho Inner onus. lly thla means I soeuro n· 
<li!roronco lu tho magootic phltSes wbloh tho' 
poles oxlaiiJit, Cor while tho short corns will Ss 
•·cspond to tbo 1on;:notiziog elroct·of an niter: 
untlou Ol' lmpulso or current In tlao coils lo n 
cortnln thne, a greater Interval of tl1no will 
olnpso bl\foro tho snmo magootlo lotoosl ty 
wlll IJo dovelopcd at tllo ends of tho longer 90 
co~cs, aut\ In pr.-otice I hM·o C<mud thiiL Ibis 
dliYoroocc lo phnso may be utillzod to pro· 
duco tho rotation of tho armaturo. · 'l'ho of· 
feet being virtually to produco a alilltiog of 
tho points of m11xi1Dom magnetic o!roctelrpl- 95 
lar to thnt "bleb Lakes placo whou t••o Altor
nntlng 6ncrgiziugcnrroots, diltorlog Ia pbuo 
nro used, os oxplnioed In the plitonts nlxw•• 
roCorrcd t<>. , 'l'ho oSilonU:~l di!roreuco heinti 
tlrat lu tny paton ted systow tho rotnLloo ihf ,.,o 
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rooted by a llmedit!oronco or olectrlcal pba.so, 
wbilo in tloe present case it is duo to a differ· 
eoce iu wagoeuc phases 
Th~ satnc or siwilnr resulls aro obtainable 

l by other nocaos. For example, to s~cure the 
re,1uosoto diiioreoco of mas:oetic phnso, !may 
mako t~<oof tho cores as E E of c.roater IDa&! 
th.1n coros D D. ~<boroby the<r poriod of sat· 
urntioo woll oo groat or than of eoros D D, or 

oo I way make the cJres E E oC bard iron or 
steel aod the cores 0 0 of sol~ iroo, io wblch 
caso tbe cores E E oiieroog greater resistance 
\O. ma:gnetic changes, will oot exhibit tboir 
magoeusm AS soou after tbe passas:oof a cur· 

's rent~ tbo core~. 0 D. Or if thecoresef ono 
set of pole•. ~s D, 0, bo rewC'ved, tbo attrKCl· 
i\·., force of tho coils or sol~ooids woulcl be 
t•soned onstuotly "'bolo tho magnetic coros E 
1:: woui<llnl' or hl\\' o n dilfereo~ pha~o. 

zo Tb~ sp~cml furco uf the motor is largely 8 
matter uf choler. oor is tbo ouvoutioo limitod 
to tbo on<nberof poles nor to tile special form 
or nrma.t ore show D For OlllmSJlo, I may 
owploy •ucb ao arwl\turu 1\8 that sbowo in 

•s Fog. ~. wbicb oe a cylinder or disk C woun<l 
with coila G closed upon tbewaol,·os. This 
adds m&terially to the ef!icooocy of ~bo motor 
for tbe reason· tba.t cnrreota are iodocod io 
tbe closed cilils 11od magoetize tho oroo c)'l· 

'30 iodor lo a maooPr olm o l~r to t~at describe<! 
lo my 1'a1ont ~o 383,2;9 or )!ay l, JS88. 

\\'o1hou1 lom:toco' mysell, thernfore. <D tbo 
pArtocol~~ bereinbero re apociOO<l. 01hat I 
claim •~ my io~oouoo is-

lS t. lo ao altProauogcurreol motor tho com· 
bioatooo ... ilb eoorgizoog coils adapto<l 10 be 
connected wotb an oxtoroai corcnot or cores of 
diiJoreot ma~;netoc ~uaceptib ility oo u t.o ex· 
bibil diO:croucellof magoeuo phase uu<lor tho 

lo6oeoco of an energizing current, as heroin 40 
bot forth. · 

2. The combmalioo in ao· allern11tiog cnr· 
root mo·tor with a rotary armato ro of mag· 
ootic poles, nod coila ad&pted t.o bo connected 
with the external circuit aurrouoding tho 45 
eamo, tile said cores bPiog coostrnctod of dlf· 
foront >~izo or mntori3t wuoroby their mac:· 
netic pba.so will <li aer io timo as aet forth 

3. Tho comlllnatioo io ao elec~ro magnetic 
motor with a ro~ry arroatoro or magootic so 
coros or dlO:eront leogtb or maaa ao<l ooor· 
giziogcoila surrounding thoMm&3Dd a<lapted 
to be coonooted witb a ai.ogieaooreoof alter· 
oatiDI! curreota, as set forth. 

4. Tbo combination lo ao oloctro masoetic ~S 
. mol or with a rotAry arm11ture of short mag· 
netic corns 118 D D aoJ IODI! magnetic coros 
as E E,aud ooergizlog coils surrounding the 
BArno, tlloee oo tho corea E E being pl11co<l at 
a dls1aoco from tbe loner ends or tho said 6c. 
ooros, as boroio sot Cortb. 

6. Tbe combination io ao eloctro-magoeuc 
Ulotor ..-lth eoorg);log coils od11ptod to bo con· 
oooted witb a soureeof ·alternating currents, 
aod cores of dlO:eroo~ mRgnetlc suscoptlblllty, 6s 
of an armature wouod wotb co1l8 closed upon 
tbemN~I\'ea, as herein ut rortb. 

6. Tbe corobioatioo Ia an ehc~ro mngootic 
motor wltb a rotAry armature or tlold cores 
of diO:eroot m~~godtic auscoptibility and eo· 7c 
orglzoog coils thereon conoec1oo io aeroe~ and 
adapto<l to be coonocted wi~b a aoui'Ct' of al· 
toroatiog corroota, aa sot fortb. 

Witno:<st>S· 
GltO. S . MOI'R0, 
A. PATr£ll~os. 

NIKOLA TESLA. 
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.l,llcaU .. I!od lu""'l' 8, 1888. Soriolllo. 285,7". lllo modoiJ 

J'o all w"on~ it >rnlY conccl'n: one another, nrc magnetizctl slmultnuooualy, 
llc it known that I, NtKOLA T,ESLA, from or nppi'Oxhnntely so, by tho same current& 

Smiljan, J,ikn, bor<l6r ~ountry oC Austrin: This princi)lle of operation I luwc ombo<licd 
Jlung11ry, 11 subject o! th(l EmpCt'(>r of AuA· prncticnlly 11111 mooor in which J obtnin tho 

s trin, rc~iclln;; at Now Yot·k,ln tho c:ounty nnd ncc<l.'l.'>nry nngulnr tlisplnocmont l>etwcon tho 55 
Slnto or Now York, . hnve inYculcd certain points or grcntest magnetic nitrRctJon In the 
new nntl nReCul lm)lrovcmenta in Electro- t"o clem~ntsoC thcmotor-thcnnuat.uronnd 
Magnetic Moto'-'l\, oC which the following is ~ tleld-by thl'tlirootion oC tho lnminationof tho 
spe<;ificntion, t-efcrcnco being hncl to the draw· mngnctic cores of 811id elements, and tlto best 

• o in~1a<:~ompanyiug notl formiug n pnrtof tho means or n~comt>lishing this result ot which 6o 
snn•e. I nm nt present awnro I hnvo shown in tho 

Iu order to de line more clearly t.tto relntiollll nccompanying clrnwings. 
"'hi~h tho motor formiug the subject of my I Figure 1 is n side viow of the mooor with n 
pres< nt nppli~tion ~Ill'S to. othc~ o! tho portion or it.s nrrua~ure-co.re exposed. !Jg. 2· 

•s class to which rt pertams, I wtll rocn-pitulate t& an end or cdgovtew ·or the same. Ftg: 31s 6s
brieny tho forms o! nltornnting-cnrrent mo· . n ceutriil Ct'OS.'I·Section o! tho snme, the nmtn· 
to:-s invontod by mo an(! described more In turo being sl1own mnlnly In ole\'ntiou. 
clotnil in my prior pntonta and Rpplieations. J.ct A A clesigunto two plates built up or 
Of the~~~~ there nrc two principnl types or thin sections or lnminre o! soft iron insulaWd 

20 forms: first, those coutnloing two or more en- more or less from one another Rnd held to- 70 
crgizing-eil·cuits thr·ongh which nro en used to gcthor by bolts ct. or any otlr~r suiroblo means 
pass alturrrnLing cnrr'Cnts differin~r· from oue nnd sccnr'Ccl ton baso l!. 'J'lrc inner races of 
nnotbor In phase to an c:<tcnt snffiolon~ to thoso plnt~.s contnln t·cocSI!cs or grooves in 
pt'Odtico n continuous progt-cssion or shifting which n coli Ot' coils D nrc secured obliquely to 

25 of tbo polos or points or greatest magneticef- Uto clirect-ion or the lnminntions. Within 75 
feet, in obedience to which tire movable ole- the coils D is 11 disk E, preferably composed 
mout of tho motor is maintained in rotation; of a spirally-wound iron wire or ribbon or n 
sooond, tho~o containing poles or parts of dif. ~cries of concentric rings noll mounte~l on n 
forent ma!!netic susceptibility, which under shnft F, having bearings In tho plntc~ A A. 

}O theenergizmgiofluencoot-thesamecurreotor Such n device when acted upon by an nltor- 8o 
two currents coiucidiug l:l pbaso will exhibit n11tlng currcnt I~ C..'\1'-'\ble ot rotation nne\ con
cllfierenoos. in their rnAJpu;Uc periods or Rtltutcs n motor, tho operation or wbic!J I ox
phnses. In t.~o tirstolaslSOX motol'!l tla•torque plnin in the following mnoner: A current Ol' 
Is due to th" mngnctisrn estnblishetl in dif· current-impulse trn\·crsing tho colls D tends 

35 Corent por·;iocs or tho motor bycur·rcnta from to mngnclizo tho cores A A and E, nll of 85' 
th~ Mmo or from indopoudent llOllt'COS, and which nrc within the iolluonco of tho tong
oxbibitiog time dillcrences In pbaso. I n the netS~ neld of tho coils. Tho poles thus cs· 
second class tho torque results from tho en· htblishcd would naturally lie In the snmc lino 
e;rgizing orrocts of n cu rrcnt upon purls of nt right angl~s to tho coils I>, but in tho plntcs 

40 tho motor which tlirror in mngnetlo suscopti· A t·hcy are <lollectocl by roMon or . tho dircQoo 90 
bility-inothcrwOt'(h, parts which rOSllOIId to lion of the lnminnt.ions nnclnpponr 11t or ncnt• 
the same reintivo tlegt·ee to tho nct!on o.f n tho ol<trcm1tics of snitl plnto:J. Jn tho disk, 
current, not simultnncou~ly, but nfler dil· howO\'Or, whoro these f;()ndiLlons are not pres
!erent inton·nl~ or time. ln my.J>rcscnt iu- cnt, tho poles or points or ~rcntostnCtmction 

45 vcutlon, howe,·or, t.I\O tOI1!11C. in stood or ooing 111'0 on n line nt l'ight angles io tho plnno of 95 
solely tho rcsu'ot of n f.imc dift'orcnco in the tho coils; ll(inco there will bon torque ~~tnb· 
magnetic pcl'io•lsor phMcsof tho pole~< or·nt- li ~hccl by this nn~:nlar <liRplnccmcnt of tl1o 
tractivo pnrts to wl1ntcvor canso duo, is pro· poles ormngnl'lic liuc.~. which starts tho disk 
duced by nn nn~alar displo.~-cmcnt or the in rotntion, the mn:;:nctic line>~ofthoarmnturo 

so parts "'hicb, tbough movnblo with respect to nnc.l llclcl tending tow:u'(\n !'OSition or parnl- '"" 
~ -



• 
ll'l •~•n ,.h ls rotAtion ~~ contiu uect nnd mnu•· 
tHn •C!-\IIH'lhC' re\·ors.nls of the current. in c01l~ 
u n. "li ich ohnn~e alterontcly the polxnly 
ur lloll fichl-<:ores A A. 'l'hi• rot..ry tonclcou;y 

s or uffcct wi ll h• gr~AIIy incrc.nacd by winding 
tho disk wit b conductora 0, <"lo~d upon them· 
"e\V(.o:i nml h1wing n rtuHal throct.ion. wlu:reby 
t11U llllt~net.ic int.CIItiit.y Of lhU puleS or lht: 
tlisk " 'Ill be grenlly iucrerc«ed by tho t·ocrgot · 

10 on:; eff~-el or the ~urrents lnducod 10 l~ocooils 
G by the nhemotin:; cu,.,.cno~ 111 coils U. Thtl 
plno of windiug and tbc principle or opera· 
toon bt\\'C been fuUy c•plo incd in my p11t.ent. 
l'o. 38~,27~. of ~lAy 1, 1888 

1 s 1'bo rorcs of the dis!< nnd field may u r mlly 
not bo oC different mAgnetic &n~ceptlbilily
that Is to eny, they may both llo of the 1!1\me 
kind or iroo,o;o II'> to bo nu.•goeti7.od Ill lip· 
proximnt.ely the sanoc instno t by tho coils D; 

'" or one nony be of soft oroo 11nd tho other of 
hnrol,in order that n,certato tioou may elll!l'lC 
lH,:l\\1C011 tbc periOd:! Of tlH~:ir O'U\t;OCiiz.aliOD. 
In either caS<: rotntion will be IH'O<Iuccd; but 
nulcss the disk is provid~ with the closed 

• ; <'IICro~l•in:;·<'oils it i~ <l~slntblo that the obove
o.h-sel'ibed diiTcrenco of mncnetlc suscepti· 
loollt)' be lltlli>c<l to nssist in Its rotation. 

The co1 c• nf the field nod o.rmnture mny bo 
IIIH<JC Ill \OI'IOU> \tU\'~, liS will bo "CIIuoder· 

j() •tood, i t boiug only re<)uislto that tho llltuinn· 
t•on~ 111 ~:/\ell lh..: 111 ~u\:,, U i reC11vn ~ to seen re 
the uc~c~ r.'· nugulAr dlsplact:ment. of the 
po1ntsof grcntest llttractioo. bforcov~r. siroce 
the <lisk may be conllid~red 08 ooado up of an 

IS 1nfl11ito number of r:vlial nno,;, Ills obvio11s 
tloot whnt is tn1c of a d is~ holds, no1lor ••ell· 
un,\cr$tO<>tl (."'IItlitlonl", Cor many other forms 
Of ArlOAtOI'<', lind Ill}' in\'Oution in tbi8 respect 
1S in no sense limite<! to the specific r .. r1n of 

.qo onnAturo shnwu 
It will be undcrstoo<lthnt tl1e ~poc1fic wn)S 

or cnro·ying ou t thi• in\'ention nrc almost with· 
ou t numbor,11nd that, thcn·Core,l do not limit 
IO) A(• lf to the precise form or motor which I 

•s huvc l.ercoo shown 
I locliont th11t I 11m the Ot'llt to produco r,)

o.,tion or nn nrmntut·c, 111 len;st such as could 
l>c utllltC<I for nuy gcnornl or practiCAblo pur
t•O*'<'K, by mcan•of lln nlt.ernllllng cu M'cn t pass-

s-> '"!: thouuglo n single coil or severn! <-oils act· 
Ill!; M one, nml which hnvo A oliroot mngnet
O>i n ~ 1•ITI'Ct upon the core3 nt both armature 
noulli~lll,und thi~ I t>loion in Its broadest ~nsc. 

I fuo·oh,•r locli<•,·e that I non tho O"'t to ion· 
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purt t1lrcctly,by me&nsof rtfJ t~.t~rr.ul•·•;; u;r ; : 
rcot.. UUil(U ctisuo~ to th.o C()rt-:s uC thu t~o t!c 
rncnL.S or a 1110tor. aud by lh~ d"oc:ttoo oC tbc 
lamotlntlull uf one or bot.b of the ¥1lmu to pn> 
duco ao augulllr dioplaccmentor tho pul•·• v1 
lin<>s of onugroctic forco of tho core•. rcspoct · 6o 
ivr:ly. 

\VhuL 1 thtll'cfvre ciKHU ut-
1. Au o.lecttV-ma.:.tnctic naotol' C''•uttunwg v( 

n tictd-mn~oct, a rotary arruaturu. am.J " ~u• 
glo coli a<lapt.ed to bo con:Jected to 1\ liOurce 6S 
of altemuU ng cur rents a ud tO iroJ>Xrt m&Goer
iPm to botb the nrmnture aod tho fleld·wagn•t 
"ith augular dlsplaeemcnt ot the CDI\ltlwuru 
points, M sot forth. 

2. In nn olectro-mnl!neUc uootor, tbe coo1bl· 1o 
nation, with .a coil aaaptcd to bo coonocte<l 
wi th n sourco of nlt~roating curreot.a, uf a 
ficlcl·mn::oot uud rotary Armntore tbo cores 
of which uro In such rcllltlon• t'o tho coil as 
to be cncrgltcd thereby and &ubdivided or 75 
lnnu11atcd In such mnnrocr Nl to produco 110 
nngulnr tlisplacctnent of their poll-s or the 
mn:,'llt·toc tinct' thereon, os sot forth 

~ In nn olectro-onagnotlc motor, tho couoln · 
nnt1on, '<lth n coil adapted to bo cuon~tKI 8o 
With ll60Ut\!~Of alterORliO[;CUrrcnt.J<, Of fiAid· 
mn:;ncts with laminations lying oblh1uely to 
tho plnnc or Mid coil nod a circult~r or <lbk 
11rmntn~ mono ted to rot<•t~ between th~> fi•lrt. 
ml\gnet~. t>uth field and armnture beiog uucltr Ss 
tbo toa~;uotl•lng inOuence or tho coil, 118 S<:t 
fort b. 
. 4. In nn cl('ctro-u,n;;uctic motor, Uu.: <.·omlu
nntiuo, lfith A coli adnptt<l to bo connected 
with 1\ source of nluornRtingcurrentA,ot flef<f. 90 
mngnc~ wi th huninntions lying ullliqu ely to 
the plnne of tbe coil nnd n circular or disk 
armaturo with spirn.l or concentric ltuuina· 
tious UlOUnted l>ct"ecn the ticld ·m&gUeUI,botb 
field nnd llroonturc being undto· the onnb•ru~t,. 9S 
izing innue11co of the coil, us act forth. 

6. lu 11n nloctro-nongootic motor, Lho combo· 
not lou, wlth t\Coiladaptcd to lto connected w 
n sout-c:o or Allca·nntiog eurroute, of a dold
mngnct nnd 11 rotary armnture ,..ith tlo!!ed , ~ 
coils thcr<.'On, both the field nnd the nrrnoture 
b(lin~; unctcr the mn.gnct.iz.ing influcuro or r-:•id 
eoilnnd lnminate.l to produce nn nngular tli"' 
plrwconent Of the pole• of \110 tWO CO"""-

NII{OLA TESLA 
W It n 1'li6C.O . 

F.DWARD T. £VA!<8. 
0110110& N. MONRO. 
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Tr> all w1t011t. it tuuy nmccru: untious JH,•tluc·<.•<l pt·•· •·cvuhlliun of l he-J,:CIIl' l"". 
He it kilO\\ II tim~ l,Nn<OLA Tt.-::.-;t.A, :l ~nh· ntor. ltsactuai${1C\'tl.11u:t''rol't•,rnayl~·fn:il~r 

jt•tl of the Elllpt·•·cwor Austxin, (rCtmSmiljnn, or stowe1· th iln that of tht•,:.!tolh'l1ttcu·; hut it is SS 
f.i k n. hordct't•ou 11 t r')' of Anst ria·H uu~a ry. nnd · snitl to be synch1'0110I1~$0 Jon;! n:~o~ it JU'tl~a·v~$ 

5 rc~iclin;; tH New Yo1·k, in the <.'ounty l\nd State the smnc I'Ciativc spN·(1. 
or )\t•\\' Yoa·k, h.tt\'C inrcut<.•tl CCTU;lin ucw nnU · In catr·ying out n1y inv<'nt.ion 1 coust1·twt n 
nSC"ful ltu (H'II\'Cill~ut:-; iu ~JcthocTsi~ Opr.rnting motm· which hns n st-I'Ong trucll'IH.',r Jo $yta('h· 
El('t·la ·o·)l:a~u..·ti C' Motm'S,of whith the follow- rouism with thr g-cnCt'tllul'. ·'flw Ci"'ustrur- Go 
iu;: i~ a ~IH'(·i lic·Hlion. n:f('ll'<'llCC l>l·iug h:ttl to ti•m which I ))l'tf<'l' for this is I hat in \\'hirh 

10 thf! tl l'lt\dllt!~ an:onq•nnyiu~ aml fm·min;: n the anunturc is p ro\'itlcd with point· JWOjl't'· 
tmt·l ••f tltl' :-.unit' tiuu~. 'J'hpfic-1<1-tnngnct~at·C'wOitnct with two 

.\o;, i::. wr• ll kilO\\ u,c·~·rlaill foriiiS ur. nltCt'l):\1 · sets or c;,j)~) Ul('l f(ll'lllinals of which lH'(.l (•on:. 
ill;.!'·•·urrc:utuw('hittl•shavt'lhcprnpr.rt.y,whcn tH.'t!tctl ton swit<'h Ult'(;hanis.m, hy lnt•ttns of (,S 
c·olltH-t·lt!c.l in cil"~'llit with an alll'ruatiug-cm·- whiC'h lht•linC·t•u rrcnt 1n:ty hC' CAi'l'iCtl tlil\•clly 

: s rr·:• t c;cncmtor, f•f ruuniut: ns :\motor ill ~yu· tlu'On;.:h I he sa itt toils or imlia·rcrly tlll'utt!:h 
··ln\mi~mthC'I'l'\\'illt~ hut.whilothcnlt~rnntiu~ path~ Uy which its phase.'\ nrc modilit'il. To 
~ ·urn·ut wiH n111 the IIIOioraft er lt hasattainrtl· stnrt ~uch a motor, th~ ~witch is tm·1u:t\ 011lt) 
a r:'llt~ nf $pN~tl S,\'IH'III'OilOliS with thl\t of f.h(' ;\ $d Of COIIIUC:IS which inCitttfCS ill Olll' IIIOlUJ'• j J 

::c·th'r:\tot', it will uut ~tal'l :i l. l-IC'II(.'(•1 in nll <·ircu it a •lc:ul t·~islHnce, in the other nu iu-
:o iu~tnu r.c~ htrctor'·'"'' whl•r·c thrsc ":-;ynchro· cluc:ti\'C t'CHist·uwo,nn,l, tlw twut•il'<!nit~ lJeiu~ 

atir.iu;..:·u•ot <'t-s.," n:-, tiH"y nrc ll'1'1111''1, h~'''" hC'(•n iu d C'rinat inn. i l. 4,_. ul"·ious that the difT<.'rPnc-t, 
1'1111 :o-tiiiiC llll'iiiiS ht\n; h CCil :u.Joph•tllO lu•iu;; ill plta:>C o ( lh~ ('UI'1'4•1lt in SUCh c•ii'\'UilS will 
tht: t noll)t~ up lo :o;yut·llruni:oom with the ;;rn· ~·I up a rotntion nf lht· •uotot·. When lho 75 
t·ratur , m· :lppru~iutnh•ly M>, bcfm·(' lhc altC't'· spt•('d vf lhn tuutnr lui.~ thus hct~ll bumght to 

::5 11:1tiu;; <:UI'I'cu t .,,r the ;.:l:IICI':\lf'll' i~ :t)l))lic•l to thC' ch:sirt•d mlc, LhCJ-4.Witrh is ~hifi.C'd lnt.hl\)W 
dl'in~ them. Iu :-;~mu-: in~tanc<.•s 111\.'t:hani,:.;tl the 111ain rm·r·cuttlia·c(·tly 1111't)Hgh J hn mnfOI'· 
appH:tnC"~~ ha\'C hc~n ut i lized ful' thil) pur· ch·cuiL'i, and allhout;h Jh.o curJ"CIIIM in both 
1'"~\·. Juotlwa'S$pC'C'inlnmlcomplira1cdfurms cil-cu.its will now l1c c,r tho :-nua<' phase thr So 
u( lltulut· han.: Ul·eu cuu:--trw·tNl. I hfl\'l' tli!'· motor will continuo to rc~·nl\'t•, \ie<..'O&niu::: n 

3._. ''V' •:.n·tl Jl mu('h more simple uu·thod or plnu true spwhconous mot01·: To "<'Cure gn.•ntc1· 
u( urnm.~t.i ug ~y n c:lt rnn i r.i n ;;-ulO lOt'S, whir h 1'<'• crli ci cncy, I w i nc.ll he a 1'111:\ t UI'C ur i tl'4 poln t· 1m). 

•• 1n it·C's pnu:l it·n Hy uo olltl't' it ppa ,.,,! llli than jt•ctiOns with coils c iOI'c<l Ou t h~ut~t.\1 \'Cs. 
alu .. ~ utohH' itst'l t'. . Jn o lhca· ·woa·d :;, Uy a cer- Th<H'O .'\-I'C \rnrlons mOOiftcnl·iun" 1uuJ impw·· Ss 
1aiu ,·lmn;.:(· in lite cit'{'Uit-c:omu.:et.ions of t.ltc taut fenturcs of this method ot· plnu~ hnt I he 

35 1uotm· I colt\'t•t·t il nt will fro111 a donbl<'·<'h··· main principle of the in\·cnt-iou will he uru1t~t·
t:uit motcu·, ur ~uch m; I han; <lrscribcd in stoOll from tho forc::oing. 
pl'ior palcl cl::- aml npplien tions, an•l which will In tho drnwinss. to which I uow t·,: fcr, I 
sl:u·t umlc r tltc n<:litm of nn alternating cur· hn\·o illu~tratcd 't>y thC' clin~t·.am~ th o g-cu~ml 9v 
a·«;ut iuto a ~yucha·on ir.ing-motor,oronc which feature$ of constrnctinn awl opcratiou whit~Ja 

.;o \\'ill h1• run by t.ltc generA tOt' only when it has Uistjnguisl~ ·my invent4on, Fi;;ur~ l heing 
ot>a<;ltc•l a cco·t;lin speed of o·ot.~lion syncltm· <l.-nwn to illustmto t.loo <lctnils or 1\oc ' ''"" 
um1:-0 with that 11r tlH: ri<!IH·nttoa-. Ju 1hix uh<wn set forth, :mel Fi;..r:-o.. ~ :uul :) uuwlitira-
lllotiiiiCI'l :\Ot t :Unl•lt~d 111 H'ry (>l'N\I Iy (>~h.•ntl tiun:oo Of tlr~ Sl\lllC. 95 
thl· 1\l)plicntions or my ~y$tf•llt an•l 1H ~('CUre ncrcrTilig to Fig. t.lct J\ \lc~it:llillC th« lieltl~ 

45 all the ndvAu"t<~g<S or l101th runnS or nllo•a·nnt· mngncts n' :1 11101<11", l.hc pol:w Jll:l'jCct.ions o( 
in;;·cmrcnt. motor. which nrc wound with coil~ Jl C inclllllcol in . 

The cxprcs.~ion "syn<·ha·onm~> with I hat of ind\\ven<lc!Jt cif(!uit.s; nn<l D tho m·mnt.ua·o 
1I1C! ~cncrato•·:• is uf.;(;fl hc1·ciu in it~nt>tlimu·y with t..OlA.r projOOtions wouocl with <"Hil-; E soo 
nt·•·cptnt.iun-t1•:tL i~ l•J !":l.)', n moltH· is ~i•l to I rlvscd upon thcmseh:es,. the motur in these 

s.o :-:yut·hronizo .with tho ~t·ucl·atcw \\'hen H }1rc· l't.·:<pCl'l~ bcingsin~ilnr h,c{)nSlrucfinn to tltl\."'0 
serve~ n ccr1ain rdath·c spt•c<l <lcl onn iut•tl l•y •t~scrilx>cl in my pntcnl, Nu. 3~2.279, dalcd 
ils IIUillue.r of pOle'S"'"'''"' lllllllbl\r llf allcr· Mny 1, 18Sij, \Jut hnving, IJy rca.S~u or the 
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'}>Olat· prujfloctiuns on tint nrmature-<-orc m· ~tarlin;::of th cmolo•· i~ uwn••tini,:ult llllll th(' 
l>lhN· ~~ 111 ilm· :till I " cll·k nuwn fen\"'"'"'· I he Ilea• I anti i 1uln~lln t>•sistnnc~ 111 u~ttn kc u ;~ n 
)liHJJCrlicR uf n synchrouiziHtt·UIHtA•r. . consiclcnll•lc JH'OJM•J-tiou or the elculro-u•ol :,.t-. 70 

J. 1.' I'CIII'C~cnttho t·on•luctorsot a hnc from (oren M lln• dt·oull>~. Generally I ~o at\just lhf 
s "" ~tiiA'o ·uuting·cnrrcnt :;cnorntor G. condition• lhnt tho eleetro-mOtil'e fOI'<:t· u~NI 

8rat' the uwlor i~ plncecl 11 Sll'itch the IIC· in cnch Ctf the motor-ei1·enits is thnt which i:< 
I iuu uf whh·lt is I loa[ of the 0110 shown in tit~ n''JIIit'Ctl Ill O))Ct'fl\(! the ntOlnl' When ils Cil' 

'·l<·:owlu:.,.,., which is conurul'lc<l~ts fpllow~: 1-' ruits llt'c in ~rle.'<. The ph111 ll'hlth I fullow 75 
F' m'(·twu colul,u·tin;.: platc~'"O'' nru:t.;,.,pi\·urrcl in this •·~t'-0 Is illnstmte<l inl·~J~;. :?. tu thi" 

10 :tt tl•ci•· ~udsand c.•••n•·t:l-.·•ll•rau iusulaliu::; tliu;:mm tlu.· mntor has tw~l\'<' JlOICS Antllht.' 
l't'U.'\.'i•lme-. 11. so ;I~ tu Itt· tthirt\ .. 1 in Jl.'\rallnl· )\rmalnt-v ha~ J)(')lnr projections I> wou1ul wilh 
hun. ] II thf" pal Ia u( tilt.' l,;u" r F' i'S tht.• ("(\ll· clOS<-cl cuil~ E. ThC,\ switc•h UN.:"tl i~ uf ~ub~ 
t:H'l ::. \\ hit·h form~ utu• t.~·rminul t)( the c•i.-.. Sll\lltinlly the Sl\11\0 OOilSirUC'liOU t\:( thnt fto 
C '\1 i I I hI Ull;.! h c.•uil~ (', ;11111 the COIII:lC'l 4 1 wh j (' lt. :show ll i fl t h<•t U'CV ionS fi !;lll"C. 'J'h CrtHU't', hoW• 

lj i :o~. One IC'I'IItiu:tl nr thll <.:ircult through coil~ B. ewer, f\n• (.'OUinct~. w)aich I ltnvc clesi;tun lt.'11 
The• "1'111J>il~ end cor the wiro or coill< cis con- by ~ho fi1{111'C• 5, G, i,~.auc1 !1. 1'he ntOIIIr·ch·
ncCtl'l to 1 he wit·c J. or bnr 1-'', nncl the rorrc· ell its lit:, which lnrlurlunlt~o·nntc II••I•I·NIIs, 
•pooulln:; end uf coil~ U is ~onncct~<1 to wh'C 1\t'c connected to tho tcrminRis tu tho r<ollow- 85 
I.' 1111<1 ""'' F; hcnco ir tho b>\1'$ bo s~irtcd so lug ordor: One rnd or cil-cuit C i~ •·uomcctrd 

>o ns to ltcnr on contact~ 2 nnd 4 huth sels of to contnd 0 on1l tn ooutnct 6 th1-ongh 11 11(•:111 
rolls II(' will be iJ•c1udod lrr tho circuit L r: resis!Jlnc~. I . o,.,. termiunl or · f'irt·nil 1:1 ;~ 
itt ttllllliplc nrcordc•·ivat.lon. In thc' pnU1 of connretcd to · contact 7 nnd 10 c.•utnd ~ 
tit~ h•\'NS F F' nrc t\1'0 other coutnct-tcrmi· ~!!rough n ~<eiC-inthlclion coli, .1 . Tit•· "1'1•~ ?0. 
nal~. I nn•l :1. The cnnlllct 1 I~ conncetc<lto site tcrtniunls or loot It l'ir<'ttilll nrc l'OttiiV·(·h-d 

=s coutnct 2 through an artificial resi~tanec, I, to ~uul:o<·t 1'. 
nutl ("tttolct 3 with conta~'\ -l thmu;:h n <<-If- On<· ••f lite lovrrs,us F,of thoswiu·h is mn1lc 
inclu•·tlou ('Oil, J, so tlmt when the swilth·lc- with '"' l'Xtcn~iou,f, or nthrrwi:;e, S<o M tn 
\'011' nro sltifl.-.1 onto tho \>Oin\R I :11111 :1 th<l CO\'cr lH•Ih routuct,; 5 1ind ,; wlocn 6h1Cif'lllntu 93 
circuit~ or coils 11 uorl <.: w II bo connected in tho JJusilion' t o start the motor. It will '"' nlt-

30 lttnltlplo ntC or derivntiou to tbc circuit L I.', sorve.:J lhllt wlton In this IlOSltlon 111ul witlt 
nnd will include the o·csistance 1111d self-in- lol'l\r Jo'' on coutact B the current dl\'lclcs t .... 
ductlon ooil, •~spec~h·cly. A thir.:J [>OSit.ion tween tho t wo circuits U (', wblel1 from tl11·i1' 
or lhe.~wltchis tloat. ln which the lc\'01'1; rand <liiTcronec In o!ilctrical chuacU!r )lt'O<hu··· II 100 

1-'' HI'C shifte.:J out of c<>ntnct wllh both sets of l'rogrcsslon or the poles that stnrts tJo.- motm· 
35 pointa. In thiscaset!lllmOtoriscntirt,Jyont 111 rot.1tlon. When tho molllr lonsllttntuc•1 

.of l'ircuit. · tlte pro[Wr spood, tbcswitch isshlrte<1 1<4t tlull 
' 'J'ho purrt>'O nn<l mnnm•1· uf "'"''"tillS tho the IC\'Cni CO\'Or the contacts 7 mul O,tlt<·n•h}' 

)n<olnt' by thrsc •le,·io'Cll nrc "·' rullnw.: The conncc,ting eirouitsllnu.:J C itt serir:<. llul\'t' •os 
uoruoal l'"~ition nf llol' swlll'h, I Ill• mulm· \)('- fouuol · tl111~ II)• this •lispositiott tho uovtor is 

40 int; oul or cit"Cuil, is ort' tho contaet.·voints. umintnin(.l(\ in r-otation · in synchroul~m with 
,\s;unoiD"· tho. generator to hn l'u nniug, nnd tho genorotor. This prin~lp1o or OPOI'IItion, 
tlol\t il i~dc~h'Cf.! tosto.l·tthohlot.or,tloo~witdo which conijl&ls in ron\'Crtingby 11 donngo nl' 
i ~ s hiftc.:J unLil iL, lovol'll I'CSt upon polntR 1 r.nnneetiona oo·otlterwis~ 11 donhlc-cil-cuit ""'' '10 
nuol !1 .. 'I'huJ.wo motor-clt·culrs nro thtis con- tor or onn O)>cruting bynpl'OI,"l'Cft~ive ~hiftiu;: 

·1S ncelt•d with tbc gcnomtor-clrc·ult; l>nt U)' r<•a- ..,, the poles Into 11n o•'llinm·y syilc11roul7.in~t· 
M)tt or tho prc>:CDCO Of tho rosllitllllCC [in O:IC 010\1'1' mny be carried OUt in ··mAlty oti1N' 
nud the s~lf-induct:lon coil J In tho ot11cr tho wn~·s. Fortnstnncc,lnst~.,,tornsln<:th(• •wlt~h 
t-oindtlcnco of tho phases ot tho (•Urt'Cnt is shown in tho IJrC\'ious lignl't's, I may u..c 11 ''5 
lli•t urhcd.sumoicntly to p1'011ucc" pro;:rC~<.<iun tonlpOmry s•-ountl t•ircuil II<: tween tho sen-

so nr I ho pole!!, .. ·hi cit starts tho motot· in rota- crntor 'nnd onotor, in order to Rtnrt t110 motor, 
llnu. · When thCS1lCCd or the motor hasrnn iusul>:ltntttinllythomllnn\'rindienteditt F ig.3. 
11p to •)'nchMni'~" with tho scnerntur, ur ap- LcL G In this figure rctore~eut su1 ordiuury 
Jll'oXltllntclysu,t hcswltclt Is shlrt~llorco·onlo llcrllal in~curronL gcnCI'IIto~ .,..ill!, lillY, t .. ·<> too 
the point~~ 111111 4, t1111~ cnttlng ont tloo coils poles, 111 M', nn.:J an HI'HIIIturo wound wlt.h 

ss I null J, w \bat Uoc cn•·ronUI in both c.'io-cnils ~wo coli~, N N', llt ri~tllt :llt,:tlos nnd co11nocte<l 
ltn,·o tloc ~<~twc phMc; llut tlic motor now nuos ito·&el'ic~. 'J'ho 1notor hM, for OXIItn)llll, fom· 
u~ 11 ~~·m·lu'Onou• wotur, ll'ltlrl• ·~ "''' " known pole.~ wouutl \filii <'oils ll C, whh•lt nrc con-

' to 1lc 11 v1•o·y clcsirnblc ntot1 (•nlclent m~nn~ of nccttot\ In so1i0!1 ntul "" m1nntttt'C with pnlnr 1:5 
t'OI<\'<•t: liug :tll<l U>tttSIIllttlttg pov.:ct·. ' ' proj~tlutts l.) WCtmul wit!• 1'10&~1 l'Oil~ E K 

(io · .It will he un•lorstoo<l thut whcu bi'Ottj;ltt np }.'I'Utn tho I'Otnlllnn joiulur unlott Ucl1\'l'Cn tlt\'
to >t><.'<'<1 the "'"tor will run with onl.v one of two ch-.:nils of llnth thr g••nolrnto•· nnt1 tho 
t ho circuit• .Bur C conn retell with lhc main motor '"' (':11'1 h - conRI'CI i"" I• ~tnbli~hcd; 
or ~cncralf•r (·irrui1, or lhh two ch1·uit~ 1nuy ,\·llilt! thC'1C\rmiualsol·('Jnl:;c•f thcs.:tillcitenit:r tJC 
be ctmUl'f'k•t: in til'rice. 1'hl~ lnt!A·•· pl:m· is nrc ·(·cmn,•cted to the lin<'. .\;S>Stunlng .tbnt . 

Gs l'rcCornl>lv wheu n cnrrcr\t. h:winJ.;' n hit;h , 1Jw mutm· i:1 n syru-hruni~jng-molOI' or one 
II limber of nllN·nntionH}<I' t' lllfitur tl1111~ i•~ul- [ t1.11iL ltM thv Cll(<:lltililyuf •·uuulu:; In ~ynch
tJloyotl to <l,l'ivtl the• nwl'u1•. In :;uch <·n,.·r. ·!JI(' rouiJttm with U~t' :,:Ot•al~l·:ltur, hut uot. uC Mtt\l'l· 



.n;:, il. 111ay he ~tnrlNl by the n1JOVf.'·de.c;.ct·i lu.'() 
nt>rn•·lltnR t.y clo•inc tho g•'Uun•l ~ouncction 
f •'Unl l.>oth gene rator nntl moto1-. The: '.'''louo 
thus Uccomcs one with~ two-,cireuit. g:u.~•trll· 

5 tor ancl motor, the ground fon~>ing a co.mmon 
return for the curreuta In tho two c ircuits L 
nnu J/, \\'hen by this Rfl'angpmcnt of. t•ir· 
~uits the n\otor is bi'Ought. to 6J>cOO, tho 
grouncl-eOniiCcl ion i~ brokon 'botwoon tho I no-

to tor <>r I:CIICI'IltOI', or both, and 1:r6U nd, switcheS 
P !" beiutt cmplvyc<l for this purpose. 'J'hc 
motor then runs~ f\ e)'nchrouizing-motor. 

In tlcacribiug tho~o fcat urca whi<'h consti- . 
t utc my.lnveotioo I havo omitt.otl ill u~tmtion~ 

15 of tho appliancce uwl iJl t·oujuncliou wit.h 
tho clcctr~cal ; de1·i~ of oiruilnr •.ntcmR
such, for lo~tance, ns ·cJril·i ng-bclts,llxO<I nnd 
looae pulley• for tho Jnotor, nnd tl•c liko; but 
these are matters well understood. 

:o In de&criblng my lnventiotl by rotc renee to 
SJWcitic construcllonA 1 do not wish to bu un· 
tlerstood as limiting ·IT)ysclf to the const ruc
tions showr•; and in explnnntion or !"Y in
tent in this rCI!i>ect1 would sny that I may in 

15 otit·h'!orms of nppnmtus 'l\3 I have sho;,.n in 
Fi~"'· I anti 2 include the dCAd roslstnncc nod 
xe)f-indnction COil in either Oircn it, or Utie 
l'nly n •lentl•rOilistnnco or R sClf-iotlucllon 
coil, a. in th~ mrious ways sbown lq my ap-

JO fllootion, ~o. ~~~.u5~. filed Dcce~ub<lf 8, ISSR. 
ln~Y al>u "'ll ""Y fur111 of swilcl1, whcth~t. 

ninn 11al ., ,. ""'"""'' i<:, I hilt will by its mnnipu~ 
lntion or opcmtion orrcct the required change 
ot connection!!, ·ant! in order to s~ure tbe 

JS neceSSAry dlf'rP.ronce ot pfuUio in the two mo
l<ll•circuitt< on .start.lntr I mny employ nny of 
liH' known ril~nns for thia pu•·pO$~. 

I bcliovo thnt I nm tho firsttouJ>ernte clcc
tro-macn~tic motors by altcl'llntiu;; currents 

40 ip any Of tho IVIT)'S hcrCill SUG!;C•tcd,or tlo
•crilJcd-tlmt is tn ,;ny, by prod ucing 11 pro· 
gre'6Slve anovomerit or rotation ot thci•· poles 
or points of great~st. IIIRI:netic nttr~ction by 
tbe nltcrunl.ing currents · until they b:wc 

.45 roAched a ~;iven speed, nutlth~n by tb.: SRmo 
oum:nlM protlu!'inc R simpl" alternAtion of 
tl,teir pole.Q, or, in oth<'r wor·cls, Uy a cluwgo in 
tbe order or chnrnctcr of the circuit-conu.cc
tioos to COII'iN't n moto1· opt:r·ntiug oh ond 

sc prluclple to ouc O[>Crnting on nnothrr, for Ute 
pn rpooe ti<'>ICri l<O!I. 
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I •lu not clniin herem of Itself tho nouth'Ot) 
or Or,fippnrn tUS for O)lCrllling II IIIOtOr whi!'lt 
forms" pnl'l. ur this hl\'cntion a'ud whil'lo in· 
,·oh·~"' Jb.o principlo or mrying or mciclifying 5) 
thQ currents passing through the ,;oorgi>.ing
clrcuita, so as to prot!ucc l.lctwMn ~udt tur
rcnts a tli!fcronco of pbAAe, ns the<;() tnnltct>< 
ore <!cscribcd 1111/l clnimO!I by me in other np· 
plications, but with t.lto object of securing, Go 
brondly, tho met hOtl ns a whole which I hni'O 
herein sci forth. 

Wbnt I cl!lin< is-
1. The mt>\hO<I of Ot>eratin" nn nll~•·nt~ling

currcnt motor hct·cin dc.~c• ·iC.:tl by fl•'St Jli'O- G; 
crcN<h·cly shifting or >'Otnt.ing its J•olcs or 
poiniA of grcntest nttmc\lon Rn<llhcn, wbon 
tho motor ha.s rlttnin<•d R l;i\'eu ~}l<'C<I, llltCI'• 
uatio" the SRirl poles, ~ t106Crlbcil .. 

2. fhe mctbod of OJlOI"I\li ntr au olect•-o-mng- 70 
notic motor ~c•·oin dcsea·ibOtl, whloh cousi<l< 
In pn~sing thronj:h lndcpcndcut enCt'lli•llll!· 
drcuiti of th~ motor altcrnr.lingt·nn•.,niA <lif
fcrinl! in phnsc ant! then, wbcu thu u1otot hR>' 
aUaiu~tln gil'cn speed, nlt~rnRting cn ricnts 75 
ceinciding iu phase, as tl~scl'ibcd. 

3. The method of OJ>o•·atiu;: nri cicct•-o'rnag
nctic motor' h erein dCIICI'ibetl, whlcb t·oi>sis t< 
in stmLinJ:' the woto•· by·(IIISSinc nlto~~nlin;: 
cu rrcu ts d~rrcl'iug in phase through iu•lcpNnl· ~o 
en! cncr&iLi ug-r)rcults und.tlron, ,.·ben tho rr .. •-
tur has attained R gi,·cu a,peod, job•l ng tht•un
ergizing-cir~uit.q in serios,au<l pA.'ISing an nl· 
lc•·nnting current through tho tiiiDIC. 

4. 'J'Ifo method or opernliQg.n ~yr~mmi1.- 85 
in;;-motor, which couaialaln paasill'{/ on altcr
nnling cnrront through in~opondont cnergiz· 
iug-e;reuitS of II"' motornnd.introdutiqginlo 
Buch circu it~ R I"CC'istllnctl e nol s~!t-induction 
coil, -'·he!'(: by ~ tlifrt.l'!:nco or j>bl\lie IJ~lw~cn 9" 
the currenls in tho cil'f·uils wtll bo .>IJtnlncd. 
anti the!!> when thoqorc•l uf th;o nooto>· synot:· 
roni>.cs with tbnt of tl1o g~lwmtur, wilh
drawinJ: tho resistanc•• nml &(!If ·intln<'li~n 
coil. 1\S set forth. 

Witnesses: 
GBO. M. MONIII '• 

, lVY. 11. I.Bl!OS. 

'NIKOLA: TESLA. 
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A;rllulloo 6ltd lh.ch 23, 1889. &rio.llt .. JOMO.s. tNo .. odol.t 

Tu all wh rm• it may co~>cct·>t: , 
Be it known tha~ I, NIIWLA 'fESL.\, f!'Oill 

3miljan, Lika, bm·dcr country of Anstrin-
11 n ng11ry, n subject. of thl\ Empcro1· of Austl'iR, 

5 nml nt·csid cntof New York, in Lho~onntynnd 
Stnteot N~w Y01·k, hn,·c invontO<lcertnin new 
nncl us~fnl l m[H'O\'cmcnts in Dpuunoo•· Mng
nclo ~:lc~tl'ic 1\lnchincs, or which the follow in:; 
is n spN:ificntiooa, refcrcnco being hnclto th~ 

10 nCC<Itnp:lnying drnwings. 
This in vc ntion rclntcs to thnt ci:IS$ of clec

Lrical ~<'u cm.to~ knO\t~n ns u \lllipolar," in 
whic·h n •lisk or cylindricnl cnoulncto•· is 
monntr•l bctwcrn mngnctic poles ncnptccl to 

·5 prOthtee "'' np[H'Oximntcly·nnifonn ficltl. In 
I hI • fi 1-,.: f •II!'\ IIIHC \ 01' I 1 i!otk A l"lllfif-1 I)' ('I llH\.1' h j n f)."C lhf\ 
~,,.,.~nt~ iol<lll c<'<l in the rotating conductor 
lin\\' !t'l\111 thO COiltCI' tO periphery, 01' con, 
vm.,.t:ly, according to tlto cllo·cct•on of rotnl ion 

"' ..,. t.hc linea nC forco as dewrptinod l.ty tho 
si;;n~of tho ntngnotic poles, and tbcso ~~~ rren ts 
"'" tnk cn ofT usuAlly byconocctionsorbrushP.~ 
applied to the <li~k at points on its periphery 
><ntl · ncm its center. In tho caao or tho cy· 

1~ li nd ricnl n•·maturo-mnchino tho cuo·t-onts de
velopc<l in tho cylinder o.ro tnkou ofT by 
hrushoo npplic<l to the .;iclcs of t.ho cyli nclcr nl· 
i~~ cn<l~. 

In or<lcr to dev.Iop cconomicnlly nn elcctro-
J• tnllt.i\'0 !oo·co availnblc Cor practicnlilc pn•·· 

po!W', it is nccc.t;sary either to ret.~! (I tho con· 
cluctor nt ~very h igh rntoot SJICO<l ot· to u~o n 
disk of lnrgo dinmctc•· or cylinder of ;;reut 
length; but in either 0!\SC it l.tecomcs difficult 

.!5 to secure and maintain a good elcctricnl con · 
ucctiou between tho collecting-bru~hcs ancl 
the condn<:to•·, owing lA> tho high pot·ipheml 
~poecl. 
· It has bc\lll proposed to couple two or more 

1o •lisks together in series with tltc 11l>jcct of ob· 
t.'\ining n h igher cloc tr·o-motivo· force; !Jut 
with tho connections horcto!orc uso<l nn<l us· 
ing otltcr comlilions of speed nnu tlimcusion 
of disk neccK'<.~t·y tosccurm~ goo<l ·practitahlo 

~s rcsultJI this <lifficnlt.y is still Colt to be a sol'i
mts oh~tnelo to. \h~ uso llf this kind of gcncr· 
ator. These ohJccuon~ I hnvo sought to nvoiu · 
an< I for Uti~ puq>oso I construct n mnchin~ 
with t.wo ficl<l5,cnch hnvingn roln11' conductor 

mounteu bctvicen i ~~ pol()!\ bnt tho ~<nm<.:prin- so 
ciplc is involvccl in tho cnso otbo~h form~ of 
machine abo\'o dcscril>c<l, nncl Ni I ttrofer to 
uso tho <lisk form I shall conflno tho d~·ip
t.ion het·oin to that innch ino. 'l'he tli~ksnro 
formool with t111ngcs, nftm; iho mh.n ncr QC:pul· ss 
lcya, nnd 11ro conncotc<l tog(lth~r by ftoxllilo · 
conductin" btulds ot·bclts. · 

I prefer to construct \hi\ mnchlno iu s uch 
111anncr thnt tho .direction of umgnetlam or 
order 9C tho po!es in ono fielcl of Co roo illoppo- Go 
site to that In the otbcr, sothl\t.rotntlonoC tho 
clisks in thesnmecliroction dovolop!UI current 
in one from ccntcrtocircumforonco nncl in tho 
other. f rom circumferonro loccntor. Contncts 
nppi iNith<lrOfOl'O to the slmrtR IIJIOn wh i~h t.lu1 Gs 
<!iRks 1\l'o mountc<l form tho terminAls or n. 
circuit thl' olectro-motivo force In which is 
tho sum of th~ clcctro-moti n1 forces ot the two 
tl isks. 

I would call n\l('ution to tho ol.tvlons fnct 70 
thnt if tho diroction of mngnotism in both 
tlehl.• l>o the ~mmo the Mmo ~ult as n'bo\'o 
will bo obtnino<l by clriving tho diRk~ in OP· 
posite diroctions nn<l crossing tho connoot.
ing·l>olt~<. In this wny the ditliculty nC !<0· JS 
curiug uud mnintnining ~;ood contACt willa 
~ho poriphorlos of the diskH is nvoiclod ami a 
cbe>tp nncl dnmb](l mllohinc mn.lo which is 
u~<~fnl fo•· many purroscs-such ru; fm·nn ox· 
cite•· for nltcrnnt•nr;-ctu'l'cn~ gcn~a·alm~, for n So 
motot·, nn<l fo•· nuy other· purpose fot· «hich 
d y nltmo·mnchlneA nrc used. 

'J'hc specific con~tntction of tho mncltino 
which I have ju~l generally dcscrihecl I hnvo 
illuslrxtcol in t.hc nccompnnyin:r<l rnwin~. in Hs 
\\'lt ich-

Figou•·o 1 tSA shlu vit'W, pmtly iu :;ct.•lion, of 
my improvcU mnclaiuo. Fit;. 2 i~ n \'CJrl-icnl 
section or the >1."11110 ,, •. •·i;;lol nnglcs V) the 
aha!ll;. 9o 

In 01'\lor to form 11 fmmo with I wn licl•ls o! 
force, I CM~ n ~upport A with two polc·pincc~ 
llll' inlegml w_ith it. ·~·o tloi~ I join l.ty l>oltR E 
n c:u~t.tu~ 0, With two S1miln1· nutl corrcspoutl
ing J>OIC·J>icc~s U C'. Tho pole-pieces II II' 95 
nrc wound or conuoctcd to pro<! nee n fl el•l nf 
fo•·co of gi\'on polnt·ity, nlHI Ute J•olo·J>icct..."< 
C C' nrc woun<l or conncctc<l to produce a 

,. 
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'finltl or 0(>1~--itc polnri~y. ThMh'il'iiii(·NhnrL• 
V n JW\.'1:1 I h rough tho polCN lllltl nro jonrtml('l 
lu iu•ulnt ing·bco.ring>~ in th~ tnstJn~r A ll, ns 
shown. · 

5 II K nru thc<li•k• Ol'l(onc•·nLing~-omlucton<. 
'l'ht'y ttro compo.'l<'l or COJ>l'cr, bms..., or hou 
:uul nro keye<l or l!eCUrc<l to their l'lllll>~'Cth·e 
~hnrLo;. 'J'hoy nro pro,·hk•l wlt.h brontl I"" 
riphcrnl flnngcs J. Hlsorcolll'l!tl obvious Umt 

ro tho tli~kA mny bo htNulntcd frum tJ1eir shafts, 
If "'' tlc:<il-ctl. A flexilllc mctnllic llolt J, Is 
I'!\""'"' u\'Cr the flnng~ of the two <llsks, nnd, 
iC •lcsh'C<I, mnr llo IIJIC<l to tlrivo ouo oC U1t1 
tli"k"' I }>r~fot·, howovor, to u~o tbi:o llelt 

, 5 m~t·cly ns n collllnctot·, nntl for thl• ptllllO:iO 
""'Y n><C •h~'llt •teet, ooppor, or other sni tnlllc 
tuctnl. 1-:Mh shnft is }tru>·iuo<l with n tlt·iving· 
pull .. y ?>1, by which [>OI\'et· b impnrtetl ft'Om n 
cnnntoroflhnCL 

• .., N N nro tho tcrmlnnto;. t'or snko or ch"'"' 
nc"~ thoy nre showun>~pruvltlc<l with Nprin;.'S 
1', that llenr upon tho en tis or thu•hMts. •rhl~ 
mncblne, If sclf·cxcit.lng, )\'oul<l hr.vo cop[lCr 
blind., Rronmlllll poles, or contluctun< or nuy 

•5 kintl-auch ns tho wh-cH shown In tho th'AW· 
lnJ.'II-nmy llo 119Ctl. 

I tlo uoL limit my invon~ion to lh<~ "Jl~inl 
construction horcln showu. l•'or oxnmplo, 11. 
i~ not ncccs.~m-y tJtnt I he p~rL•Itc con•tntclt'<l 

iu ono 1nnchin<' 01· thut. t hl' materia IIi 1\IHl pro· JO 
p011iom; Jw•"Cill J!ln.m he' ~l1<.icUy (t•lltm·c•l: 
J.'urtJtcrHtnf\•, i~ is C\'l<lcuL thnt th11 roucluct, 
fng belt or bnutl inny l>t< t'<IIII(>O><C<l of 1«:\'C"II 
smnllor llnn<lx nutl thnt tho priuci(clo uf COil· 
uoction ltcn:iti tlcscrll>~•l utny llo npplictl to JS 
mo1-e thnu twu uuwhino...;. 

Whnt 1 cl~im is-
1. An Olc<"ll·icnl gciHll'l\tor (."'IIIjiSUIIJ.r or 1 ht' 

oomblnntinn, wit.h hm rotnry. ('(lntlneton< 
IIIOIIIItct\111 lllli~chu• fll•ftlJ<, Of II flexih((\ Mil• ~0 
tln(\IA>ror t.dt Jllc..sin~t nronml tho J>edplt~rit"' 
or l'f.;'\itl ettllcluct.ol1(,n:;. lu.!r .. •in !4('t for1h. ( 
. !?. 'fh<' l'1Unl1iuntitm, with twQ rolnry cou~ .. 
clucting·di~k~ hn\'ing tMWii•hcralflnnuc:< nncl 
mountt)cl iu nnlpolar ficltl<,or n flcxihlo cun· ~5 
tluclin.:; belt nr h:uul Jl:\."'-"(iuJ.! ..,,rouucl Uu.• 
fltliii(CS nC both •li•k><. •c• •ct forth. 

J. Tho cmn\Jinnlion of iwlo!)Qrulc.•ut 64.•ts nr 
Jlo1cl·uUl~uct:. mluph!tl lo mn ntnin unipoh~•· 
flcltlA, cmulnctin:;:"(lil'~R mountt .. l to I'Oltt1 t> in so 
Sllltl llc:ltlt<, imlc[lCntknt clril'iuJ.! m~rltnlli<m 
for each tll<k,nml n llcxihlo euiulucling belt 
or Un1ul p:vosiu:;nrcmwl th(' IK"rip\t\'•·h·~ur thl" 
1llskx, ns t<CI furl h.· 

NIICOf.A TESJ.A. 
. W iln "AAeS: 

PAm~xn ,V, PAf'a:. 
HonT. 1'. Cl ,\V r.otm. 
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To all whnin, it may· conc~m: with "cnrront. or " very high n tunho•t· or nl · 
6~ iL knowil that I, :-o: th;OI.A 1'Y.SLA, II sub· lorDIILions tho motor lUll}' not o·o•pott<l tn'~>p' 

jcco of tho Etotperorof .\n• lo·in, from SmiiJiln, erly. To 11\'0id lhiA ouJoctlott nooolto Sl lll'l up 
f.ikn. UOI'tlo;r"OUIIII)'of· ,\U~Irill· ll nngAry, 1'0· tl •yncbronizlot; motor in which the~ <'011•11· S~ 

s >ioling nt Nc,. York, in the cnunly nnd ::itnte tio'ns obtnin is tbe obj~t of my l"'e"""' in · 
. ur ~(I'\\' York, l.JR\'C in\'CntcJ l'Ortain new nnd \'Ontlon. I luwo therefonl COinh.nccl two tllll• 
n•~fnl Jonpro•·omcnts ioo Elcctr'lt· Mn;:nclic tors, one R ~yuchrooizing motor, the uthcr a 
.\l.,ton;, or which tho folio>•< in){ Is II •pe~ilitl\• multiplc·clrcitit or torq•to motor, llltol hy tho 
lion, rcfNonco 1Jc in;! hn•l to t he drn")"!:~ II<'· lnttcr I l.lrint: tho first nnmc<l up to spcctl, Go 

to o;oontpnnyin;: /\ltJ fotntin;: :1 (lllrl or the SlltiiC. un.Jlhcn cltuor throw .the wholo curt'Cott ioilfl 
As is •rcll known, t ertaiu Corons or altct·u11t- tho· syuchronizing mot.or or npo·t· • .rc joit.tlr 

illg·o:urrcnt lllllChinCSbi\VC tUO )ltO(lCt'ly, when llotb or t he tnOIO ..... 
connec!e<l In circuit with 1\U nltcrnntiu;:~ur- 1'bis iO\'Cntion invoh•e:~ 80\'tr:~l UO\'cl lllhl 
rru~ ;:onrmtor, or rnoniu:: ns n motor in syn· useful featnrc!l It will he ohsnrvetl. in the ~; 

· • s ch ronis'on t hcro"'i th; but wlo i lc the nltcrilnt i nu 0 rst place, ·l~lll both mot.nrij nro run withCJut 
cm·o·cnt. will ''"" tho motm· nflc•· it hn~ ott· · commutnwn~ or nny kio<l, nnd, se~n ntlly, thnt 
l:lincrln rnto or spcc<l.synehrouous wit h that lloo spoo<l or the toi'OJUO motor may be hi;:ltt•r 
Of the ;:cnorutor it will U.OtSl.llrtit. Ilene~ in tiuin t.loi\I.Of tltc >yochrttniY.ing motor, 1\0 will 
nil ins!J\UCCS her,etofore wb·ea theRC "~yuchrO• 1Jc tho 00.'<0 whon it CCUl.lllnS 1\ ru~cr num1Jor 70 

70 toitito:; UIOIOI'!'," ~~~ they 1\rC terone<J, loa \'C 0000 o r pule.s OUCts or poles, SO thnt the motor will 
,., ", sou1o:: mcnns lo:l\'C lJrcu tttlopt<·<lt.o hri n:: l.lo more reA<Iilynn<l c:uily hrou;:b 1 n I' to •peed. 
tho motors up to ~ynchrooi'm with tht• gen· 'l'hirdly,thosynchronizio!! motor ouaybecon· 

. em tor, ot· RJl(U'OXi onatcly ~o, l>eforc tho niter·. structed 60 u• to hi\ vc n much muro pronou n(•ed 
untiu;; current of the ~;cncr:\lcH· is applied to tondency to syuchron isru "'ithout lessen ing 7S 

•s olril·o them. · ·· . . the r11cility with which it i• sl.lltted. • 
lit An applicntiotl' ·r.rc<l Fct.ruary IS, 1 ~89, In ihe drnwings I h1w" iUu~t.rlltod the In· 

Sed:. I Xo. !iOO,~tO,I h3\'C'Shu\\ u nm1 clcscrihcd vcution. 
:\11 ill1)11'1)\'~ ~y~.tcm or opcr:llin;.: this clu.~~ , Fi:;urc I is n pnrt SCCtiOII:tl no"· or the t~(. 
Of IHOhJr:o>, which COUSist:o:1 bi"Oadly, Ill wh1d· mul0r5i. F' il!. 2,nn cutl view of thO~\'UCbrontZ· 3o 

JO in~ or a'· •·nnsiu~ tl1~ motor in t:uch nmnucr int: motor; Fi~. :J, All end \'iC\\' Rn<.l part. ~ec
tloat uy IOOCtons nf ~uilaiJ i o •wi t ~hcs iL ~ould tilln of Uoo- torque or <lonhlo·o:it·cttit motor; 
l1c; starl\·tl w; a utulciplc-·«!il'(•uit motor. o r one Fi~. 4, a dii'\St'rttn or tho circu it conuoction~ 
opcr:tl in:: by a p•·v~r(ls~icu• ur it~ m:l;:nct,ic employcdi nnl.l Fi~rs. :,, G, 7, :-:, aud :1 aro di:t· 
poles, auulthcu, ,\hen up 10 ~pccc.J, or uc:llrly grAm.S t1f IIIOrli nc,t •lispositiunl< 'Jr the t.,.-o mo- Ss 

JS ~~ con\trtcd iuto n11 onlinary !'!)'nchronizin:: tors. 
motor, '·f ono lu which t iiC': rnagnctit: pviP~ )u;l'SntUch :t'i ucithcr ,,,utur i,. tloing :lny 
wcro b•mply nltoruntetl. In stuuo ca . .:c~. ·•"' wur" while tht.: curnmt i:1 •u;tiu;.; upon the 
whcu a la r;:o auotv1· fs U!-.~d uutl wlu.·u tile Olhca·, I fii"Cfct· tori;.tid lycouJu!cliiiC twoarmn· 
numlH~t· vf al,l.c!t'IUt.l,ion!-- i~ ' '\.'I'.V lti;;lt, thcro is tu•·-.~~. I thol'cforu tnount tJf1l h upon LhC~:\tliC ?O 

40 Juoro 01· Joss tliOicully iu :.riu~iu~ the motor xhart.. "~tho lioltl·llla:.;nct:-. J: ul' II~~: s)·nchro· 
to spcOO :t.S :'\ •lou !..tic or multiple~l·ircuil nuJ· uizin;:nntlCof\ltctcmluc.uwtorl.ciu;..:-'ocur(..·-d 
tO I', for llll• pl.llo Of COII>tniCt ion 1\ h iclo o~·utlco'S tv tloo S:IIIIC lllL'>C 0, '!'he )'rur urahLy l&rger 
tho motor bc~t ndnp1cct to n111 u:; n syuchnt. ,..ym.:hronizin;,:- auotor· h;L"\ pol;u· JU-ojcclious nu 
n i1.iug ru<Jtor i aupnirli its eflit•icJ ll'.'' as a I urq uo J ts m·mat.ur<\ which rolatc iaa \'cry dose pro~ · QS 

H o•· doulJio-circnit onntor uuol"o· the ' "''""'col liooily to tloc )'Ole,; uf t he llcltl, lln•l in oth ur 
~on<lition< "" tltu suu't. Tlli~ wi ll he readi ly rospccts it con rorws to tho coutli tiun", now 
uoderstoud. tu t· iran lnr;:u ~Y•H·Iu-.miziu;.: JJlCJ· well uudct'St.ood, tlmt arc lll't'<'~~u·y t.o ~ccut·o 
tor tlae leu?Lh t~C Uu.: ann!!uctic.:cia-eu itO I tJu.: ru•· ayuchrunous aetiou. I fll't '( (Jr, howc\'Cr, to 
lat proje<"tiOOJ'l:\fll(\ la&i f. IU:I:-t!J a~ ~t• zr•::t! lh:ll ._;m,} tho 1tU10·1Uf!CC.10. of l hf• a rl'l;l t lin~ \\'ilh I 00 

"'o ApparCJ!tly t"OU"4ieh·r:tblu 1 i111t~. i,, !'"'!.•111i ,..,•d (m I clns~d (!(til='. J::. t\S thi ... uhviatt""C 11,,.. rnlJ•Io,v 
'lJtlgaetJ::.ath•ll nud dcmagnCliJ.ltlhJII. !I~IICC 1•:e;ut nC l"ltdnt ~ ~tHIIUelS. Tht- :,tn:tlh.:•· or 
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"t<>rque m'tor, on tho <>ll .. r"hAnll, bM, prc~r
nbly, II crlirulric.'\1 :lrllll\turo I•'. with~nt polar 
J•roj ctlhln~ and wound wi1h chl'-'et\ coil~G,a..~ 
J hi~Vl~ t.h~~~;ribetJ ill my JH'CV iQIIS IJ:lt(.'llt..~, 

s uul:ri1IY ~o. ·3R2,279, tlatctl M;ty. l, ~~~H. Tho 
lilllu-cnil' of' the t<>r<tue urotor· ru·o oouncctetl 
U[l in two series II an<l l,r11ul tho 1\ltcrrir\!ia:; 
current from t hogcperator i~ di roctcrl through 
to· Uh,id ... t het~·etn tht.!;O two circu~ts in nny 

10 IIU\OUCr tO prqdnCt' i\ J>rt>:Xl"O.~iOn Of tho poles 
or IMJinls or mAximum n•agnetie ctr(!oet. · I 
..,cure 1 hi• result in " convenient wny .bY 
c'muecliu;.: the two motor·circuits in clcri-rn· 
tiou witlr tho oircuit rror_n tho gonemto)', io-

'5 scrtlng in ono nl<JtOr·cirouit " dead resis~
nrit·o rtnrl.ia. thoothcrnsoll-inductlon coif, by 
which ,;,~""" a diiTor~nco In phjt!<O botwoon 
the two <li,·i~ions of t hn unrrcnt is Rcom"O<I. 
H .both onoto r.linvo tho Sl\ono nnml.lor of field· 

10 pole~, tho t.Orqllo motor fo•· "~;I von nnrnber 
ul 1\ltcr·uRiiou~ willtcntlto run a~ cl~>ublo tho 
spcel.l or tho other, for, ...... ,u.nlng tbo e~nnce· 
tioM to bo such RS to givo thubestresult~its 
entes nro di~idcd into t•~o series an<l "tho 

t s nurol>lirof pnle$ is ,·irtnally reduce.! oue·batr, 
wiJit•lr being ncteU upon by tho Mme number 
of 1\ltorn~ttloM tend ro rotRtO tbo Jlrmaturo 
tot twice t.ho speed. .~y thi~ mo11ns.tho maiu 
armnulro Is more cnsrly brought. to or nbo.vo 

30 the rcqu,ir-ed ~peed. Wh~n tho speed neccs
KllrY for synchrouism is imp~trt.od to tho mnln 
rnoter, th.o current is shifted from tbo torquo 
mol<lr in to tho other. 

A convenient :lrran::cment fortnrryingout 
3~ thi>1 innntion i5 Hhown in F it:. 4. In said 

n~:ure J J nro the fielcl·coils or tho sychroniz
in;r, Rnd H I the field-coils or tho torque, mo
tor. J. L' 1uo tho conductors of tho maiD 
liue. Ono o.nd or, any, ooiiB TI Is conoej:ted to 

40 wiro I, tbrongh a selr-induotior. coil M. Ono 
~ncl of tho other ~et or coils lis connected to 
tho snmo wh·o th rough 11 d e11d resistance N. 
'fho OJtposi to onds or thoso two'clreu its o.ro 
~ounoctcd to the contMt 111 or n switoh th& 

4S handle or lever or which isinconuect.lon with 
tho lino·wiro I/. Ono coil of tho lielcl·eireoit 
or the synchronizing motor i~ eonneo~ to 
the wlro T~ 'fhootber ter.miMtesin tboswitcb· 
~'OutRet 11. l<'rom tho diagrnm it "ill bo ~d-

so ily 110cu t hnt iC tbQ ~Yor T' bo ' t urnod-onto 
contact m the torque motor w111 6tart · by 
I'CR!IOU of tho <litrcrenco of IJbMo bot ween tho 
eurreota I nita t.wo enef!:idog-oircult& Then 
w~on tbe desired speed is o.ttalaod It tho lo-

55 \"Ol' P lin shifted onto "1:cintaet n tho ontiro 
current will pass throu;;h tho 11el<l·coila oftbo 
~yncbrouizing motor null .lho othnr.._will bo 
dol ng no work. 

·rno torqr:c u1otor may bo con•trnclcd mul 
6o oporntcd in various ways_ many or which : 

It"'"<' cl~eribeil io otbor npplicnllolls; but 1 d,, 
not deern It necessary In illustration or thtt 
priociple"of constructiou and modo of ot~r:t· 
tion of my prescn~invention to doscril>o tluM 

Gs further herein. It is not nocoss&ry tbnt on<~ 
· motor l»cnt. out·oC oircul~ whilo tho otl>er is 

in, for both may be Rcled upon by tho ... 
root nt tho snrne tim01 and I havo dovisc<l va 
riou~ IIL~posilions or Arrnugomonts ol tho two 
IJIOlOI"S fcrr·necornpl ishing this. Soruo or thcso 70 
nrmngcmon~~ nro ll h1~trnt.OO iu l•'igll. ~ to~-

Rcfol·ring to Fig. 5, lot T . <loslgont(l the 
tor'\jilo .or multlrlc-ci reuit motor nnd S tho 
synch roa.lr.i ng motor, J. L' being the lloe-wlrosi 
~rom ' n ~o~>urce of alternating current. Tho 1S 
two circnits of tho torque motor of tlltrorout 
dogroos of scll-loclnctioo, aud dcsigoMed lly 
·N :11, nro councet.OO in derivo.tiou to the wire 
L. ·, They aro thoo joined and t:iinuectod to 
tho cncrgizing-eircoit of tho synchronizing So 
motor, tho oppo$lto torrni~nl ol which is coo-. 
Meted to wlro I/. 'l'ho two mol<lrs Rro th us 
in sorios. 'l'o stnrt thorn I short-.circult t ho 
~.)'nchronizio~; motor by n switch !'', throwing 
tho whole current t hrough the torl}ue rnolor. 8; 
Tlron when tho <losired speed ill rcnehcd tho
switch P' Is oponcd,so tlmt tho cu rront pD.S&os 
thronglr both motors. · II} 11uch no nrmn[:C· 
mcnt ns this it is obviously <lcsirnblo for 

·ceonomicnlnud othor reASOns thnt n proper 90 
rcliltion bolwoon tho spocdsor tho two motors · 
should bo ollsorvod. 

I n Fig. C Rno~hcr <lisposition is illustrator!. 
Sis tho synchronizin~; motor and 'I' thotorquo 
motor, the circuits of both being iu pnrnllcl. 95 
W.is n circuit nlso In 1\orivatlon to tho IMtor
ciroults o.o<l contniniog n switch P". S' Is 11 
switch in thoRyochronizing-motorcircuit. On 
t he start tho switch S' is opened, cutting oat 
tho nlQtor S. 'rben P" is opouO<l, throwing too 
tho co tiro current through tho motor T, ~:h·-
i!lg it R very Rtroog torquo. When tho dn
~irod speed Is 'I'CIIcbcd,,;witch S' is closod nu<l 
tho current divides bctwoon both motol'fl. lly 
moans or switclt P" bolh motors mny be cut 105 
out .. 

In Fig. 7 tho Mrangcrucnt is subs!Antinlly 
tho an me, oxcop t thAt o. switch '!" is pl~cll ln 
tho circuit which loclutlos tho t wo orrcuit" of 
tho torque motor. 1ro 

Fig. !I shows th e two moto"' !n sorlcs, with 
n shunt nroood both conbiJiin~; n Rw,itch ST. 
There is also n ehont oroand tho sy11chroni•· 
iug motorS, wltb a R'Kitoh 1". 

In Fi~. ll the Mmo tlisposil.i~n is ~ho•rr•; "5 
lint <'IICh motor is·pro,·idcd wit.b "shout, In 
which aro switches P' An<l T", 1\S shown. 

Tho ml\onor or operat ing tho ~ystcma \lilf 
~o U~Jdcrstood f rom the fol"egoin~r descrip · 
ttoos. n o 

I do not claim hcreiu tile torq ue motor nor 
nuy p&rt lhcrcot.o.\t•'Pt iu so f:\r M tl<ey 011 -. 
tcr ioto the combinnlion which Corm~ tbosnh· 
joot of this npplic.1tion; for I hnvo mndo tho 
distingaisbing fenturcsor Sll.itl.motor thosnb· . 125 
joel oC otlrcr applicat-iou,: 

Wh:tt I no\f clai01 is-
1. An nltcruQtiug-curroat non-synchronix· 

io~: olcctric motor con plod with a oynchmuix· 
inz nltcrnnting-cnrront motor, subst41n"til\lly I JO 
~~.~ sot forth, whereby tho fonuor stnrt:l U•e · 
lattor, nntl throws it into ~ynchruoliarn wit h. . . .. . . ' ' 
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• Ita a;:tuatlog-curront, and ~witch mochAnlsm 
for dlreotlng the current through either or 
both of the motors, M aet forth . 

2. 1'bo Cl)tnbiolltlod or ~wo motont tho ur-
. s 11111turoa of which aro monntod upou t ho'umo 

shatt,onoof li4id motors being nn nllernntlng·o 
current torque motor, or ouo In willcb tho 
magoeUo polota or poles Ate pf01:1'085ivoly 
abitted b7 t he action or the ,eUOil:izlng-eur-

\o rent, t he other motor bclog au Altoroatlog· 
c11rreotayuchrooizl n(Cmotor,aod awltob meeh· 
r.ulsm fordlrecttugtho current through either 
or both ·or aald motors, M set fort,ll. 

3. The eombioatlon, with an altGroatiug· 
15 -cummt ayucj>ronido~ motor having one en· 

• ergizlo~·(lold, oC au nltornaliog-eurroJit torque 
motor h11vlug n pluramy or ouorglzlng-cir· 
culte and o.daptAid to bo operated by correots 
differing In phASe, and A swiotch for directing 

10 tho nltornAllng current or currents through 
tho aovoml circuits or one motor or tho •Ingle 
circuit or tho other, ns and tor tho ourposo 
aet forth. 

4. Tho eombiuatlou, with au nltornllliog· 
15 cor-Toot wotor hAvln~: llold-corea wonnd with 

coils adAptod to bo eonnoctcd lo a source or 
altoroatlog currents nnd an armature wonml 
with lnducecl coils clo:lod upon thomseh·es, c•f 

a starting clevlee tor bringing said motorlnto 
IJncbronlsm with the gonerator with which 30 
It Ia conueotod. 0 

5. 'l'be cotubloAtlon, with an nlternating: 
current motor oorupOSQ(l of " multipolar AI· 
tornallog llold·mA~not, and rm 11rm11turo hnv· 
insr poles wound wult coils closed upon tltom· 33 
aolvos,or" aiA~ting 1,\e\•lco,M aet forth. 

G. Ina a Alturul\tiog-eurront motor, theeom
blnAtlou or 1\ llcld•magoot bavlnrpoi«S WOIIIIIJ' 
with coils AdApted wbon eonnO'ctod with n 
aouroo of 

0 

1\lternallniJ current to prod nco sl· 40 
multanociusly oppo1nto .DIAfUOtio polnrl tlcs 
And an ilriDllturo provided. with polos or pro· 
Joc:tloos and woaod with coils coouocted In 
"oootiouously·oloeod uoeoonectod eircnit, "-" 
&ot forth. 4S 

7. Tho berolu4oscribecl mot hod of opornt 0 

lng altcrnaling~urroot motor~~, which consl~t• 
Ia netuRtiog n motor by nu alternnt ing cur· 
root to bring a' iccon.J nltornatio:; - curront 
moto r up to syncbronlziog speed rolat h•o to so 
t ho actuntiug-cnrront nod tbon switching tho 
aynchronizlng motor Into elrouiL 

NIKOLA 1'ESLA. 
Willie-: 

(;BORU& N . MOliRO, 
EDIV.\RD T . EVANS. 
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.tplieatl~ Sl.d • ., ,0,1888. 8ci.aJ II). l 11.• U ~c ..d.al..t 

To aU whom it ma.y con.-c~,.n in seraes wttb CirCuit or CO• l C, Rod tUe t«'o 
I<~ It known thAt I, l'liU>LA TltSLA. a s ub- circu•t~ n D arc .. milarly coooeet~d 1:!<>-

Je<:t of the EmpPror or A n$.tria. fr-ou. Surtljan , tw~n coils .A and C i~ a con tn.ct...ring e, form. 
LikA, bord ~r cou nt ry of Ausll ia· ll ungary, ro· iog one terminAl or tile llnter, ~od a brush"· ss 

s shling at. New York. in rhe:county Rnd State forming one termi nAl of th(' forn• r. A rlog 
of New YCJrk, have inn•n ted ee rtain neoR .,nd ti and brush c similar1\' c-oo n~t roils D aud 
useful lmpro,·emen~ in F.l('('tro · ~lltj!n eti~ D. Tbe opposite tero;in•l' ol the field·coils 
~lot<>~, of wl ,ieh the folio" 1ng i~ A ~peci6c,._ COD o~t I<> one bindiog· pOSl ~ O! the mot<>r, 
uon . ref~rence lieing bnd to the d r•w•nlr.' ~r. 1 aod those of the Mmat ure-<:oils Me sim ilarly 6o 

10 (!()O'tpAoyi ng &n rl fo r tu iog 1\ part of th e sam e. 1 connected tO th e. opposite bi rJd ing·post t 

T his io,·eot ion pertAt n stot.ha tc las..~of e-lee· • th roogh a coniAet· ring:f and brush 9 -. Tbns 
tro· mAg-oetic motors inYen tC(\ bv me in wh~b f each motor ..ci rcuit ·wbilE- io derivP. t\()n tc, th e 
two or more ind~peotleot energizing-circu itS othe r ind udes one ~nnOlllr~ ~od o"e fie ld · 
are employc<l,aod through " ·hicha lterollt iog coal. Tbese ci rcui~ are of d1flereot sell· in· 6; 

'S currents d iffering i o pbase are pASSed to pro· ducl illn, and maybemade">>irt t·a nous~a):. 
duce abe op.;rat ioo or rotation of tho motor. For th& sak&of c l e~ro ess I ha,·e •bo..-o io ono 

One of the general ways wb ieh l have fol- of these ci rcui~ ao nrti6cial rt'l'istau ce R 
towed io urryi ng out lh is i o vent ioo is Ul pro- ant! in the Olber a self · i od oct ion c01l S 
d uce practically indepeudeut c urrent$ dilfer· When an altemllliog current is pAssed ;o 

•o iog primarily in phase aod pass th ese tb rougb th rough t·h is motor it dh· ides l>ell<ooo ·~ two 
th e motor-circui ts . Anot her way is to pl'()o enerlti•i ng·ci rcuits. The higher ~elf·ind11t 
Unce a !111 nzl c Rl~rnsti n~(' urren t , t.o dh·ido it 1ion of onto ci rcui t prodn~~ &g'l"(>aCor reta.rdA· 
between the motor-circnitS,I\nd to effect arti· tion or 1a.g in th e currf"nt thereirt than in the 
6cial l~ · " lag iu one o f the ('aid circuits or other The difference ol pb~ betw~n th e 1; 

•s h•·Ancbes, as by gi ~ing to tbe circuit8 d ifferen t two currents effect.< the rotation or shifti ng n! 
~clf. ind uct ive CApAc ity. a nd in other "'")'S. the points of mA>imum lllngo ellc cff~t thnl 
In th~ former C.'l$C. in wh ich the o~ces.-;ary secu res th e rotation of the Ar mature. lo cor· 
<ii ffe•·ence of phase is primari ly efT~ted in tain respecta this plan of ioclud•ng both 
tbegenera t.ionvf cu rr~nts. I hAve, inwmein· arml\lnre sud field coilsin ci rcuit isamarke<\ So 

10 stances, pas.~ed the cnrreota th ronl!b th~ en- improvemenL Soch A mot<>r bM " goorl 
o.rgizing-coils of both elen1ents of tho moU>r- torque at starting; yet i ~has also considerable 
the field a nd armature; but I h~ve m•de the tendency to syoch ronisUl, owing Jo tbe (act 
d iS<:Overy that n n~w And '"eful resu lt is or I bAt when properly coostrucl<'<l the muimurn 
may be obtained by doing tbi ~ u nder the ron· mAgnetic effects in both armature aod 6ehl 8s 

)S ui t100S hereionftcr Sp~i Ged 111 the CI\SeO! coincide-a condition which io tbeusoal COO· 
'''01ors in whi<'h th~ lAg. as above ~tA t\'d, ic; s truction or tht'Se moto~ with clo~ arma· 
.utifl cially sccurod In thi• my present •n· t llr~·coils i! not readily atL•ioed The mot<>r 
' cn lioo resides t.bu~ constructed exhibits, too, A better regu· 

In illnstrntion of the natn re of this .n,·on· I a t ion of current frou> no load U> load. ami 90 
, o tooo I sha ll rele r 10 thn a~oompanr i nc draw· lhorc "less dit!ereoce between the apparen t 

•ngs. in which- nnd real ene r~:y expended in running• t Tho 
Fignrea l toG, ioctns h·e, are i.liagt'RinS Of d if. I t rue sy nchronous •peed vf this fono or ll> Otor 

lercnt w"ys io which the in~cotioo is or may is that of the t:enerS< tor ,.hen both Are a like-
1"'1(.! CKrried out ; and Fir. 7, A si<lt" \' If• «' of fl thor ie tO ~ny, i f th e numbPr of the coils on 9S 

cs fvrm of mot<>r whi ch I hA,·e used lor this t be arml\lllre and on the field •s r, tbe motor 
purpose will run normally at the s~<mespeed &Sagen· 

The ilingrRms m d etail will be dUI'ribed erator dri,·ing it i l the nu111l>er of 6eld·•oag· 
•cpnrat..ty n ets or poles <-f the ssme be also :t. 

A 11 in P i~: l •udicl\te the t\CO energi zing- Fig. 2 ~hows a somewbnt modified arrange- roo 
so o.rcu•t• of a motor, anrl C D two ci rcuits on men t of ci rcui~•. There is in th is case but ooo 

t~~ armnture Ci rcuit or coil A is connoeled armaturo·coil 1::, the "' •odiog of wh•cb maio· 

18 
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tAins effects ''\rresponding to tho resultJlot 
poles produced by the two field-circuits. 

Fig .. 3 represents a diSposition in which 
both arm:\luro nnd 6el<t are wound with two 

s @Cts of <'Oil g. nil in n~ult iple nrc to the line or 
llll\in eir~uit. The nrm&tnrc-<"Oil~ n.re wonntl 
to correspond with the fielc\·<'oils with respe~l 
to their s~lf-lud netion. A modification of 
this plan is sho,.n in Fig. 4-tbat is to say, 

•o the two field-coils and t"·o ftrmature-coilsare 
in deri\"Aiion lO themseh·cs Jlnd in series " 'itb 
one another. The Annature-coils in this case, 
as in the pre\•ious figure, Are wound for dif
ferent self-induction to correspond .,.;th the 

1 s field'Wils. 
Ar.other modifteation is shown in Fig. 6. 

Iu this case only one armt\lure-coil, as D, is 
included in the line-.:ircuil. while the other, 
AS C, is short-circuited. 

" In such a disposition as th11t shown in Fig. 
2, or where only one armntu re--coil is em
ployed, the torque on the stnrt is somewhl\t 
reduced , whilo the teudeney to synchronism 
is somewhat incr.ea.sed. In such a di~positioo, 

•s M sbo~<n in Fi;r. 6, the opposite conditions 
would cxisL In both iostanceg, howe•·e r, 
there is the advantage of di~rensingwithone 
contact--ring. 

In Fia. 5 the two field-coila and the arma. 
JO tu~·coiY D nro in moltJ~le arc.. In Fi~. G 

th•s d >SJ>OIIlliou Is mochhed, COl i D bem~t 
8hown 10 series with the two field-coils. 

Fig. 7 is an outline of tho ~~~nentl form 6f 
molOr in whi<'h I bl\veeml>odiech.bis impro~&-

rnont. · The clrcuitrcoonectioM bct,.·een tho 35 
armature 11nd field coils are made, as indi
cated in tbe pre•·ious figoreg, through brushc3 
11nd rings, whicll 1\re not shown. 

In the abo•·e de~ript ion I hl\\'e made use 
"t th(' terms "t\rmc.ture·' Atld Uficld;'' b:..1t it 40 
will be uocjcrstood that these nre in this case 
con vertible terms, for wbst is true of th o 
field is equ111ly so of tbenrmature, exeept thnt 
one is stationary, U1e other capable of ro\Jl-
tion. 4S 

I do not cll\illllu this appl ication tbe methO<I 
or me&nS o( operating" double--circuil. motor 
by rna king its circu its of different self-induc
tion or in nny way retarding tbe phases of 
e urr(l'nt in one circuit lllOt'G thAn in nnother, so 
having n•ade these features subject ot other 
applications; but -

What I claim is-
1. I nan Alternating...c:urreut motor, the com· 

blnarton, with flold.-circoit.:l of differeo' self- s~ 
ioduc:th·e Cf\(lncity, of correspond ing armf\~ 
turo-ci rcuits electrically ~on nccteu therewith. 
as set forth. 

2. In an 11lternllling-curreotmotor, the com
bination, with independent 6ehl·coils of dif- 6o 
ferent setr-inducti_on, of indeveodent arma
ture-coils., one or more in circuit with tbo 
fteld-coilsaod tho others short-circuited, as set 
forth. 

NIKOLA TEStA. 
w itnes5('11: 

ROBT. F. GAYLORD; 
FRA:-'E E. HARTLEY. 
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J.J»Pi\.catio;: 6.ltd Jla.7 20, 1889. Sr.i.&l, Vo. 3ll,U4. tJ o modtl.) 

l'o all wltc"~ it may c;mcern: 
Do it known l.h:lt I, NIKOLA TESLA., A suO· · 

j~t of the J::mperor· of Austria, from Smiljan, 
Li ka, borderc•>uutry or Austria-Huop;&ry,and 

s a resilient or l\ew . Yor·k, in the cour•Jy nnll 
$t:lto of New York , h:we inven~d certain 
new and- useful hnpro,·cmcnts in ~{ethods of 
Operating Elcct-rv-~IRgnetic ;\lotors, or which 
tbe following i$ a specificat ion, reference be· 

10 tng bnd to tho rlra,~dngs Rc\!Ompa.,vin g 1-1.nU 
tormiog 11 part of tho sarue. 

In a patent ~::raotetl to mo Apa·il 16, 18$9, 
No. 40l,5ZO, I have •hown And dcS¢!'ibed 11 
method or ::St.."\rting anti opcrntiog synchro· 

's n \zing motoa-s which in \ 'OI vcU the tt·ansforrn$\· 
tiou Of the mOtor frO Ill a toni'IC to II synchro
ni7.i!lg motor. Thi< I ha\'e herctofor() don~ 
by n. chsutge of t.he ci reu i t -conue.cl ions, \Vhere
by 0 11 the stor·t t ho pole. or r<>sulta,nt att.rac· 

ro Lion of the lleld·magnets of tho motor wer'1! 
~h iftcdor'l'Otllted by the action of the current 
until the moto•· reached synchronous speed, 
nfwr w~ich tbe poles wore me rely alternated . 

.The prcsont>tppli~rtion i:; ba~cclupon 11 nother 
•s wny or accomplishing this r-c.,ult, the mai n 

fel\tu r'OS being M follow•: If 1111 alternat ing 
current be pi\SSetlthr'Ough th() N~ltl-coils on ly 
Of ' I\ UlOtor lu\\'iug two COCrgizing-circuit.s of 
different self-induction nnd the armaturc-

30 coils ~eshort·drcuitc<l, tho motor will hll\'e a 
strong tor<[uC, lout little or no tondeMy to 
synchronism with thf! generAtOrj but if the 
Sl\mo current which eoergizes tho field be 
p:•s••ed nlso through the armature-coils the 

35 tcnllonc·.v to·,-cmnin in syudl ronism i~ \·cry 
considerably increa5<lrl. Th is is due to the 
fact t.hnt the mn.:dnmm ma~p,etic effects pro
ducc<l in the field nud armat ur'1! rnore nearly 
coincide. 'I' hi~ principle discovered by me I 

o~o hnve utili1.ecl in th~ opemt ion of motors. Jn 
otho•· won.ls, I cou~truct a motor baviug in· 
clopomlcnt 1\cld-<:ircuits of llilfercut •elf-in· 
•lnctlon, which are joined in derivation to 11 
K<Hirce or alternating currents. The Rrml\· 

-15 turo I wind with one or rnorc coi ls, wh ich are 
cunuectod with the licl<l-coils through cont.aet 
r ings R'lrd brnsbes, and arounr\ the arrnnture· 
cnils I nrl'!\ng"e a shunt "·ith rnPaos for ope n
ing or closing tlte 81\IDC. In st.art.in~ this mo-

so tor I close tho shuut :U'Ound tho .. rmaturo
coils, which will tliereforo l>e in closed ci r
cuit. When the current is direc~d throogh 
the wotor, it divides bctwoeo the two oil'Cuit.s, 

(it is oot oece.«Sary to r:oosid.er any case where 
there arc more than twocir·cn its used,) which, SS 
by I"CIIl!On or their ditr•rent self- ind uction, 
secure a difference of phase between Ute t><O 
cnrrents in the two branches that produce!l 
a ~hifting or r'Otation or the poles. By the 
alternations of cu rren t other c urrents MC 6o 
ioduced in the closc<l-or short-circn ited
Arllla.tu re~oil !o' au•l tho motor has a slrrv~g 
tor'()ue. \\'hen the •lcsirc<l speed is reM Ired , 
the shuntaround the armatu re-coils isopenc<l 
and tho current directed tbmugh both Anna· 65 
t u re and fie lei coi Is. Under these cond i· 
tions tho motor has " snong tendency to 
synchronism. 

In the drawing,; her·cto nnnexoo I ha ,·e 
illu~tra~ sovcral rnod ific.<tious of tho plan 70 
abo\'e set forth for opcrati,ng rnoto~. The 
ti~nrOs are diAgrams, ~nd will be e xplnined 
in thei r order. 

Fign re I : II. 1\od R dcsiguate the ficlcl-coils 
of the motor. As the circuits includ ing these 75 
coils nre or r\ilferent SE:If·induction, I hR\'0 
•·epr()Sentcd this by a resistance-coil H in cir· 
en it with A, 1\nd A sel f-Induction coilS in cir
cuit with !3. Thn snme result may or COUJ'SO 
bo secure<l by the winding of the coils. C is 8o 
tho arrnature-<:ircuit, tho ~rrninl\ls of which 
are rings a b . . Brushes c ct hear· on these 
ring'!' and conn('Ct with tho line and field 
circuits. D is tho sh unt or short circuit 
around the arma!ure. E is the switch there· Ss 
in. The operation of these de •·icos I have 
stated above. 

lL will be ol>son·c<l thnt in ~ncb n <l'sposi· 
tioo &Sis illustrated io Fi~. 1, the fiehl-<:ir· 
cuits" A noll !3 being or ditrer~nt self·indnc· 90 
lion, there will a lways l>e a greater lag or 
the· c urrent in ooe thnn the other·, and 
~hat, generAlly, t he armature phases will hot 
correspond with eith er, but with the resu lt
ant ot both. It is t.h~refore importllnl to ob· 95 
ser.·e the proper rn le in wiodiog the arma· 
ture. For instaoce, if the motor have eight 
poiM-four in ooch circuitr-there will bc!onr 
resu It ant poles, and beoce the armatu re-wind· 
ing should be such as to produce four poles, roo 
in onlcr to constituto a true syucbrooiziog 
motor. 

F ig 2: This diagram d ifte !'8 from tbe pre
vious one on ly in respect to the order ot con
oectioos. In tbe pre8ent' ease the arm~nure- tos 
coil. iostead or bciDJ iD series lOOit.h the tield-
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eoile, is In multiple arc tbercwi~h. The nr
Ulnture·"·inding may be elantiRI' to tbat or tho 
Oelcl-tbat is to l>Ay, the nrmatnro anny hnvo 
two or more coils wound or.adnptod Cor diC· 

s Ceron~ seiC ·.induction and adnptod, prefcra· 
bly, to produce tho SArno dltfe1·tnco of phnso 
as the llcld-coils. On Stllrlln;: tho motor th<.>. 
allun~ I~ close<.! nround both coil~. 'fbis is 
~ho"·n in Fl:;. 3, in which tho nrmnturc..:oils 

10 oro F G. To imlicato th~ir different elcc· 
tricnl chnrnctor, I have shown in cl rcul~ with 
t bem, respect iYcly, tha rcsist11nce ll' nnd t he 
self·indnction coilS'. 1'hc ~woarmMuro coils 
arc in tiOries with the fo~ld·coil~ nntl tl•n !'.~me 

JS dbposition or the sb•ict 01· short circuit D is 
used. ltis of nd,·antogo in t llqoporntlon of lno
toi'S of this kind to eon~t ruct Or wln<l tho armo.
turo in such miiimor thnt ,<hen short·circu itetl 
on the stort.ltwill hnvoa tOildoncy to rcnch 11 

10 higher 8pecd than thn~ "'111ch synchronizes 
with tho generator. Fo1·exnmple, R!lh·cn 1110· 
tor ha,·ln;r, My, eisht poles should 1·un, with 
the "mature-coilshort-cirouited, Kt two~hou
SIInd rc'·olutions per mlnuto to hrin:; it up to 

:s ayncl1ronism. It will gcucrnlly hnppen, ho"· 
ever, thnt this speed I~ not' I'CIIChod, owin~ to 
the C11ct that tho 11rmnturc and field currents 
do uot propcrlycorrcspoml, 110 thl\t when tbn 
current Is ]11\S!'W through tht• lll'matnro (tho 

30 mOtol' not being quito up to aynchroni~1n) 
thc•·e i~ 11 llnblli~y thnt it would not "hold 
on," us It i3 termed. 1 tl1crcforo preCea· to so 
wind or construe~ tho motor thnton the stm·t, 
when tho nrml\lure-coil~ aro 8hort-<:lreuited, 

3S the motor ~m tend to rench n spoot: highe1· 
th11n tho synchronous-as, for instaore,double 
the IKttor. lo such case the dlnlculty abo\'C 
nllude<l to Is not felt, Cor tho motor ,.;n ul· 
wnys bold up to syneh roni~ru IC tho syuch-

40 rouou3 speed-1iil the cuso SUJlposc<l of two 
thuu~and rovolu~ions-is r011cho<l or pass<rl. 

· '!'hi~ mny be u~compli•hc<l In vnrlou• ways; 
but Cor nil practical purpo~es tho following 
will suffice: I wind 011 tho armutu1·o two sets 

4S of coli~. Oo the star~ I short-circuit ono only, 
thcrolly producing a number of poles on tho 
nrmtl~urn, which will tend to run tho~pecd up 
&00\'0 the aynchronOliS llmiL When such 
limit Is rcnchcd or passed, t ho current is di-

so T"Ccted thrungh tho otbt1r coli, wblch, by io
creuin~~: thcnumb~r of llfiMturo-poles, tends 
to molntnln ~ynchroni~m. Jo Fig. 4 such a 
cll•puKitlon I~ -bown. Tho motor hnving, 
s.~y. oi.:hlpolcs conlQins two Oold-circuits A 

ss nn•l n, or diffol·cn~selt-luductioll. 'rho nnua
turo hns two l·oils f' and G. The former is 
closntl upon itself, the lllotlor cooncckd with 
tho Uold and line through coutnct,.rings a b, 
bru1hcs c d, and a ~witcb E. On tho stnrt 

6o t.ho coli F n)ouo Is 11ctivean<llllo 1nowr tends 
tn I'Un alii 'P•ed above tbc~)'llchronou.~; but 
wbuu the coil G is cnnneotcd to tho circuit 
tho nnm~r of arrunt urc-pnlell is Increased, 
wwl~ \.he mOtllr Is lnKdO n lrUO synchronOIIS 

65 ruotor. 'J'hlo tlisJX>~i~ion htu~ tho mlvnntago 
thnt tho ciMetl urmutnro.circnlt lonJinrt8 to 
u,~ motor torquo whcu the speotl Cull~ otT, llut 

:\t tho' samo timo tho conditions nro such thnt 
tho motor come~ out of synchronism more 
rCAc\ily. To lucreaso tho tcmliollcy t.o ~yuch· 70 
roulsm, two circuits mny bo used on tho nrcnn
tnro, ono of which I~ sbort.-circuitcd on tho 
~flirt and both connected '•ith tho cxtorn~>l 
~lrcult lifter ~hosyncllronousspecd Is rooched 
or pnssed. Tltls disposition is .shown in Fig. · 75 
S. 'l'hOI'O 111"6 three coniiiC!rrlngs a b e.oncl 
tJ~reo ll1·ush011 c tlf, which conntt-t. tho nr1oa· 
turo-<:lrcnlts willa tho exteroRl clrcuiL qn 
stMHu~,·tho awit.ch H Is turned to complete 
tho connection bc~\l·ccn ono lliodin;t:po~t I' So 
nod tl1o llold-eolls. This sllort.clrcuits ono 
or tho nrmBturo-coib, MG. 'J'he' other co:! 
1•~ Is out or cl1-cuit nnd opeo. When tho 
motor I~ Ull to ~peed, tho Sl'o'i tch Ills turnotl 
b11ek, so thnt tho connection fi'Oiij IJinclin:t· 8• 
post 1' to tho Oold-coils is through the cuil · 
G, and owikb K Is closc<l, thorolly lnch1J.IIug 
coil F lu multiple arc wl!h tho nold·coil~. 
Holh armn~uro-colls 1\rO thus ~Uve. 

Jo'rom tho allovc..!Cllcri~d inslan<'c.• It i• 90 
cvldcut th:\t many otbcr dispositions Cor cnr
ryin~ tlut tho lov~ntion 1\1'0 pp:~illlc. 

I do not claim herein th'o mothod uud 
oiC:\ns dcscl'illcd and ~howo for opornllng " 
1notor lly protlucing artificially n dltforcnco 9~ 
o( cur1...,nt phusc io ita intlcponclont cnor· 
;;izing·clrcults; nor do ~ clcllm, bron~lly, n 
motor hn\'ing Independent cnerglzlnlj'. clr· 
cults of tlltroren~ self-induction nntl armn
tu rc..:ircuit.l connected thcrc~Vith, ns thcao'a<v.o 
l'CAtul·es 11ro ronde subj~cts o! other nppllcn-
tion$ which 1 ha\'O filed. • 

\\'hat I clt~lm is-
1. 'J'bo metllod bcrein deseribtd or opcrllt· 

Inc; tiltcrnntiug·current. motors htwio;.: in•lu· aos 
pcoc.lcot <'ncr~iziu:t·<:ircuits, which cunsi~l, 
iu sho rtrclrcu1ling tho nrmu~ure circuit or 
cil-cui t~ until tho mocor hM rcnchetl Ol' pii»Sed 
"syl'chroni~iug ~P.,~ 1111<1 then eonnccli111: 
snid nnouturc·ci'rcuits with tho o:ttcrnul Cil" c1o 
en it, till set rorth. 

2. The motllod of opernting alternnting. 
cur~·cn~ molei~ havlu,~r field·coils ot <IIIJerent 
self·inducti<ln, wblch conaists In directing Kl· 
torna\ln.r··cnrrilnts !roUI 1\11 e:rtcrnal sonrco 115 
through tho fleld-eircuits only until tho mo-
tor hM rollcbcd a given speed and th on di· 
reeling Mid currents througll both tho Oclcl 
circuita 11nd ono or moro o( the tormaturo·cll" 
cu lts, a, se~ forth. uo 

3. Tho method or opemtio:t nltomatln~~:· 
current motors hBvlng llold·coils of dltl.:rco~ 
selC-Iuductlon, wbich consists In direetlntt al· 
teruatlng currents fro1o Au oxtornal sou reo 
through the'6old-clrculta and ehor~.clrcultln~: • ·~ 
a por~oC thonrml\turo-clrculta, ao<lthen wbeu 
tho motor htu~ Attalootl a .f(lvon 8J1ecd direct· 
lu:; thealterontingcurreotstbrough both tho 
llctcl and onoorruoreo! thonrmllturo-<:ircultA, 
1\S 1\C~ forth. 

NIKOJ.A TESLA. 
W i tn Cl!6C.S: 

' 

RODT. F. GA YI,OIIO, 
fltANK E. HAIITL&Y. 
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·UNITED STATES PATENT OFFICE, 

NIJ<OLA TESLA, OF NEW YOfll<, N. Y., ASSIC1-NOR TO THE TESLA ELECTRIC . . . . 
COMPANY, OF SAME PLAC& 

EL ECTRO'· MA.GNET I C MOTOR. 

Bl'ECilnCATION fonnlng p&rt or Lattora PAtent No. 4~6,193, dat.od Decembor 3, 1889. 

AppUct.doo !led ll•1 20, 1880. Stria! No.~ 11,415. (}io mocleU, 

Tv all whout it may con cent: 
Ue it known thnt I, NIKOI.A TF.~I.A, n snh· 

j1•ct of the Jo:mpc•·orof ,\us&l'i•, from Smiljan, 
l.ikn. 1Kll'tlcr<'nun11'YO( Aw~ltin-trun~a··y, rl'· 

5 ,;;ieliug o.t New YOI'k, in tho couufy nml Stnto 
of !\cw Yo1·k. hrwc iu\·ontct! cc.-tain new :uul 
useful l•nprovcment• in Eloct&·o -l\ln::nctie 
Motor.i, or which the folluwing iA R sped Om· 
tion, refcrcnco l>ein:; hnd to I he nt•compnny-

•o iut:: drawings. . 
This in\'c.ntiC)n rcllllCS to nltcrnAt.ing·cm·· 

rent nlOIOI'S Of lhO !(CnernJ descriptiOn in· 
vonl<ld by me, nnd in which two or more ~n
cr::;l?.in~·Ci reu its n ro employed, throu~h which 

•s alt~rnat.ing cu•·a·cuts tlirr('riug in pl&nse o.&·o 
1•nsscd, with the r~sult of pr<ulucin:; n pro
gressive Ahifting o•· rotation or the poles or 
points of n>nximmn ntt•·nctive ~!Teet. 
~ In prior pat~11L• R&ul Applications I have 

•o ijhown nn<l described variou~ forms of mntors 
of this kintl. Among them nrc mOIOI'S in 
which both onergi l.ing·(·i rcnil~ nrc (\I eel •·ir.a: t.v 
nliko-that i$ w ~ay, both have .lhP. Slime o1· 
apJlroximately the same clcctrkaln·~istanee 

•s mu! sclf-huluetiun-in the opcrnlion of "hid• 
tho ahcrnatlug cnrnmls used O.l'e pl'imat·ily 
or di!Tet·ent phaso. In others the <IIITerl'll<'C 
or phMo is nrtincinlly J>&'o<luc~d-as, ror in -

. stnnce, In c:~ses where tho mntn&·-clrcuitg nrc 
30 of diff(:rcnt rc.,ist,mcc nne\ serf-induction, ~o 

thnt the &;~~me c111·rcn t II h·i<lc<l bet ween them 
will IJo •·ollmlc1\ In one to n grcnt~r eslcnt 
thnn in tho oth~1·, nud tho &-cqulsitu phnso ~if
fe&·ellco secured In this way. To thi!i lnttc1· 

35 cldS>O gcpcrnlly my present ln\'e,ntion relntc~. 
' Tho lag o•· rot.'\~ion of tho phnses of nn nl
terniuin;; emTont Is dirOCtiY. (li'OJlOI'Iionnl tt> 
the sclf-illllnction nnd inve&-,;~ly propo•·tionnl 
to tho resistance or thecircnitlhrt•n:;h wllich 

40 llt<' curreut. How~. Ilene<", iu order to secm·o 
the proper <lifTcrenco of plm><e hctwccn the 
two ruolor-cil-cniL'<, i I is <lcsirablc 10 mnke the 
~clf-incl uction in ono much hi~;hcrnnd tho •·c
sislnuco mnch lower thM the ,;cll·in<lnclion 

4S nn<l&·c~i.,tnncc, rc~pcctil·~ly, inl)1colh~r. At 
th(\ snmc time the magnetic quautitirsor tho 
two pol~s Ol' sets of pole• which tho two cir· 
en It~ p&'O<lure should he ap(li'OX imntely C<illltl. 
'l'h!!SC &1'qnir~mcnts, wh ich I hnvo fou111l I<> 

so e:o;isL in motor!' of this kine\, hnvo led 1110 to 

·the invclll.ioh of n moro1· having tho follow
ing :~cncr:~l chnrntt~ris~iC'i: Tho coils which 
t\ro inr.lmlccl in thnt cn<"r:,:ir.ing-flii'<'Hil whicli 
I~ to· linl'e the hl;::ho&·s•lf-iuduetinnl rr•flk~ o( 

' cont-se "Ire, Ol'l\ l'lli11luclm· of •·clativdy low ss 
l't'SistancC', :ind ·I 11~u the :.:r<'nt.-st l)t)S~iiJlo 
leilgtlt or 1111111 her of lm·os. In till' oth~r set or 
coils I use n comp~ral ively row 1111·n• of liner 
wir(\ or a wil·n of hi;.!'IH·&·n·:.;islnncc. Flnthol'· 
l\l()l'l\ in ord(\1' to upproxiln:lh\ the mngnttlc 6o 
q 11<1111 il i~s of I he poles c•xri I CIT hy I hesc con •• 
1 n:'t\ iu the ~elf-iuduc:tion <'ircuit co,·cs UHIC'h 
longer thnn 1 hos•• in II"' <•I he•· 01' r~stat:\n~o 
•·ircnl!. l 'hnvo shuwn in th e drnwing~ n mo· 
lor f·mh<xlyin~ these featu&·es. 6S 

Fi;:nrc 1 is n pn&·t-secUonA\ Yi~wof tho mo
tor at a·ight n uRh'~ to tho sliaft. Fig. 2 is n 
tliag"l'<l lll of tlw Holcl ·circui t!'l. · 

In Fi;!. ~. let A I'Cili~SNlL the coil• In 
nne motor-circuit, and B thoS<' in th<" othCI'. 70 
The ci rt•uil A is 10 ha1·c thQ hl~:hcr self-in· 
,Juclion . . I th~•·cfm·o usc 11 long length ot· n 
largo ntunl>c•· of tnr11•of COI\I'SO wil-e in {()rill· 
in;: tho C<?ils of tttis circuit. For tho circuit 
B, I UHO a smniiQI' condllctor, 01' 1\ COIIduclor 75 
<lf n higher tX\slstnnco thnn copper, ~uch ns 
Gc'l'mnn tiil \"Cr ot· iron, a net wi nt\ l.hc cni I~ with 
fewer hu·m;. Ju nppl~·iuJ! th<'~<'enil~ ton mo· 
tor I bnild up n ficld-nu&;:&H·t of plnt••A l', nf 
irml or stc .. •l, ~CCUI'C·tl tog.,·thc1· in tho usnnl So 
mnnncr by boiL~ D. E11ch pinto is fo&·m•:d 
with four (more Ol' less) long cores Jo:, around 
which is a spnco to t·ccoil'c the coil anti nn 
e<Jual nnmbc•· of sho~t projcclions F to receive 
the coils or the reslstnn~c-ch·cult. ThC'{>lnt<>s 85 
are generally annulnr in shnpe, l&avin:: nn 
open sp/\C6 in the ccnlet· for •·cccivin;: tho 
armnturoG, which lprcfct·to wind with clos~1l 
coils. Au nlt~l'llllliug cn&Tcnt dil'i•lc•l be
tween tho .two circnil..\< is •·otmuecl ''" to il• 90 
phase~ in tho cir<'nit A ton much :ll'llntc\· c~
tent thlln in the ~h·eult n. Jly l'C:\.,UII Of tho 
rclnti\'O ~iZCA and tlispo~ition of the core.qnml 
coils tho magnctie, caccl of tlw )IOICS Jo: !11111 
F upon tho annaturo clu~<!ly approxima~. 95 
Thoso condition~ lli'O well un<ICt'SIOo<l n111l 
rcndily sccu•·ed by one &killc1l in the nrt. 

An 'itnrort.ant result lll:cur~-.1 IJ_,. th" co~: 
Rtructiou herein Ahown of the motor is, thAt 
the•e coils which nrc desi;:•ied to h~ve tho too 
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hi~: her sclf-lodoctioo ate almoet ,eompletetr 
surrouncled by iron, by which tll'o ~atl011 
I~ con•iclcrublr iocr~MO<I. 

I do not claam heroin, broadly, the method 
s and mean~ or securing rotation by artlftoiAIIy 

produchig a greawr IJig'or tho oorrent Ia imn 
mororocirt:uit than In tho .other, nor tho n80 
or JJOiu or cores of diiToroat Dml{netle aus
ooptlbllity,as tboso aro feGturoe wbleb I ba,·o 

oo R'pcclally ell\lmed Ia other appllc:ntions filod 
by me. 

What I elahn is-· 
I . -An Alternating-current roo tor having 

two or ui'Oro cilergizing-<'lrcalt3, the ~its or 
•s ono circuit bein:; composod of conductor& or 

lnl')(o Hi tO <lr low resi~LIInce nnd those or tho 
othor ·or ColVer turns or wire or enmller sizo or 
high or rosist.nncc, ns set forth. 

2. In no nlt<lrnntino;~urrent motor, theco'm
•o l>inntion, with ·long nn<l short Rold~l'llfl, or 

onOTgiling~ils included in indo(lOodoot cir- ' 
en its, tho coils on tho longor co ..C. contaloiog 

an exeo&~ of copper or conductor O\'Or that in 
~'Others, aa flllt fortl>. 

3. Tbo combination, ..Vith a fiold·mngn ct •S 
cowP<l$0<1 of m11gnolie plntM hnving Rn opeu 
cooter Rod polo-pieces or cores or <IIITorent 
)eolith, Of coils surrountllng snld l'Orllll oncl 
lneludod to Independent clr<;uit8, tho coil~ on 
tbe longer COI'Cll conrainlng no oxces3 or cop· 30 
per over t hl\t In tho otho,.... as act forth. 

4. The combioatioo, with " tlold·mn:;nct 
·compoaod o! ml>inetio plAtes having an opon 
.center nnd polo-piecca or cores of d laercnt 
lco~h, of coils surrouorllng mid cores and 3S 
locftidcd in lollependon't circuits, the ~'Oils o'n 
th'e longoT coroa containiug an oxecss of cop
per ovo'r tbn't In tbo otb~rs nn<l being Kot In 
roc~ In tho Iron coro formed by tho plates, 
as sot tortb. 

NIKOLA TEStA. 
WltnCIISC8: 

ROOT. F . GAYLOnD, 
FRANlo: E. HARTLBY. 
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· J~o>~la u .. .. , ;o, 1ssa. a..w lo. m,.u e. 11o ....w.> 

%b aU wh.om. it may c~mce,.n: 
Bo It known that.(, .NtKOLA., TRSLA, a aub

joot of tho Empororof Austrl11, from Smiljnn, 
Llk:-., border country of Austria-Hungary, 

S reeldlng at Now York, in tho county and Stato 
of Now York,huvo iavontod eortaln now and 
W!Oful Improvements In Electro- Mngnetio 
MotoN, of which tho following Is 11 ApoelOca
Uon. 

ro Thhs Invention relntos ·to tbo alternatlng
cmrnlJit oloctro-m"goeUc tnotol'8 lnvent.Od by 
me, In whlcb n progressl\·o ehl ttlog or' ro
taUoo of tbo poles or points of mulmum 
IU{fllOtlo offoct is producod by tho action of 

rs t.bo lllt(lrnatlng cur ronW. Tbcso motol'8 I 
havo conelructod in 11 groat varlot~ of "ayu. 
Aa lnatances, I ha-.:o built motol'8 wtth two or 
moro euorgizing-eircults, which I connlletod 
up wlth oorrospondlng clroultaof agonorntor 

to so that tho motor will oo onorgizod by alter
oatlog currents ditf~ring prlm11rlly in phose. 
I ba•o also built moton; with Independent 
enorglzlng-clrcults or tl ifforont oloctriClll char
acter or aelf-induction, through which I hnvo 

•s pa880d nn Rlternating current tbo phases of 
whloh wore nrtillciallycllstortod by tho greater 
n~tartll ng effect of ono ciroult ovor another. 
I'hnvo nlso constructed otbor forms of motor · 
operating by magnetic or rlooto·lo lng, which 

30 i~ Is not necessary W desco·lbo looroin in detail. 
although my vrt>scot invention Is npplicablo 
thoroto. In such motora I usn o.n nrmaturo 
~round with a coil or coils, which Is sometimes 
cono~t<ld with tho oxt<lrnnl circuit nnd aomo·· 

35 \I mea closod upon itself, and to both forms 
tho presont in,·cntion Kpplios. In thCIIC DIG
toni tho totul energy supplic(l to cff~t their 
oporatlon Is eqonl to the sum of tloo ~oergie.• 
expeodcd in tho nrulllli!I'C nud tho llold. Tho 

40 powor tlovolopcd, howovor, Is proporllounto 
to tho product of thcsoquomtltlos. This pro
"oolwlll bo gronf.(ISt wbon thiiSO q uo.o~itios tirO 
equal; heoco in constructing n motor I deter
mine tho mM~oflho:mnaturonntl flcld cores 

45 aodthowindingsof ooth"nd ndnpttltotwo so 
aA to CCJUI\117.0 M n~nrly as po!!lliblo Uto mng
noLieq ionntiticsof botlL In utotors which bnvo 
cl06cd nr"tnturo-coils this Is only approxi
tnnt~ly JIOS.,ihlc, M tho energy monirc.,tctl in 

~o tltu ·nnunlut·o is tho result or lnclncelvonction 

from tho other olomout; but in motora In 
which tho coils or both arm11t11ro nnd llold 
nre coonootod with tho oxtornal olrouit tho 
result can bo much moro porfootly obtained. 
. .. I n furthor explanation of my objoot let It ~S 
bo aaa~mod that tho onergy aa rop~otod In 
tho magnetism in the ftcld or n glveo motor 
18 nlooty and that of tbo annaturo ten. Tho 
sum of t besoqo,.ntitiee, which roprosonta tbo 
total ooorgy oxpoodod io drlviog tbo motor, 6o 
!8 ono huodro<.l; but. assuming tha t tho motor 
bo so constructed thllt the enorgy In tbo field 
Is repreeonted by IItty and. thnt In tho armll· 
ture by fifty, th~ sum is still ono hundred; 
but wbllo In tho 111'8t !nstnneo tho product Is 65 
nino boodrod,lo tho second It Is two thousand 
llvo buodrod,nutl ns tho enorgy dovolopod ia 
in proportion to tbcso products I tis cloar thnt 
tb060 motors nro tho most olllcloot-other 
tblng11 boiD!f equal-In wblch tho m111:11otio 70 
energies dovolopcd. in tho nrmuturo and Delli 
nro equal. 'fho:10 results I obtaio by using· 
tho aamo Amount of copper or ampere turns 
lo both olemonts when tho cores o( both 11ro 
OQUAI,orllpproximr~toly so, and tho aamecul'- 7S 
root onorglzos both; or iu oasos whore tho 
curronts lo ono olomoot aro loducod to th08e 
of tho other I uso in tho Induced coils tin 
cxcoss of copper· over that In tho primAry 
olomoot or conductor. s~ 

Wbllo I know of noway of llluRtratlngthls 
lnvontloo by a drowiog such as will meet 
tho forrualroquiremcntsof on applloatloo tor 
pntont. I havo llppendocl for convenlooco u 
convontlooalllguro of a motor such as I em- Ss 
ploy. I would &tato, however, tb11t I believe 
thnt with tho problem boforo blm which I 
hsvo herein stnted, llDd tho aolntlon which I 
bavo proposocl, any ono skilled In tho nrt wlll ·. 
oo nblo to corry out nnd npply this inventlou 90 
without dlmoulty. · 

Gouornlly speaking, if tho mass of tho cores 
of nrmnturo 11nd fiold oo oqunl, tho amo.uot 
of copper or. nm~ro t urns of tho eo,ergizing
ooils oo both should also be equnl; but thoso 95 
conditions will bo modified in woll·nntloratood 
Wllfll In dltroront forms of mucltloo. It will 
bo ondonstood that these results aro mcstad· 
vnntagoous when existing undor tho con
clition~ presented whon tho Jootor Ia ruonlng '"!' 
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wl tb ltiJ nortnl\lload, an<l In CArry In~: out the l. An oloctro-ro&llllotlo motor having 1\old 
Invent ion this fa~t should l>o token Into COD· nod armoturo magnets ol OQU&I strongtb or 
1hloratlon. magnotlottuantlty wbeo oner'fliod by aglvon rs 
• Uo!orriolt to tbo dm,..ln , A i~ tho field· current, 1\S oct !ortb. 

D 1 ro armature-coils, <>f tho motor. c<>mlllnAf.ion, with lleld and armAture cores 
· 'l'ho motor!' described In this nppiiMtlon, of oquol mASA, or onorgizlng-colle contalnlu~t 
OXCOpt 1\8 to tho fcnlui"C9 8p<:cl0cnlly poiootcd COIIIII IIIIIOUnts o r COpJ>Pt, AS horol n 801 fOrth. r o 
out in tho cl,.,ionll, nro d.iserillcll nrul clnimoo NIICOJ.A T E.'>LA. 

10 In prior pAtents grnnte<l lo nnll npvllcnt.ioM Wltuo:.sc.1: 
~led by 100, nnrl R1'<' nut horci n. dnitncrl ROOT. F. GA YLORD. 

Whnt I ciAiDI is- FRAil~< E. HARTLEY. 
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To all wh.om iJ; may concern: 
oc•it known thnt I. NtKOJ..A 'l'ESL .. , ll sub

ject of lh~ F.mpcror or Austria, rrotn Smiljnn, 
Likn , btmlcr Cl•untry of An~Lrin·llungnrf, l'C· 

; ~:rl1ng 1\t Now York, in the county nnu l'iLIItO 
<)C New York,Juwo inwntctl ccr!Jiin nownnd 
C1sdul l mpro1·cmont:l in Ele<!lro • .\lngnctic 
Motors, of which tho following is n spcciflcn· 
lion, reference being Juiil to the drawings IIC· 

"' c6mpnnying nnd !ormiog a part or th o samo. 
'fbis invention 1'('11\tes to that !ol'ln or II Iter· 

nnting-cnrrcot motor invented bymc,ln which 
1here nrc two (lr more energizing-circuits . 
through whtcl1 nltc111nling currentd difrering 

1 s in pltll$0 11re en used to pns.s. I hnvo In prior 
pl\tcnta nn<l npplicnlion~ Hhown vnl'ious Corms 
or types or this motor-lit,.!, motors hnviug 
two 01' O>Oro cncrgitin~-<:ircuits of the SlllliO 

clcctrleal cbnrnct.er, nml in the opcrntion of 
•o which tho current~ u~NI di/fe1· primnrily in 

phase; scc6nd, uiotOI's with n plurality or cu· 
Cl'gizing"·Oia'CUilS O( different Clectri(:,f\l (•hiLl'•· 

c.cter, i11 o•·lly mcnns of whi~h tho <lltTcr~nce 
u( phnsc iM )lrOdnctd llrtiliciaJiy, IIIIU, third, 

?S motors with a plut·:~lity of cacJ1fiziug·<:ircuit;J, 
Lhe curront.s in one J.w.ju:,: imh~t:Cd from 
currcots iu · :mol her. I s~nll hcl'oint\fLCI' 
ShOW thC? 11pJ1licaliOII O( Ill)' [II'C~Cnl inVCil• 
tiou to thcso ~cvcmllypcs. Considorin;: the 

JO structural ond opernt ivc couditions ot nny 
one of t.hcm-a.•. fo•· e.xoonplc, thnt first· 
utun c,l-thc na·matnre which is tnmmtcct tn 
rotnto in ollc•ticncc to the eo·opcrl\livc in
llnence or oct ion or the cncrgizi ng-ci I\! IIi ts hns 

35 •:oild wouull upon it which nre closccl upon 
t hemsch·es n tul j n ~·ltich currcu L'\ nt·c iu<lnC'<"-1 
by thccncrgizing-curr('tll~ wiU1 the ohjt-el nnd 
rcsu lt or cuO"f"o~iziur: than •·nu\tu rc..coa't': but un· 
der nny ~uoh ~on<litions ~<S must e:otist in these 

•" 1110tor~ it iA ob1•iuu" tl.~t· ll certllin ti1110 must 
elr.ps.! h~t.wccn ~h., lll>lllifcstntion~ or nn en~··· 
t:iting·CUI'I'<'nt ini!HliSO In the ficlcl·cCiils, n.ml 
1ho cor•·cspomli11;: mt\~nclic~lalo or phn.,c in 
l hC: armnturc cstabli~·u,.d by tin" current ill· 

4S duce<.ltht·r<'lly; couscq ''cull y n ~i \'~'' u1u~n\~1 ic 
inOucncc Ol' crrcc~ in 1lu1 fh·l<l wl>id, i; tho lii· 
reCl rll$Ult Of a primnry•Clll'l'ct:l impul.o.(' Will 
ha·vc beconae an oro or lo~s WNt.ken~ll or h'st 
before tho corres'pon<lin:: elfect iu tho nrn\11· 

so ture i ndiN>Ctly protlu1·1lt.l has re&chetl II~ 
mui.num .• 'l'bis i~ n cooditlon unfAYOrr.ble 

19 Nikola Tcsla 

to e nlcieut wot·kin~ iu cerl.ain eases-us, !or 
insl'\ncc, when tho progrcs.~ of t he l'l!sult~•nt 
poles or poi tot~ of mn:dmum nttmction I~ very 
gr;>nt, or when n \'Cry hi~:h lllllnbcr of alter· SS 
nil !ions i~ cm[lloycd-for It is appnre,t thl\l 
n SI·I'On:;c•t· tc nclcttcy oo roUitlon will hO mnin· 
tnluecl if the nu\ximnm onagneHc nUmdions 
or contlitions in hoth Mmnt;u-c n111l field (.'0· 
incide, the cne•'!!'Y davclopccl by n motoa· bo· 6o 
ing.mcnsnretl by tho p1·oiluct of the llllll:IIOtir 
<)UIIntitics o! t.11o nrmaturo nnd tic hi. 

'fhc object-, therefore; iil' this JnvenUou Ia 
to so coustrttc~ or organize these motors t hat 
tbc rnaximn or tho mngqcllc ertects o! t he Gs 
two elcment.s·-thc n1·matu1-o &nd ticltl--l'hnll 
mot·o l1cnrly coincide. · :rhl~ lRA:'compllsh In 
varion~ ways, which I nmy h~st cxpllllta by 
rcfcrcn~c to tho drnwings, In which \'llriona 
f>luns tor RCcotul'lisliing the desit'cd rcwlts 70 
III'C iJiu.~LI'Dtcd. 

Fig1tt1' 1• This i< n dingrnmmntic illustr&· 
t ion or n motor~ystom ~ucb 1\6 I have described 
ita my I>rior t'nhluls, flml In, which the nlter
nntlng cnrrctt t~ pt'OCCcd !ro:n lnueptuilcnL 75 
SIJIIrCo'S nu<l <lifrcr prhiu\rily In phAse. 

A olesi!(ll8tc~ the lieltl·m&;rnot or mflgnc\ic 
Crounc of, the motor; B ll, opJIOSitely·locnt6d 
polc·pl<'c~s ntlupt.etl to •·e.cch·e tho coils orono 
f'UC't'giziug-cil·t·nll; and C C, similnl' pole· C: .. 
pic,·cs for tho coils of tho other cnergltlng· 
cir·~uit. '!'IIese circuits nro dcsignatctl, rc· 
spectivcly, hy D E, tbo conductor I>" Corm it•;: 
n C(llnmon rclnro1 to tho gonomtor G. Jl-.. 
tween these poles' is mounted 1111 ~~rmatm·,~-- Bs 
for c xnmple, n ring (lr nnnnlnr m·maturc, 
"'ollntl will\ 11 se•·ir.s of coils F, forf'l\ln!l " 
closoo circnit.or circuit~. 'I' he notion or op· 
er&Lil!n of r. •no1or-tbus coustructetl i~ now 
.,·ell understood. It will he Clb<orvcd, how. 9<
ovcr, that tho rungnoti5m of poles B, fol' ~lr· 
nmplo, established l.ly o eurrent.-imptilso In 
t,h~ coils t.horcon, pr~cP<lcs tb~.mn;;netlc ert~t 
•N nr in th(\ llllnattll'G by thl) indncctl """" 
rent in cuilo F'. C'-onscqucn\Jy \h.e mutu;,l 9' 
nttraction Lct,.ccn tho nrmntnru 8n•l fiel•l· 
poles i~ccnsicl or~ hly •·erl o:ce•l . . 'I' he sa mu coll
tlition• will ho round to c.'"'t ir, ill:ilc'"l t•r 
A'-Sllming t ho pole.~ B or C ns nctiJI~ inuo· 
pendently, we re:;nrd H1A hlenl t'('sullllttt nf 1oc 
bot h ll<·ting U~gether, which is the '"a! condi· 
tlon. To remedy this, I couatrud.t.ie •••"tOr'· 
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liel<l witt. ~C<:Oll•lm·y p<>lc:~ B' C', which l\t6 
situl\tO<l l>otweon the otho•·~. · 1'hese. pol&
piecos I wlnu with coiiM f)' W, tho former in 
deri\'nt.iou to the coil• !>,tho lnttcr to ooils E. 

5 The nu•in or prillu<rycoils l>nn<ll-:n•·owouml 
fo\"" <lirteront sef-hulnct!on from thR.t·of !he 
cnils J)' nn<l F.', the·,·el><tion~ l>ci11g liO fixed 
thnt if tho currents in D nnd K<lif'l'er, forex
nmpl~. l>y 1\ qun•·tor-phnsc, ·the currcl).tS In 

•o exch seco11dn•·y coil, >IS D' E', 'I' ill diiTe...C•-om 
thoso ia ita npproprintc pl'inuu·y D o1' ~: l>y, 
st.y, forty-fivo <Iegree•, or oncrcighth of n pc· 
riod. 

I oxpl~iu tho Mtlon or this motor· M fol-
•s lows: Assuming thnt 11n impulst> .or Rlternn

tion In circuit or lmmch E Is just beginning 
'!hile in the l>rauch.·l> It i~ ·just fruling from 
l!lnximum, th& conditions ot a qmuter-phP.SG 
dit\'oronco. Tho irlonl re~ultRnt or tho at-

>o tradivo forec.;·of tho two setA Q{ poles n·c 
ther .. foro r!'•AY 1><1 consldored ns Jli'Ogresslng 
from ~lcs ll to polcn (; '~hile tho ilopulso in 
E is •·•sing to mnxhnum nnd thnt in Dis fall· 
log to z~ro or tnioinuun. ThOllOinrityGCt\IJ) 

•s in th(.\ nrmnt111-e, howevet·, .la~;S behind the 
maoif..stncioon Q._t field mngn~tiam, R:><l honce 
the maxiiuum points or nttraction In nmu•
tlire and llclu, Instead o! coinciding, lire ati
poularly di~placcd,. 'J'hit~ oil oct is~'Ountel'I\Ctcd 

JO by the. ~upplo111ental pola• ll' .c:. :rhc. mag
notic phll-!J('S ot t.bcso potos succceu tliose ot 
1>9lcs ll C by tho anmo, or ·p<mrly tho. s..n1e, 
rl(lriO<l or time a8 olnpsos l>etwoon· tho of'fcct 
of . tho poles n. e n.nrl tl•o corrcspontliug in·. 

JS ducoo tlfect in tho nrruntn1·e; hence tho tUIII(
notic conditions or pol~8 w. (!' 1111(1 o( the· 
nrm11tu•·c moro nMI'ly coinci<lo nnd a bcltot· 
rosult is obtnine<l. As poloo B' C' net in cou
janction with tho polc.s in tho 11nnnturo es-

40 tablishe<l by poles IJ C, ~in tum poloo C Jr 
net similarly with the J)olcs sot up l>y ll' C', 
l'OSpecli\·ely. l.Tr~<ler such conditions tbe rc· 
toro11tion of the m~~.gnotle offocto£ tho nrml\· 
tuN an.d thnt of tlto secondlli-ypolc,a will b1ing 

45 tho m11xionum of the· t'<o more .ne11rly into 
coioddocce and n cort-esp<ioli;ngly:strongor 
torque or mognetic Ritro.ction becured. 

In aucn a dispoeltioo n5 is shown in }'ig.'l 
it will be obServed thnt P..S th~.ndjnc,)nt polo-

so pieces of either circuit n•·e of liko polarity 
they will hnvo n ~ertniit wenkoning effect 
npon ooe nnothor. l thet·cforo prcf('r to re, · 
move tlio •econdi.ry poles from tho direct. in
flu once oi tho of.horll. This I IM)' do by eon-

~5 &truoting 11 ouotOI' with two lud~pendeJ;t ~et.e 
ot fiolda, an<l with oithcr ono or two'nt·matllres 
oloctrlcally connected, or by using t""o arn>n
(.Urcs aucl one tl~lil. 'l'hcso mo<lil\catlooswill 
ba ilhtstrntoo heroinr.ftar. · · 

~o · Fig. 2 is n di>4:rammi\tic il!u~t•·nti<m of " 
motor And .11ystom in which tho. dift~renco or 
ph 1>.00 is 11Ytltlci11lly producod. 'l'he>·o nro t'•<• 
coils D D iu one branch aud two coil~ E E in 
tho other l>rnnch o! the maio cit-ouit . from 
tho generator G. 'fhns0 two circuits or 
bmoches r.re ot dletoroot selt-indocUoo, oue, 
&8 D, being higher thAn tho other. ·For coo-

vcnionco I Juwo lnuicate<l.,bis by making 
colla T> nn1ch larger than coils r:: Sy reASon 
<>! thiR diiToronce in t.ho !)lectric.-1 ~haracter 70 
uf tl1o t.,.,, circultK tho pl1aee3 o( CUITCnt. in 
ono n•·o rct~rdcd to a grea~er extont thllJI tho 
o~hor. · l.l>t this ·diiTerenco be thlrty ·dogrces. 
A n1otor thns constructed will rotAte 110der 
the action of au nlteruRtinJ.C cuueut; but 11!1 IS 
hnppens In tho cnse pro,·iously dMcribo<.lthe 
corresponding .nlr.guetic.oftectn of tho atml\• 
tnre and tlolrl do not coincide owing to thn 
time llilt obpses between n. given •..ngu-.tic 
effect In tho arm11turo and tb<1 cvoclition of 8<> 
the field thnt produces it. I thercfvre om· 
ploy tha sooondnry or supploOJent.al poles U' 
C'. · '!'Mr~ being tltirty der.•~cs differonce of 
phnso bct~·oen tho curronts in coils D E, rho 
mnguetic olfeots of poles !J' C' Rhot>ld COI'l'C- s, 
apond to that produco<l by 11 em·r~nt difl'orir.g 
ft'Om the curront ;u eoil!! D or H by fifteen 
<logreca. 'l'bis I mny occou•pli•h by winding 

· eo.ch supJ::cmeutal pt>lo B' C with h•o coils ll 
II'. 'l'b(> coih II Arc inclndocl in a derivt'd cir· 90 
cuit having t.ne same ~.elt induction A.•c\z'cul~ 
D, r.nd coils II' in a 'circuit having tho !IAI'fte 
nolf-induction '"' circ~it.E, so tbnt if those Clr
cnits diltor by tbi rty <legrooa the '""gnetism of 
poles ll' C' will COI'rtiiPOOd to that produced 9S 
by a current dif!orin~ from that in oithor D 
or·E by flftooo clogrees. 1'his ts truo In RJI 
other· casl.)8. Fo1· eumplo, I! in Fig. 1 tbo 
coils D' E' ba r-splacO<l by t.ha culls U. .B' iD· 
eluded in derived circuit.;, thll magnetism o! 1oo 
tho 'polo~ l:l' C' will oorroopood · in <liT oct .,,. 
ph'aso, if it m11.y bo eo tormo<l, tO t.hnt ·pro
duced by' n ourrent dHf~riot, from tb11t in · 
cithot· ch-e11it D orE by fm·ty-ll\·o .!cgro<lS, or 
ono-oighth o! " pcrlo<l. 1 os 
. This invention as applied to 11 <iwiv&d-oir

cuit motor is illustrated :n ltiga. 3 aod4. Tho 
.formor is s.n end view 'of the motor with tho 
MUlnturO in section nod a diagrRtn Of\CoUDCC· 
tions, nn<l J.o'ig. ~ a vertical section t.lirough rr• 
tho liol<l. 'l'heso tlgures nro nlso W1\W.O r.o 
showo·ao or tbodicpositions ot two .ficlds that 
mAy I>~ odopto<.l in cnrryinc out tho Invention. 
Tho 'poles B D C C 11ro in 'ono field, tho ro 
mn.inin~r polea in tho other. 1'bo former aro 11 s 
wounu witl: :>rimary coils I J nnd accondar:r 
coils 1' J', the ln,t6r with coils KL. 'l~loprl
mary coils I J nre In dorivcd oircuita, betwoon 
which, by Nll<.'JOU or tboir di!Ioront so!C-induc· 
tion, thoro ia l\ dilfOI'OflCO Of pbaS&, My, Of 1>0 
thirty degrees. 'rho coila I' K are in circuit 
with ono Rr•Otbor, 11!1 aloo 11ro coils J' L; >\n<l 
~h()r(i should boa 'dilt'oroueo of phn-6<> betweou 
tho currents In coils K and I; 1\Dd their cvrro
SQOodiog primaric& of, s:.y, Mto<Jn tlcgreM. 12~ 
It the pol~a B C c.ro at right &nglcs; tbo arm:.
Lure-ooi~~ should bo.cooo()Cted dir'l<:tly tiOJ:Cb!, 
or a $iDgle armaturo-·coro woan!l from ood ~o 
end may bo uae<l; l>ut Jr tho poloo n C b~ in 
lino tbE>re should be IIU<mgutar diupl...comeu~ 130 

vi the ~~rmaturo-coi).Ja, M will bo -.on ·uoder
·stood. 

The operr.tioo will \:<1 nud$rstQO<l !rom tbo 
toregolnH. The OlJUimum I!Uig1letlo condition 
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of II pail· of pole<., 1\S 13' 13', ~oinddes dose!)' 
wit.h the mnximnm effect ir1 the n.rrn11tnre; 
v•hi<'h lugs bohind the COI"re..<ponding condi·. 
tion in poles n B. 

s There Ill'(' """'Yother wnys or Cl\tTyhlg Ollt 
this in,·cntion. but they all invoh·e lho s11me 
brond principle of construction nnil operation. 

In us;ug ••xp1essious h<'rein to ill'licute n 
coinciden~e of thl.l mngnNic ph~os or etrccts 

ro in ono set or !i<'l<l·magnets \nth those sot up 
i:1 the nrmnh11·o by the othor I rcr~r only to 
npproxim:~te resnlta; but this of course will 
be m;dcrstood. · ,, 

Wllat I claim Is-
's L In M nlternliting-cnrrent motor, the corn
, binution, witb an armntnre wonntl "ith dosed 

19• 

coils, cif mAin and supplemlln!nl field mngnot.s 
or poles, one set of which is ndapted to ox-
hi bit their maxirr.um m11gnelic etroct simnl· 
tlluCOU$Iy with that sot up in the &l'mnhu·o •o 
by 1he aclion or tile other, ns sot fortlr. 

· ~- loan eloct.rO·Dlngnotie motor, tbe combi· 
nlllion, with 1111 nr1unturo, oC a plurality of 
fleld or eMrsizins coils ineludc<t rt'8p<>Cti vely, 
in ruuin circuit~~ adAptod to produce A glvl>u os 
diiTeronce of phMo nod supplem'lniAI or soo
Oll(lnry circuits adnpted to produce nn i:nt.~rr
nrcdiatc diiTcrcneo or phase, M wt forth. • 

WitncSl!os: 
R. J. STOl,'l:Y, Jr., 
JOIIII Gti.I.El\Plll:. 

NIKOLA TESLA. 
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Tt> tltl wh..mn it nur..y Cml.CCI'tt: 
ilc i~ known that I, NllCOl.A 'I'F.Sl.A, u. suu· 

jc•ct of lh<' Empcrnt•of AuSLt·ia·llungary, f~t·· 
IIH)dy ()( Sm i lj~CU ,Li ka, uor<lcr I:OU II l.•·y or A \IS·. 

5 l ri:vlluugnry, but. now t·csiding at New York,. 
iu tho cnunt.y and State of New York, h;wo 
iu,·cntecl certain new .. anti· uscfnl lmpi'O\'C· 
HH:nt ... in )J(}lhods of Opct·ating- Ei~ctrO·Ma{!· 
Hd ic )~otor:-;. of which the roUowin;.: is A :spcci· 

IQ rk:lli'-lll, l'f!fCrCH C'C hCill~ had(,() lJ)O drtl.wiug 
:H:c.:otn p:my i ug an<l fot'l ni ng- ,\ pnrtof tho sa. me. 

lu a pat,·n~ ;p·anteu to me April J(:, lSS~. 
!\o. ·lOJ . ~:?(1, 1 h:1.vo shown and dcSI:t·ihcd a 
IHC'Lbo<l of OpC1'iLlin:_; :\ltCrn:l.ting·CHtTCUl tnO· 

'S l.QI'$; Oy Hr~t. shift.in; or rot:\t'ia~ t.hcir m:t;!· 
netic poles uutilthcr lutrl r~achc<.l o•· passed 
:\ syuchrononsspccd auc\ thon a.lt.crnatingt.ho 
po)c.!S, or. in oth(;r words, by tra.n::;.formin~ l.hc 
motor by n clu\nj.;,e oi cil·cu it-connection::; from 

10 ono operated hy the a~tion of two or more in· 
dcpcu<leu t oncq;i?.i ng·en rrcn ts to :1. motor op·: 
Ol'nt.cd by n siJ.lglc curre-nt or several aNing 
:ts one. 

Tho present Jnvcntton is" spoeific way of 
25 c:w~·ying out. thn S.'uf1¢ invC'nLion; nud it cOn· 

sist.s in the following method: On the st;u-t 1 
progres:;;i,·cly slaift the 1na:;nctic: poles of one 
~lcm~n~ or Jield of the 1110· · by altcrnat in:; 
en rrcnt.sd i ITcr i ng in tth:tsc r. pa~.:;cd t.h rough 

JO uulcpcnclcnt. t nurgizing·circui.t:-; :tn<l short· 
ci rcuit the coils of Lhoothcrrlll,mcnt. \\'h en 
tuc moto•· th us ~tarte<.l 1 c:~chr.s or pass,~ the 
limit o! speed syuchrcmous with ti~o ge.nera· 
tor, I connect nr the evils previously :<;ho•·t· 

35 circuiLcu with" source or eli red tiii'I'CDt an<l 
by a·clmng<: ;()( the circuit-connections p>·o· 
ducc n simple a ltercation of the polos. 'l'ho 
wotor t~cn continue:-; to run in synd&roni~nt 
with t.hc gcnc•·atN·. 'l'!l CI'C ili'C lnany spCcific· 

40 alty·ditTcn·.n~ w:tys in which Lllis may 1J~ c:u· 
ried out, but I hn'·" so.lecte<l <>n~ for illust.r:tt. 
ing the principle. "l'hi• i~ iiiiJsl r:ttc•l in t.lto 
annC.lCfl drawing, which .is :1. side \'inw o( n 
motol' with a. diagram of tho circuif~ and de· 

45 Yi cc~ used in the s:;~tcm. 
T ho motor shown is ono of the O•'dlltary 

forms, with field-core~ cit.hC'r la.miuntcd or 
solid :tnd with a cylin<.l•·ical lami n:\!CU 1\rlll:\ .. 
turo wounU, for cx~uuplc, with t.ho -.:cnts A B 

so :lt riglJt. a ogles. Tho ~h•Lft. of the annaturc 
cr.l'I10s'lbreo collc~tin<: or C<ll!::tct rings U D 

R (Shown, for h~UCt' Illustration, as of dif·· 
f<H'Cn t cliatuctcrs.) 

One cud of l!Oil A <!O)tnrcht to ono rin~, as 
C,'an<l one end (lr coil II connects with ring D. SS 
Tho t·cmainin;:- .cnds nrc conncctc!lto ring E. 
Collcct.ing sprin~:s or uru~h cs F G H bear 
upon ~he r,ings and lcatltC> tho ".Ontact.s or a. 
switch, to ho hc•·ei n<Lftc•· <Ieser: bed. The field· 
Mi ls h:wc, th eirt<mninal~ in binding-poR!s K 6o 
K, and tnay uc either closed upon themselves 
o•· connccwd with n source of direct curren~ 
T. by nt<:aM of a switch M. 'J'he mnin orcon
trotlin~ switch has five contact:$ <L b r; tl c nud 
two lcvN·s f y, pivoted nn<l connected by an 65 
im.mlntin~ Cl'OSS~ha.r h,so ns td. movo in pnrnl· 
lcli~m. T hcso levers aro .c~n nccted to iho 
lino·wil·c.~ from a. sou reo of nltcrnatinll' cur· 

·rents N. Con;act'tt is-connected to tirush,G 
and coli ll thronp;h a dend·rcsist:mcc Ran I 7" 
wiro P. Uontt\Ctb is C<>nnccfcd \\'ith brush 1' 
am\ coil A through n self-induction coilS and 
wil·c 0. Contact~ c nud e aro connected· to 
ha·ushcs G 1~', re!-pt'.cti vcly; t.Iu·ough tho wire~ 
P 0, and contact(/ is uirectly connccw<l wi th 7; 
\>rush H. 'r!Je 'lever f has a widened end, 
which IU:\)' sp:m t-ho eontacl~ a b. WhN• in 
such position :wd with lcvor g on contact d, 
t.ho nlt.<mtutiug currents d i vi<l~ botwcon t.l1o 
two motor-coi ls, nn<l ~'Y roason of their dif· 8o 
feren~ ~elf-induction a diffcl'<:ncc or currcnv
plwsc i$ ol.lt.~iue<.l thnl· s tarts the mo!.Or jn r<>
lation. Jn . .;.tartin~, ns I htl..\'O allovc stated, 

·the fiehl-coll• arc short·cir~uitc<l. 
When l·hc motcr 1tns att a ined tho desirro 8s 

•pcc,1, the switch is shifted w t he position 
~hown iu UOtlCU linc~-th:1l iS to SILY, with ~ho 
lcve1-s f !I rrst i ng on poin t6 c ''· This connects 
lll) lh(\ two ann:&tll rC·coils in scric~, a.ld the 
uwtot· will thcu rnu :'l.S a ·'YIH.:hl'Onous motor. 90 
'!'he- fi~hl·roils :1rc tht·0wn into ci r~u it with 
t.ltc dt'rcct·cnncul source whcu the· mnln 
~wi tch is ;;hift.e<.l. 

\\'Ita~ I cl;.im herein as my in,·cntioll is-
1. The O!(•thocl of operating electro. mas· ?5 

netic moto1·s, which consi~t~ in flrs.t pro;rcss· 
i\'cly siJift.ing or rota.ti o;; the ma~nt!tic polo& 
of one clyment until i~ h:>.s re•tche<l "~yci<:h· 
ronou~ speed and then alte~·nllling sni<l poles 
au<l J):ISsin:; :1 direct current through the coils :co 
o! the nth~t .. ~l<:mcnt> ;ts herein se~ forth. 

:l. The muthod of oncratin:,; oloctro ·mag· 
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n<!lic tnO{OI'!I, wJ.ic!J cous1st.~ inxfoorki~uit.
iu:; lhC<."'il,!l o( one <"lctnont.. n.<t the ficld ·111n~· 
UN, aut) fU\S.,ing thrin1gh t.hu encrgiziog·cniJS 
of Ibn Other tlelll~lll, a!.lh<' MmAtliT~, nltCr• 

5 nati.1i;: c:urrcoLq tlitf~rin:.: in ph:t.c;(". anO t-hen 
wlleu !hu motor na.~ nU•unllO "gh·<'n speed, 
f:l.'"<.S!ug throu;;h rho fi~hJ.<:oila a direct cur-

• 

r<'nL nnd Lho'Ou~h the nrm~to~~~~~ nlrornft r, 
iug currc •• t.~ <:oinciJing in phMo.. 

w itncs.~e.· · 
ll J . STO~"l:Y. Jr., 
E. r. Co•raN . 

NIKOLA T£SL,\. 
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Io rdt whrm• tt m.a.!J concern: J F i;;•u·o I is n. sid" \'icw of tho moto1· .in olo· 
Bl,llkllownthatl,NIKOLA.'J'r.:si.A,n.suhjel'~ I vatiou. Fig. 2 .ls " pMt-scetional view nt 

of the Jo; mp(!l"Or or Austria - llnng<\1')', from l'igl)t hHglc!i to Fi\ ... 1.. Fig. 3 i~tftll end vtow sc 
Snti ljan,l.ikn,t>onlcl·cpnnt.ryof Austri:'t·Ifun-1 in elevation fUI<l i~JLrt xcct ion of a mot.lifiCa- · 

·S ;.::try,rc:·d~ling~t- NcwYo_,·k,in tltcco.Hn~.ynncl l tion,_ J~lHl _Fig. ·! i:; n similaa· view of another 
!'t~tc of !'\ ew 'l: ork, ila \'C 1n ''Cll ted ccl'f.11m new mo<l l hcn.tiQ;l. 
:\nd uscfu llmt•rovcwcut~ iH Electro-Magnetic l Iu Fig$. 1 nml ~ •. A dc::oiguatcs a baso ot 
:\~otol·s>vf \vhich Lhc following is a ~pccil'iet'l- st~\ll(l, :~ud 13 n .tho supporling·ft·amc of tho Go 
taon, l'<:ft•l'CH<:o being hrul to tho drawings nc- I molOl', no1tod to tho said suppol·ting-frnmt\ 

ro companyiHg aaH.l form in;{ n p:ut o.f 1hc ~a me. j :tr._~ two mngnotic corc~Ol' pole-pieces C C', of 
I hn\'c in\'cnle•l nnll elsewhere <lcsc>·il!cd ' iron or' soft. otccl. '!'hcsc mny bo ~ubdividcd 

·'" clccli'O·mn:;ne~ic motor opcrnlcu or adnpted or )ami natcd, in whicll'CIISC h•u·<] iron or steol 
tu he O!ICr:\lcll by an allcrnalini(clcetric cur- ·pln.tc3 or \)n.rs Ahould be n~ed, o1· they should <>s 
1·ent,and which is nowr.omn:onlydcsignat•:•l. l.>c womu.l .wlth clo~od coils. Dis 11 circular · 

15 wh,•t hc•· correctly m· not, a "m~guc~ic-lng " disk-nrmn~nrcbnilt up of .scction~ or platos c-f 
moto1·. The mnin cliMinguishin:; fcxftll'CS oi ii'Oil and ·mountc.l in tho fmmo between the 

· I his lliOI<ll' nrc tho follow ing: Au armatmcis pole-pieces C C', \rbich latter nro pro(crnbly 
monntcd with in t il c mngn ctizin;.: in 0 1101:~~ of c11 rveil to coliform to the ci rcu ln1· slmpo thCI'O· 70 
a certain llumberof lield magnctso1· poles of · of. I 1i111y " 'hl(l this disk \V.itll n. numbe1· of 

:o different magnetic snsceptibilit.y-thnt is to closcll coils E. F F arc the mnin energizing· 
say, po<cs of nnequnl lcngtl>, mass, or com- coils, supported in nlly convenient manner by 
I>OSit ion-and "'OJ: nd with coils tulnpted in the sn pport ing-frame, or otherwist>, but so t•s to 
tJ1o opcmtion of the motor to ho ~Ollncctcd includu . within ~heir magnetizing lnfluOIICO 15 
ton source of allornating curre.nts. When both the polo-picccsCC' n.ml thon.rmaturoD. 

•s nn_ alternating current is pnsscd tlu·ough the I The r:ole-picccs C · C'. pl·oJ<>c~ on~ beyond 
C01Is of suc·h ~~ mol or, Lho field mngnots or 1 tl•e coil~ l· F 6n oppo~1to s1des, !IS m<hcated 
l)OlcsdonotaJ,pCal'tom:udicst.thci_rntta·acth·o in t-he llrawing-s. If an nlt<'rnnting cnrreut 
ctrccc upon the armnturcsimnlt:.ncously, t.hc ' bo pnssc,l· through tho coils J.' F, t·otntion of Su 
mngnctic att1·act.ion of some ~tppc;tring lO lng the nt·wa.!Ul'C wil1 hl' pn)(luc•~d, n.tul ll\is rotu-

JO hchind thnt of <>I be•.,;, with L.hc •·c~•lit •>f pro· ,lion I explain by tho followin;; appnrent ac
<lucing a torquo anU -t·of:ll.iOn of lite motor. j t iuu ot· wo(lc of npct·,ition: An impulso of 
(.;~nerally I hnvc. madt: :-;;uc,ll mo(OI':O. wit.h ~~1 c.urr~ttt.. in the coils F·J~ cs1 :\blislu~~.two po1nl'i-
dO$cd.lll'mntm·e·cOlls. t1cs "' tho mot61·. '1 ho protrudmg on<l of Ss 

I ha\'e in\'Critcd anot.hcl' fur111 of motot·, ' pole-piece c, for 'instanco, will be of one $ign, 
35 whicl1,for s imilar 1·ensons, m:ty ue cal lc•l n. :ttllliiHlCOI'rcs~cr"lingcndorl'Oic·pieceC'will 

u}otJ.gs\Ctic-lag•) motor; tmtin opur·ation itdif- be of the oppo~ilc sign. 'fhc nnnatnro also 
~rs from th n~ which l hnvc abov() des<:l'ibcd exlli bi ts two pole~ M right nngics to tho coils 
in tbn~ the ntu·active effect;; Ol· phascs of the I F ·F, like pcles w thos() ii1 t ho po!c-pioocs 90 
pole~, while la,;,:ging !.>china tho pha~c-~ of.cnr· , hein;? on ~he snmo sitlo of tho coils. Whilo 

40 ront which proclncc tllCm, aro man lfGSted si· the current is ftowi n1; there is no n.ppr.~inbio 
multanconsl.l' antlnot succcssil'ely. . to>.HlMcy to 1·otatlon devclopecl; but aftor 

To C:ti'I'Y out this inveulioi1 I cr11ploy n 111o· ca<"h cm·1·en~ in\pulso ceases 01· begin~ to tnn. 
lOI' cmho<lyin:;- tho pl'incipl~ of .eonstl·uction 

1 
tho mngncti~" ' iu tuo Mmatu1·c :mel in tho 95 

of :t moto1· <lcscribccl and ch\ime<t in ~>n :>p· 1 cntl~ of the- pohl-picccsC C' lugs o•· continnM 
-:.s plicntion filed by mo Jt.nna•·y S, JSSn, No. 1 to manifest itself, which pt·o<lnccs n rotntion 

205,i-15, to lhc exr.cnt t·h:tt b<•th the nm:nturo of . t.ho lll'mlltui·c by tho repellent force be· 
and field rccci\·c thcil· ma~netism from 11 sin· tween the more closely n.pp1·oximating points 
glc cncrgi<ing-coil or a pi~rt•lity of coils net- of m:~:dmu1.n mngnctlc effect. 'J'his ~1l'cct i~ too 
ing as one. continued by Ute rcvcrSill 'of current, tho po· 

so A moto1· which em!Jod ii)S my ilwcntion, lm·it.ies o( Oclcl aull nrmRtu1·o being simply 
with <,c,·t.ain modifica~ions thcl'cof, is ill us- rovcl'secl. Ono or botlt of the clements-tho 
tmtcd in 1 h~ nccompnnyiug <lmwiu(;8. I nrmnliii'COI' ficl<1-nw.ybowonnc1 with closccl 
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i~duccdc.oilstoint~nsifythiseff~ct,ahhon;;lt cue!, of oppo,i:c si~u nncl to $~t up in th() 
iu t.ho Ur::uvingS I h<\\'O sho,vn lm t one of tho m·nnlt urc·COI'C bC't W(!<:n th<!m !\ polal'ity of tho 
llolds, each elcn1ont of the moto•· really con· ~am~ s i;;11 a;; that of the ncarcgt pnlc·t>i ccc C. 
stitutcs a field, wound with the closed ciiil:;, Upcm the f;\ll o•· cc~sntion of t he cUITcnt im· 70 

5 tbc cu ITC n Is bci n;:- ind uced mn in ly in I I coso pu lsc that c~l a !.> I islwl th cso pol;u·i tics the 
con1•olutiousor <:oils which nro pa•·all~l to the mngi1ctism which 1 .~~.-,; b ehind th~ current 
•:oils F F: A modiftotl form of this uioto•· is !>has~. and wlci<·l• continues to manifest i~~clf 
~hown in Fig. 3. In this form G is one of two in the polt11· p•·o,iccti<m~ (: C' ;uH\ the :l\'lna· 
standards t liat. s11pport the bearings for tho llu·o, proclnccshy n•pulsinn a rot:Hion c>f :lei; 75 

to nrmaturn.~lmft. Jl Jl arcupri:;htRor ' i<ksof :.rm:1tum. Tho ¢(\"ec~ is con tinued hy <':tt it 
a ft·amc, prcfer:\bly tn ;.lgn(•1ic, the cuds C t~' l'C\'cl·~:tl of thc- <:UJ'J~Ilt. \\*hat. oc<:\: rs iu 
of which nrc bent·, sub~tant inlly as shown, to f,ho cnsc o( o11c pair <>f polo-pieces nccut·s ,i . 
con[o•·m to tho shape o( the armatmc D an<l multaucon~ly in all, so t.hal the t~n<h:n<:y to 
form !iol,l-mag•~ctpolcs. Thecoustructionof r~lati<in of the :ll'lnaturo i$ mc:tslll'c•l hy th<l s~ 

'5 tho nrmnt u re mny be th e same as in thc I"'C· sum of all the fo•·<,cS oxct·tcd l>y the pole· 
vious figure, or it m:ty Uc simply a magnetic, pieces, as aboro dcsc1·ibNI. In thls nwtOt· 
disk or cylindc •·, :1s shown,and n coil ot' coils' also the magnetic 1:1:; or efTcct is intcnsilic<l 
F F nrc secured in pos;tion to smround boU1 by windi11g one or both cores with closed i11· 
tho nrmaturo aoclthe pol~.~(' C'. Tho a n nn· (! need coils. 'l'hc annnltli'<HON is s hown as Ss 

:o turc is <letachnb\o from its shart, the latter th11s wo11nd. \\'hen dosed coils :1r~ us~cl, tho 
be-ing passed through f.hc- :\rmulurc .rtfle1· it I cot'('!' should be lamintHctl. 
has been inset·ted iu posit.ion. Th<•op<'r:ttion It is cd<lcn t that"' pulsat.c)l·y as wdi as an 
<•f tlli!> fOI'Ill of motm· is the snmc in Jlrinc:iplc ttlLcrnnting current mif{ht be ns<!d to ~lrh·~ ot· 
as that pro\'iously dc~<·,·ibc<l ·nu<l n~ods no opct·ato the llll>tor' h erein <lc"<:tiltL'<I; but I 9'> 

:s· fu rther c>planat.ion. . pn~fc•· to usc :tllchtatin~ ciiiT<'IIIs. 
One of the most impOI't;t nl filatures in niter- It ,\<ill be und<•rstood t.hat· the <lc;,:1·cc of 

nnt.i ng-currcnt motors i~ that t h~y shou\•1 be sn bdi \'isiot>, ! Ito mass or the iron in t h<i core$, 
r.dnpted to nncl cnpa\>lcof 1·unn ing- cllicicntly theit· size, and tho tnnnl>cr of a ltcl'll:ttions in 
in the [.Jl~rnaOng systems iu pt·csent uso, in the current employed to run the motor mus t 95 

JO which almost without. e~ccption the genet'· be tnkcn i~<IO consi<:cl':ltion in order to prop· 
a tors yield n 1·cry hi:'h numbCt' or nlterna· erlr. construct this motor. In othct· wot·d~, in 
lions . Such a UlOtor f h:wc designed by n de· all su!!h motors the JH'OJ>CI" relat ions between 
nlop:ncH t of tho principle of the motor the number of alternations niHl tho m3SS, 
shown in Fig. 3, Hl:\king n multipolar molo1·. siz~, or q\lality of the it·on must be pn,\sctwctl JQo 

J5 whicll is illustm tc<l in Fig. 4. In the ton· in order to. secure the hcst result ~. 'J'h ~se 
~truction of this moto·· I employ an nnnulat· :\l'C mnttCI"S, howcvC·l". thnt. arc Wt.•ll una~,.. 
magnetic fran1n J, with inw~~rdly·cxtcn<ling stoo(l by those ~killc<~ in the :lrt. 
rills or tn·ojccUous 1\ , t he ends of which nll \\"hal. I claim is-
Lend ot· turn in one dircctjon and at·c t!'C'n.:. · J . Iunnaltcrnat.ing--cnt'I'CHtmotor}th(':C<lm· ros 

40 (\rally sbnpcd to conform to thc CutTC<l sut·· !Jin:llion, with the a rmnturo ant\ ftelc\-co·t·cs, 
face of tho nrmatm·c. Coils I•' F arc wonntl of s tationary otull·gizin~·coils cn,·cloping tho 
from one p:~rt 1\ to tho one next n<ljace11t, sai<l cot'c.~· nnd adapted to produee J><>larit.ics 
tho ends o•· loop~ of e;1ch coil or g•·oup of or Jtoles in both, tho fiel<l·r.on,s extend ing ou t. 
wires bcin~; cat·ried over towtm\ the sltart.; ft:om the coils anc.l cqnst•·uctc<l so as w ex· • oo 

45 SQ as t<> f(n'lll U -shepe·cl groups of con1·olu· hihit the magndit e ffect impnrk d to them 
tious at c:~ch end of the arma(u ro. The pole· after tho fn\1 o•· ccs~at ion or en rr~nt itn pn :~,, 
p ieces C C' , l>cing substantially eon<·entric· prod ucing ~nch efTcl'l, ns set fortlt. 
with the a rma( u r~, r orm lc<lgcs, :tlong- wh i<-h 2. In nn altc1·n:1 (i ng·CIIJ'J'Cn t motor. t.h<: <'011)· 
the <.'Oil$ aro lnid a:ul ::;l•oul<.l proj4!<:L to j ULuation,-wiLh an :u·nu\tm·c·~·' rC ci n~;rJ:u- in rr s 

so some oxt~ntl>cyond ll1c coils, ag shown. The <·onftgnr:~lion, or " supporting'·fr:un<:, ficl<l· 
cyl i udrical or d I'll m <lnna t nrc lJ is of t lu~ ~:unc cores ox tcncl i ng t h<'l'C:fl·um 0\'('r port ions of 
constrnctiou :\S in rho othcr mQtors l l~c:-;trihctl, the pnt'iphcJ·y-nf the :trmat an\ :lurl t•ncr;.::iz
an<.l is mounted tv a·vt :Hc within lhc annnlat·j iu~·coils sut'\'OIIndin;.;!'aitl armah 1rcnml part~ 
fratno J a n<lbotwccn tho u-,hnpc<l eucl~ 01' of lite field·COI"CS, asSN felt'! h. 1>0 

~S bcndso ft.hccoils F. Thc(;oils Farcconnc~t~d I ~. Th~ combi!lllli nn , with the •·otatably· 
i:i l~HIItlplc Ol' in SCI'il'S w.il h a SOlii'CC of c~ l tcr- 1 Ul01111.(Cfl fl.l'IH:~tnn~. of t}H! d1·~·ular fr:t.llU!. J, 
n:\11 ng c nncn ls, and at·c ~o wou 1ul1 hnt w11 h :\ l the ·n hs J(, w1lh pula1· c.~ tCIJStons ex tcndmg 
cnrrcntot· cun,..nt impulse nf ;.::ivcn directi on O\'(W po1·tions of the ;u·uwturc, :trul the {Iner-
t h<)y w iII make t h r. all Cl'll:lt c pole-pieces (:of gizi ll1;·Ni Is P, wouu•l un·•· pot·t ivns oft h~ pole· · ' '5 

6c. on~ po!arit.r and .the othc•· polo-pieces V uf pie~cs am\ <':trricrl ill loops m ·c•· the ~uds of. 
lh<~ nrpositc polari ty. 'J'hl) jtl'i >ICi p\() of the the armnhu·~, :IS hcr~ill ~<:1 fcJI·th. 
opN·a t ion of t.h i~ mol or is t I1C s:t me as t.hc ot.Ju~J' 
ht·r('iu cl ~~CI"i hC'd, for, <'OII!'; i'llcringo :tny t \\'0 
pole-pi t;(.'(!$. (' C'. a. cm'l'<?n t. inrpu i::;.c~ pas~iug 

•>s in ti H~ ~<~II whi ch hrldg·~~$ f..hC!ut QJ' i~ wom:rl 1 
ov•:rho~ h tPHd::)f tl cstab l i~h 1 •obri l i~s in tht·j r 

.,ritHC~(H:S: 

R J . :>TO!<I·:Y, .1:· .. 
E. l'. C<>FI'lS. 

Nl lWLA 'J'ESLA·. 



P-108 

tNo Node I.) 
N. TESLA 

2 Slleets-Sbeet 1 

. . 
&LECTRO MAGNETIC MOTOR. 

~() 424,036. Patented Mar. 25. 1890. 

• 

.JJ 

• 
II i~'t:f.s-..s 

. ;r~"U~;z;..,--
• 

1' .......... ~1-fwU&/ 



P·109 

· {Ko Model.) 2 Sbeets-Silect 2 
N. TESLA. 

ELECTRO MAGNETIC MOTOR. 

.No. 424.036. 

J 

-nr:ht.2f.r~4 

5f'4't~a:~·~:.-~ 
=r~'WIIcc-Ulo/ 

Patented Mar. 25; 1B90 . 

.. 



UNITED STATES PATENT OFFICE. 

>{IKOL,\ TESLA, or NEW YORK, N. Y .. ASSIGNOR TO THE TF.SLA J<:LIWTft!G 
COMPANY, or SA!I!E ?LAC£. 

Et.ECTRO - MAONETIC MOTOR. 

SPECII'YCA 'I'ION formi~g l'l\r. of Lettoro PAt-lot No. 44~.207, datod 1: h'>~ry 27, ! 60! . 

Aflplic:.tlon 6lod. lh~ 20, 1980. tsorl&l No. 311,417. roo :udeU 

'to all tuh01n it InA!J concCht :· 
He ic. krwwn thnt 1, NrKOLA 'T.E!S} .. \J n !SUl}· 

j cct of the Eanpc:orof Austrin-Jlung:~ry, frona 
San i ljnn, Li kn, !x>l'<h:r <:On o try or A ust rln- Hun-

S g:\ry, r~'~iding at ~ow York, ic the county and 
Stxte of New Yo•·k,lutvo !nvente<l certain nilli< 
:IIHlus~fnlln>prowmonts in Eloctro-Miigoctic 
)fotors, or which the following is~ spccitlcn
tiou, refcl'cnc~ being hnd to the da·awings ~\C· 

ro companying nnd fonniog n pnrt of ~he snmc. 
AnJOng the \·urious forms or ultcrnnt ing

('Ul'rCnt motoa-s ilwcoted by me is one \~:hich 
I hnYe <legcrihed in other Applications, nod 
whi~h is cons! n>ctcd ns follows: ll>uilct n field -

as core. with, sas, four polos, l>ctwcon whi<:h i~ 
mount ell '' n arrnn~u rot hat is generally wound 
wi th closo.d coils. On two .of tho oppo~itc 
poks or the field I w.inu primary coils, whi~h 
ar(' .COnnccted np in tbo ll>llin circu it. On tho 

>o """''<·Orcs l alsCJ wiud sccondnry coils, which 
:Ire <'i~>~c<l through coil:! on the other pair or 
o.:.(:( •)f polt•s. In this motor wheb an alternat~ 
in:; canTcnt i; c~uscd to pass tl~rough tho pri -
11\Xry ¢nib it energizes . dir~ctly ono set of 

>5 !)Of<·~ ,,nd induces CUaTCOtS in tho SOCOndary 
coil,, wl1ich 1«;1. to cnergito tho other poles; 
hut tho phases oC tho curNnt in tho second· 
ary coiiN rnny differ in tlm.,frorn ~hosoof the 
pl'inuuy current.. and hone(' o. rot•lLion orsbiftr 

JfJ iltc; <,f the poJcs i& c(f('cte(l th/\t impnrt;<J roh~
tion to the motot·. 

These 1uotoa-; ~ttny l>o constructed ill mnny 
otl:<' r way~; ln1t f<>l' ptn·poscsot t.his cac;o it is 
on I)' .1cc.,ssary to consid~r tho specific form 

JS which I ha ,.,,thus generally descri l>ed,·ns my 
impz·o\·cmcuts I'Ciatc mainly to such form. 

·rite ol>jec~ of my !)resent inY~ntiou is to 
n ·nllc·· th i.~ form or motor .more efficient 1\lld 
to iinprovc its :lclioo or mode of Clpcrntion. 

,o Jn tl1c 11\0tors eoustruc:tNl in :lcccrclnncc 
with thi . .; pduciplc I Uri ng two cnOrcii?.ing· 
circuits into ilt<htcth·c rC'lntiou in tho tnotor 
itsolf-thnt i~ to r<ay, tuo •ecoa><l~u-y cn>Tonts 
which energize OOC set O[ the ooJd .corcS III'C 

<$ induceu in tbe moto•· itself, und tho cmploy
>nont or An e:>:tGm/11 iuductiou .(\oricG is thus 
n\·oided .. The operation of theso mot on;, how
ever, i~ dependent npon the exiatenco of .a 
certain diiTcrencc of phase between the ont·-

so rents io the prim11ry nnd secondary cells. 'l'o 
obtain· n <li!Tercnco ot plu1so or lag tha~ is 

saitqcl to worxtu~ contlitions IS thr. specific 
object Gf my present. in1·~.ntion. 

'fhe iollowlng cxplnnations will serte to 
illustrntc tl>e principle uron which ~nid in· 55 
\'eu•iou is !JnsO<L l ct i~ l>c ns&:t moll thnt nn 
orO i nary nt terna.ti ng-cu t-r('a t gcnct·Jl.tO!" Js con. 
noctod np in n ciJ·cuit or prncticnlly no ~olf
iodoction, such, Cot· Cx:\mpk-, n,; n circuit con· 
taining iucanci0$Ccnt lnmp~ only. 0~ tho op· Go 
oration o~ the mt\Chiuo nltcrnat;ing currcnl!-1 
will !Jc dcvelopN\ in t h c circuIt ,nnd tho pluwe• 
of tlaese r am-cuts will thcorc_tically coir:ci<lo 
with tho pllltScs M the imprcs.<ed olcctrO·ll'.O· 
tive fore<.'. Such cnrrents 1uns,,bc regnrded 65 
nn<l <lcsi;:n:ucd M t.l1o" u n rot :mled cu rrouts." 

It will l>c undorstoou, ot cour>;e, that in 
lll'llcticc thc:·o I~ alwnys more or loss ~olf·ln· 
duclion in the dr<:uit, which mQUifi4X\ to A COl'· 
r~SJNnding ·e<tcnt thcso condition~; bu t for 70 
com·oniencc this may l>o clisregMd<:<l in tb!> 
consideration of I he p.riociplo of opc1·ntion , 
siuce tho SAllie Jnw~ npply. Assumt) ooxt 
thnt" p11th of eurrcnt~ ue formctl 11cross any 
two points of the nhore circuit, consisr.ing, ;s 
for c.•nmplc, of the priulnl')' of nn induction 
dc,·ico. 'fho pb.tsc~ of tho cur•·ont6 p'"sioc 
through the primary. owing lo thQ self-in
duction of aho sam<>, will not coinci<lc witu 
tho ph/ISc~ (!f tbt) iluprcssod clcctro ·motive 8o 
force, l>ut willing bohin<l U•o ,;,~me, such lag 
l>elng direc tly proponiontd to the self-indue· 
tion nn<l in\·e~ly proportions.! to tho resist· 
O.IICO or tho RAid. coil. Tho illsortion of this 
coil wHlnlso cnusc :\ lng:;in~ or rotnrdntion ss 
or the cun·cnt• trn,·e rsi n:: noll tlcliverod l>y 
tho gonerntor lJohinll the impressed ¢1octr<J. 
mot.ivo forcfl, such !:\:; hcing t.hc men.n or ro 
sult11nt oF the l~g of tho current through tho 
primnry ~<lono n111l thut o( wball httYo <I¢~· · ~o 
l:::nn1<.'d th.~ "unrt·lnnl<..:d cm·rcnt u iu t)w 
ontiro \'lot·king -drcuit·. Next conshlor thu 
conUit.ious impose(\ hy tho nssocintton in in
tlnctivo rchllion wi th tiJc Jll'imn>:Y C()il or a 
s~onua•·y coiL 'J'hc c urrent genom ted in tiJe ~; 
sccon•lttry coil will rcnct upo11 the rrimnry 
ona·ront., modiryin;; tho rctJ<Tllation of tho 
RlllllC, nccorrlin;; to rho r.rnount of sclf-induo· 
tion 11nd rosiataoce lo tho socoodnt·y circuit. 
I! tb.o secondary circuit hn1·o l>ut littlo self· 1ov 
iuduction-ns, for iostnoco, when it contains 
iornndes~ont lnmpa only-it will iucr~nsc the. 
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;1('1 ual t!iffHeuce- or ll)Ja~ Uctwc::cn it~ (\WO 
4)11d tbo lH'i:lln.ry current, fii'SI, hy t\imilli:"Oh 
iu~ tho lng hetwcco tho primn1·y current :Hld 
t he i tnp,·N;scd olce:tro-.motlvc fnl'<:C', nnU. !iCC· 

S oncJ. by its own J~g or rC'I:u-t1at ton bchin<! 
1 he impl'OR<:.(>d ('lee I ro-moti \·e ftl l't'{'. Ort the 
o tht.••· .hn.nd, if tho :-t>CN>nll:u·y dl'cu it ll:w.c a. 
hi~h sclC·iouluct ion its Ia;,: l>ohinol ~~~~ our· 
r~o t jn UlO prim~ry i$ clircct)y · iucrt.ase-d , 

ro •.vhilu iL willl>~ still further iuc:·casc<l ir tho 
pdmnry have n \'t-ry low self-in<l nction. Tho 
het:er rtsult• 1\rc obtained when the priml\ry 
hns n low self· induction. I :opply theso prin· 
t·iplcs to the construction ~fa. motor which I 

' 5 s ii:J.II now d('SCritJc. 
Tlw dctn.Hs of t!H! hn[H'OV()rnent::; are Ill us· 

'ratc~d i n the <.'rawiog~, l n whi<'h-
Fignn~ J is a din.grAm of amotorexfd biltng 

lilY iuvcntion. Fig; 2 is n ~imilar dia~ram of 
1n :'\ l~lOdilica.:.jon Of lhC SIUUO. 

· ln Fig. l let A design11to tho lichl·mngcct 
of :L. mutor whic~, as in all thC'St> motot·s, is 
l>nilt up of se<:tions or plates. ll t: >u·o polar 
UI'Ojt:ct ions upon which tho coils :l.t'O wou utl. 

25 ll pon ouo pnir of th~so poles, a• c, I wi •><T 
pri~n:ory c'vils 1), which nre ujrcctly connected 
10 the circuit of :\n altcrnnting·current gen
,.r·ator G .. Onthe-snmo poles I nlso win\! sec· 
""'l~ry coils F, oitt.cr sitlc by sido or over or 

JO 11ndcr tho primnry coils, mut those I conncl.!t 
with othct· coils }1;, wh!c;h surrountl tho poles 
U B. .!.flu.\ ~ul'ft.;lt\S iu bvth pr;tutuy au<l ~vc· 
v111lllr.Y coils in such n motor will be •·~t:ndcd 
v t· will lR~ i>ohiud tho impressed olectro·mo-

JS til·c force; buL to s.;curo n. proper ditrcrcnco 
in ph:\SO bt~twcen tho priwa"y and sccondnry 
~urrcnts tlu:msch·~~ I increnso the rGSi~t:mct'
of th<> do·cu it o! tho s"con~~>.ry ;<ntl•·cduco as 
IIIIlCh ns lH'liCticnblo it:> self·induction. i I •lo 

-40 thh; by usin:; for t.ho secondary circuit, par
ticularly iu thecni l$ E, wiroo! compm·Ath·c-ly 
smilll dinmotor :\nd luwin:,: ·but few turns 
f\rounU thu· cores; or l'u:sc ~Ome con<luclQr or 
higllcr ~p~:~clftc rcsistJ\nco, ~uch a~ German 

45 ~ilver; or 1 mn y,intrOcltH:c nt snn:o ·p'oiut. in 
the SCL"oml;~ ry ci rc;u it nn a1·t iticial rcsistun'-"C· 
R. ThiiS the s~lC·induct•Oil of the secondary 
is: kept.. down .o.nU it~ •·csi~tauc<S ioer~I\SCd 
with the result of •lCCI'(•astng tho Ia~ bctu.·r.tn 

so tho inrprcsscd clcctro·moti•·e f<irco an<l the 
curr('nt;in the Jll'itnAry coils and increasing 
the d;fferc.nco of phusc bctw"cp the primary 
nnd sccondal'y cunents. 

In the .disposition shown in Fig. 2 tho In~ 
jS in tht:: sc-condo.ry is incn:n.seU \Jy incrcf\sing 

tho self·inductiou of that cil·cuit, whilo tho 
ill<'rCOSetl tendency of the primary to lng is 

<:(•J}n rcn'lctccl Ur ms~rtiu:; t!.t·h·iu ~ ctc;~<f ~"•· 
.~ist:Ht('C. The primnry <.:oiJ:; }) in this Cil~C' 
h:wo a !ow ·!;clr·in<1uction nrul hi;::h rcsi~t· c ... 
•lnce, ·while the <:oils E 1·' , inc:lmlcd in these(~· 
on<l:\l'y Circuit, ll:wo a high S(~t:'·imlnction. •\ntl 
low t·csi~tnn<:o. 'fhis rnu\' ln· Uouc bv ~Ill' 
propor winding of the <:oif~. u1· i11 tllcdr<·Hit 
including t.ho ~t!contl:\. t'Y cu1 lS E 1•', 1 111:\.,\· i n· (,.; 
ta·nducc 1\ scl(-influcti~n cr•il ~. whilo in tho. 
priiJH\ry circuit from t.l\Cg<'IH~J';\lot•(; autl i u· 
clutlin~.coi ls 0, I mny iu,~rt a <l•a<l r(•si" · 
anco It By t.hi~ nu.•;ws t.hu d i ffcroncc of 
phnse between the primary :uul $CCOI\llat·y ls 10 
inCI'C1l$(~d. It i:i ovid••nt. tlu\t both means or 
incr<.:asiug tho din'cr~ucc ·oc phasc-nam<•ly, 
by tho spec\a\ win,)ing ns welt ns by thu::m{•· 
picmental or (\Xlcrnn.l wducth·c aud tlc-ad rc· 
si~tnnce-may lJ~ cmployod conjointly. · 75 

£(1 thO Op.CratiOU O( thiS' nlQtOr thO (~l11T¢Hi,.. 
impulgc:~ in tho primnry cHi I~ inclucocurrents 
in the :-ccoo<lt\ry coil!i, and hy the 4.:0njoint 
HCtiOU Of lh3 tWO the pOiUtS (jf ~rCalC:St 10;\~· 
oetic au ruction are shifted or •·otatc•l. So 

In practico I h;wo found ·it ~csirnlllo to 
wind tho a.rmaturt) wiLU closed ceils in which 
currents m·c induced bv tho uction thorctm 
of tho P.ri mnrie~. - . 

I do not claim, broaG.Iy, herein tho method 8> 
ot oporJ-ttinp; motor~ by inducing in ono cir· 
<:nit currents by mc:\U~ of thoso in n.notlu~.r~ 
nor tho other fcat ur<~• horein not spec•ificnlly 

.p<>int(jd out in :ho claims. hnvih{~ pot"Sonnll:.• 
filed applications foo· Sll~\.l [CI\tllrC~. 
WJu~t I cJnim is- · 
1. TIJe com bin:~. tiou, inn roolor,nr a pri mP.I'Y 

cuergi:dng·t:ir·cuit adnptct\ to be connoctod 
with the circuir of a genGrator nud t'- second· 
t\ry · onor~izjng·circuit in ioduct.h·o r<~tation 9.S 
thoreto, th~ two circuits being of d ifferent 
electrical bhilractor or rosistanee~ ns ~t tort;h. 

2. Thocooubination, in a motor, or e. primary 
cncrgizi'!g·eircuit ndnptod to be couuocttd 
wit h the circuit. of a generator nndn second· coG 
Ary cu\lr~iz.in:;·cireu lt in inductive r~latloo 
th~roto, 'tho two circuit~ being, of <liiCerent 
sclf·indll<.:tion, k.$ herein ~ct ron·h. 

3: Th~ comhinnt~on, in~\ motor, of primary 
oncrgi1.i ng-coils Adn.[>ted to be conncct8'1.l to A ros 
sou reo of CUI'rl.'nt and secondary ouorgb.ing· 
coHs in ?t circu i t in i nd ucti v() relation 1 hereto, 
011~ ~ot or ~ni<l coils hcin~; formetll>y cond uct.• 
ors O( small Si7.0 11<1<1 fow lllrns, the oth~r uy 
conductor~ or larger slz<", ns sot. forth. 

NIKOLA TJ,:SI.A. 
\Vi t nr,sses: 

R J. STONEY, Jr .. 
E. P. COl'FIN. . 
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To a.U wlunn it nt-ft!J conccnt.: 
He 11 known that Wt', Al.IJERT ~CmiiD and 

X' If\ OI.A TESLA' <:itlr.Cn$. l'C~pcct i \'Cly' or 1 It~ 
Ht>publi~ of ~wit~crland nn<l Smiljnu, l.ikn, 
hord~r COHn II'S o( Austria-Hun;.;ary. now rc.
!-'ic.ling in Allegheny and Pittshul'g, both in 
t he county of Allcghcuy and Stnto of· Pcun
~yl \':\n in, hn v..: in \'CU ted a. cc1·tniu new an<l use
ful lmtu·o,·cmcnL in Armatm·c~ for Elect1··ic 

JO . ~l :u: hiucs, (C':\SC No. 3JO.) ur whi ch the follOW· 
ing is a. ~pccilica.tion. ! 

Th~.,• in \'C:tl 1 itHi rcl<l t 1.'$ 1 c) 1 he <:OJI:-.11'l1Cl h.HI or I 
a rma1 u a·~!$ for C' lccl rk gcn~rators and ntotor~. · 
nnd lh<" ohj ('C't is to pro\·iclc an clcetri~:tlly· 

: s (:ni<:ic 11 t a t·m at ut·«:. 1 h c const rucr ion o( \\o'Jl ich 
i::t st:np)(} a1ht t.o.c.•otat)naical. n1Hl i:1.which t.h<~ 
eoil~ of in~ulntccl coltclm:ting wire or ril.Jhon 
Hla)'.h<: c.·Ou\·cni<mt·ly wound or fonuc<l into 
bobbius so located with rcf('rcnec to the l.>O<h' 

20 of the nnna1.urc ns toatl'ord :1sgl)od rc~ult.~nS 
possible. 

Fo•· ccrtaiu p u qioses it is desirable to cou
st rnct the armn tu res or electric generators and 
molo •-s with their cores of mn.gocti7.ab1c m:\1 c· 

>5 r i:ll JWOjcctint; through th() coils into close 
proxi mity to the li<:l<l· mngnct poles. When 
nnnat.urcs nt·c conslructcd in "(hi$ ln:\JHter, 
!-!Orne •ncau:; ;u·t· ncccssa1'y for huh.1 i ng the coi Is 
iu positlou aud prc\'cntiug them f rom being 

30 t.lu·owu out by ccntriflt;;al force. 
This iH\"(•n t.ion aims to pl'O\'idc such mc.ans 

in nn at'JJH\lUJ'C having pol:\1' projoctious, and 
:\lso to foJ·m an al'mature- ln :;,uch manner us 
t.o expose al:u·gc area of •wrc-su rf:ICc to th() 

35 lwlcl-nwgact poles. 
'l'hc inn~nlion consist$, in :;cucrn1tcrms1 in 

formingnn armature-core which is IH'cfcrably 
built up of lamiom of lnngncLiznbl() mntcrial 
it16U1atcd from cM:h ot.hcr. with diverging 

40 slots or openings for rocci \'ing tbc at·tuatut·c 
wire or ribbon, wi1ich slotsurc connected with 
tho o:<tericr· of . tlw n.rmntUJ'C. by openings 
through which the wire may ))a Ja.itl in tho 
slots, and in placing the wire in s uch slo(s in 

•S the prcpcl· wanner. 
We areawaro of the Unitccl ~:ilates Pntcnts 

No. 327,707, granted to Immisch. and No. 
202,077, {(rantcu toW en strom, nud tho D•·i~ish 

:w Nikol :\ Tesb 

pa!cut :or Cocrpc•·, No. ~.o1:1 1\f JS~7. nn<l <lo 
not <:lnirn thc . e<mstt·u ("lious ~hown ~n<l <lc- so 
scribNl thcrciu. 

The iunmtion will he c..l<~~cribNl nwrc par
ti(·ul:.u·Jy iu <~onncetion with the nc<·Oml)!\ny
iu~ clrawim;s, in whit h-

Figurc 1 is an ConcJ view~ partly in St•ction;of 55 
:In :li'IOI\llll'C ~ml>oclyi n:; t hcf cnt u r·cs of th()in· 
vcntion, :uul Fi:;. ~ is n. [ih\n of the armature. 

X<'·f<!nin;! to the fi~u t·t~!-1) F F ilulicntc ficJcl .. 
111a~uc:\ p(,l<':$, and ,.\ 1'nprcsCtiiS the body or· 
<:ol·c or an nnuah trc ecnnposcd, in this in· Go 
::;tnnct't of laminm. of 11\:l;.!I\C.ti;:ahlc mn.tcrinl 
huilt· ur in nny su itable 1nnnnc1', the lnmin:u 
l>cing- prefc•rahly scparatccl hy in tN·vcnin~ 
st:·ata ot' insnl:lting- mat <~rial. The itHliviclual 
plat e~ or lamina.! arc CCl~lstnt<'ln~l with radial Gs 
opcniugs "'extend in~ a ~hort. d i:-;ta ncc fl'om 
the sul'fncc, :uul with siNs or otu•n in:;:s b, which 
cxte1ul in cliffcrcu~ d irections from the• open· 
ings c. The slots di\'crgc from cnch oUt~t· nt 
such angles ils to caus<) the two slots upon the 70 
Ojlpositc sides of each web e thus f01·me<l to 
He in the same cheril of the ci rei~ of the ann~
turc. The• plates may al~o he stampe<l or 
formCll with opcuin~$ (f to rcmO\'C the 11n· 
necessary metal. A ftc•· the pl:.itcs ilr~ formed 1 s 
t.hcyare lai•lup in the proper nlnuncr to form 
the eu i i,·c anu:~tur-<:or(', the ~lots h being 
11laccd'opposit(.; each other to form con t.inuot,:; 
OIH~niu~s through the cntit·c hm~t!t of the 
armature. ThC':--c> opcui ugs m:\y be lined 1Jy So 
pock ets h of insulating matcria.l-:::.nch, for 
in:-:;tnncc, as vulcanized fihcl'-:lnd the wire$ 
11ro tlicn wou nd into tho slots from the open·· 
ings c and around t110 respective webs e. 
Windin·g-~lipslc may be ·plncccln~ the rcspcc~- Bs 
ivc ends of the· armature opp.ositn each web e 
to hold the -wi res iu tho proper positions M 
they ai'C wound in the slot~ aml down upon 
the nrmntu•·c ends. 

'!'he wires luwing been wonn<l into their 90 
p<·opcr posiHons, they m!ly l>c held more sc· 
C\ll'<~.ly in position by means oC blocks 1\ of 
non-magnetic .material, plnceu at intervals or 
extending th rough the cntiro ~lots or opcu · 
i ugs c nnd projecting into the slot..~ b. 9S. 

An nrmnturc constructed in the manner 
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d~scrii.Jcd is found to I.Je ycry efficient in its tcl'iul scpnt·n.tcd hy insulation and hn,·ing 
oper!lt ions anol at the same time simple iu ra<Hal openings :\t intervals, shl\S <:"tending 
it.' construction. in opposite directions from snid openings for 

.The con ncclion~ bet wot~n lhc fl.J·mt\ t u z·c·coi ts rccei ,.i ug ,,. i 1·c~, and i nsulatin;.:·lin i ugs foa· l!>nid 
s ~nd the conductot·$ '"' coilccting-platcs ""'Y slots. 

be made in any usual well-J;nown tnant1C:1\ nc· G. Att armature for (l)e<:lric 1\H\.cbincs, cou· 
cording tO the puq>O!;CS desired to be scn:NL sistiug of a · lnminalcll core formed ~,·iU .. l di

\V c claim as our invcution- vcl'ging sJot~ for receiving the wircs1 sn.id slots 
1. A cot·c for.elcctrict\l ma<:hiuc-;, compos<.·d lca,·in;; intcn·cning we-bs, nnd coils of wire 

•o or plates of maguetizai.Jlo matoriaf scpa•·ntcd wound in said slots. 4~ 
by iosulation, said pla.tes hn.ving dh·e•·giu~ 7. An •u·m~turc fo•· electl'ic machines, con· 
slots for receiving the a""iatut·e-conductor~ Si$tin;: of u lnminntecl core formC<I with di· 
and nn opening to tho exterior of tl•c phttP. nt \'Crging slnts for rccci,·ing the wiros,said slot.~ 
the origin of the divc,.ging slots. · lCa\'ing intan·cning: webs, coils of wiro wonnd 

'5 ~ . . A core· plate !"or cl~ctr·ical mfldliut•$, in said ~lots, nud non-mngnctizablo mntcrial so 
stam pccl with d i \'cl-giug slots at i nt Cl' \' als 11car closi n:; the openings of the ndjacou t slot~ out-

. its pt,.iphery and an opening to the pc•·iphcry si<lc the wil·es, sui.Jstantially us descl'iued. 
nt cltc aug-1<• formctl hy t.:a,:h two di\·(•rgiu" 8. An armature ror electric tnachiucs, con· 
slols. si:aing of a core ha\'iug its outer surface con· 

zo :J. A cort~ for clcd.ric:al mat:h inc!', <'OIIIlJOsc.•d tin uous except for narrow longi t.ut.l innl open· s 5 
of plates of mn~ncti7.o\blc tnat.crial separated ingS nt inttrvals nud h:\\'ing $lots Ui\'crginc; 
by iosulatlon, sahl . plates having Uh·e,·giug j fr'Om said opca iug'S nrmatUI'E..-<:·oils wound in 
slot:-J, for rcceh·ing t.ho armature-conductors said slots, and l>loeks o1· !':itrips of non-mn(!'
and an open in;; to the exterior of th<· pl;lte at u"tizai.Jio mntcl'ial clo•iug the openin~'S nnu 

25 the ol'igio o( the <lh·erging slot~. t.he width of (nrming with the metal of the armaturo n Go 
~uch openings bcic;; nppt·oxionnlciY cqu;ll to practi<~aiJy continuous surface. 
the width of the slot. In testimony wh~r~of wo ha\'e hereunto 

4 . . An armature-core for t:lt•Nde onachincs, subscribed our J!_ame~ this ~5th dny of .June, 
cousi~tiug I)( plate.~ or m:lglldizai.Jlc lll:IICrial A. D. 1869. 

30 SCf):\.l'atccl by iusulatiou, h;\dn;t ra•l ial opcn 
ing:::i nt. intcn·als, slots ·tth·~r~in; from snid 
opcttings for· rcr.civin;.: arm:Hm·c·COils, :md 
will<lillgl.>l~>ckso•·clip!s at th'' <m<lsof the cvro. 

5. An armature-core Cor ,.Jcctl'ical app~m· 
JS tus, composed of pi<Ucs of ma,;nctiuuto m:l · 

\ \' I I n ~"-<1!'\: 

ALnERT SCmJJD 
NIIWI.A 1'ESLA. 

\\'. D. tJI'T£GRAl-'•', 
CIIARU:S A. 'J'£RR\'. 
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!.r.pllut~o llel. ~~c~ 20, 18QO. Gcrill No. 3H.S8S. 0\o c:oflt!•lJ 

To all wh,,. it may ""•ccr1~: • 111:11:nct~ ... Meh wmJu<l wiJh cnild counoctc<1 
IJ~ it kuown th:\t I, ;:\'JJ;()t.A Tl<SLA, n "Ill·[ with 11 >clare~ \11 nllcmntin;: M r:~pi<ll.r· VIIr)'· 

jcct of th• Emperor (If Austrin-llun:;nry,(r~IIJ 'iu;: current~. hut. rnrmi ng twc> OOJklr-'lepnt1•~ 
S1nHjnn, I.iL:J\. border c-uawtry c( .Au::Jtria·l or c:ir~ttiL,. Tlw nu\j.!ucts o( one set I 1•n~ 

s Hnn~.U)\ rc."'it1iu~ :tl· Xcw York, iu lh(.' county h·clto a cert3in cxlon L from lhc NJrr;:i 1.!u~ SS 
Md StAh!Of !'\c,,· \"ork, h:wc in ... cutccl ~f·rtain 

1 
:1.ction ur the curren t by rnet\n$ cC a mu~u.:tk 

new Antl u1\cful JmtlrO\'i'!:lneuL.,.in All(t..rf:3tinl!· ~hiu)d or fScreen int•~!"llll~ ltct\YI"CU the 1ua.;· 
Cul'fent ~:lcclr<•· ~la;:n~<ic Moto,.,., o! \rhicb uc~ nnd il~ co(• r;:i: ia:;·coil. Thi~ Nhic l•t ,. 
L.,c folfo,.·inJ; i~ ~ ~pccific:\tiOl),t-cfcr~oc<' hcin~ proJ>crl,r o.dl\~lcd tu t..hccomlit i\)usor Jlt\rt.icu· 

10 hnd lu the dr.,win;:~.lceo•r.p:~nyin;; :~ud foro:o- l:.r c.'\SOS, so as 1.0 :;llicld or I~<Ol<'ct th<• u~:~ln 6o 
io;t .:\ flt\Tt ()r tht• ~.1:1~. . ('OrO r:om mn:;r.oti7.atiOit UUtit it. hn.~ b\'C'·OIUO 

Tllld inv~ntio" • ~ an impro\'cmcnt in th.,t ~~~clfGnLuratcd And no!on;:c:r<;~palJiou!<·•>•l· 
cbs.~ of clcr.lr<•·n•:\f:n<~tic mvt.or~ in wh ich tho Ulioing 1111 the liuc~ of f\!I'CC protl ucc:clll\' Uoo 
rotation !S f•rtl<lnM<I by th cpros:rGssi'.·~m(•\'C· cur~·c u~. 1\)' t.t.;~ ouc:nn:J it will IJo scuu'thal 

rs mco1. . .,r off~<~l. of lia' w:u.imum tn:l.~IHJ\.ic . t,IJc c:u~rt;ir.iag action beg-ius iu thOJirotcctctl Gs 
poiul8 (•r smiCS J>r<ll!ur.cd by tho coujo:ut :IC· SCI· IIi lll:lgncts a ccrlnin Ml.>itrariJy.llOt~r· 
tiou Ul' cr!cet, flf t.\rn <:ncrgiz.in~ ·Circu it$ minecl poriod t\{ l ime 1.:\tcr Lhan ln tho OLhc r_ 
thtflU~h whlC~l nrr: pr.:;.S~fl nttcrnaLifl(; c;Hr · ant:' Utat 11y tid~ lll~ .. .-·ws nlon O or in <:(Hljunc· 
r<mt~, o\·curroucs o( rnpicll'y·vn.ryin;.:nlrrugt.h tiou wilh olfl(~r OlMilS or Ucvi cc·~ !H!rc:to(,>;·o 

~o Of tL kin,Jrt41 n:tt.uro. c:H;pltl~·cd a pr:tctiC::llty-ecouomlcl\1 diUcrCII\!C 70 
Tho irn(lf{l\'c::ao:;ttll ~nhjcc\ (l( this appiic:>· c.f m~;:nc•tic pu:.o.o;G Ulll}' readily b<' sccurccl 

lion n•• JnOrc p~r:ieulnrly :;pplic"lolc l<'lli1aL 'J~•c Mlnrc :>ucl opcratiOio of lloe in\'Cntion 
clas.1 of r.ontul'i' b ,·.hid: ~"'"or more sct:s uf wi!l l!o nt(lre .fnliy cxpl:.incd by rcfcrcuco I<• 
cncrt;izin:;·m:>:;:lcl~ nrc clnploycd, ~ntl · iu the nccn.~'l':l"yinl( dmwin~;>. 

:s \<hicb by ::niOeiai m~:ms :1 ('Crtain int~n·nl Fi~:u rc 1 is :1 \'icwof n motor, p:1rtly in S<'C· ;s 
of tim~ il''""d~toei;,I>So hotwccn tbctet;pcct· tinn, with :1 dix,;rant illnsttl\lin~ Uo11 in,·c:n
tve 1U1ttmum or miai~r~um periods or pha.~l".3 ticm. Vig. ~ i~ n ,;iclilar view CJf n tnoclific."\• 
()(their lnn~nette :Ht r:\C!liou o r crtcct. Thi:s liou of lhC' l)l\HI~. 
ll~l~n·nt or iliiTc•·•:neo 111 ph:~.•o hctw,on the In Fi,;. 1, which ~shl hil~tlu: ~iotplc~t f<lrll\ 

p LWO J'>C~S of mn~:ue.~'• when :~rtiliciatly pro· of tho illl'clltlon, ,\ A is tho flcl•l·onn~uoL <If n SC> 
duccri, i.s lin,; ted in extent.. It is (l~irnlJi c, motor, hn.vinJ,:, r.ay, eight l)(J)<.:~ or inwtHIIl)"· 
howC\'Cr, for the CC•)nnmicnt workios; (l( such projcctin~; core~ H :>uti C. Tho con.,. ll form 
mot.or>, thnl. tho stren::th or nltrnctinu of nuo ouc~ot. of mn~;ncl~:>ntl nrc cucrgiT.r.d by <:oils 
get of uws-ne.ts >houlil he mnximurn nt the D. T•lc cores C, formi"J: th o othnr set, nro 

rs ti me when <ha t of the C>Lhcr set is mi nio1um cnor~;lr.oo hy coils l~, an,! the coi ls aro con · I(S 
nnd con ,·~r~cly; l.>u tthcso r.onclitioi>S h:\ \ 'C oot ncct.cJ), prof OI'II.IJly, in series with ()II~ nMl ht•r, 
hcretMcr.: bc<:n rMiizcd cxe~J>L ir. ca."-~ '•here in two <lcri votl nr branched circuiL• F G, rc• 
the l\<0 CUI'renl~ hO\'C h~e.a Oblninr:<i from in· 8(lOCLivoly, fr<oru :l.,~uitnhlo l<Qu rcc o[ cnrront. 
doptoclcnt liOUrcc• in the Mn:e or cliiTcrent Jo:nch cnil F. i~ ~IIITOuntlccl l!y n mns;nclic 
"'R.Culuc6. ~Ieicht II, which i~ prdcmuty comp<>«c,: or 1111 9o 

'l'ho object nr th~ pr().•cnt in \'colioo i~ to Anncr.le<l, insnll\tcd, or oxiui,.cd iron wiro 
c~tnblisb cnntlitions morcncnrly:~ppro:.ching wr:~ppotl orwounuoo UJocoits in the monnllr 
tho theorcticnl rll<)uircmeuts of perfect WO<'k· ir.<llCjllcd, so "-~ lo form " cl~O<l uml(netic 
IOIC, or, in othcrwor<is,to pr<>Cucu nrLiOci:olly circuot:uoonllthocoits:~nd IJot,.-eon tile 6.'\11\0 

•S n diUer<:oco of rn:~s:nctic t•h"-«' by mcno~ or nod tho mr.:;nctio cores C. Belwe<!n tlo., )>Olo 9) 
~ eurreu~ fmm n ~in;:le prim:~ry son reo suffi- piocas or cores ll Cis monntocl th~ nnnl\luro 
cicnt In ox l-ent 1.0 moot tho• rll')nirCmMta of ){, whicb,n.'!.i&usual in this lj'po or mnc.lltnos 
p~mllcal nud coonomir..~; wol'ldog. is \O'Ouull wi~b coils L<:10$00.upon t:,0 msolvl.'!l: 

l n CArrying ont my il'\'Cnt ion 1 ornployod 'fhc opcmlion rcsultin" !ro1o th iu llist>Odi~ion 
so toOLor w1tb twQ sclG of cuc,gizlu(l or Geld. i• M follows• If ·o cUrront lwpulsc~ \)o di· ' "" 

• 
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roct~ · through t he l10o circui!s of the motor, 1 action or tho current in Lhat circuit will b<l 
it wtll quicldy oncrglt.c tho cores B, but not accclorntc<l,w!tilo in thoothl'rcireuitG it will 
so the cores C, for the reason that in passing btl rot.1.rdcd. Tho shield H mny be m:tde in 
through tl.to coil~ E there is oncountorc<l tho :nnny forms, :lS will bo nn<lcrstood, and used 

5 intlucnco of tho cloocu magnetic circaita iu diflorout ways,a.s nppenrsf•·om tbo!orcgo· 45 
formed by the shic:lds H. Tho first effect is ing desc•·iption. I do not, howc,·cr, limit my-
to c[cctlvely retard the current impul!la in self to nny specific form ornrrnn:;;cmcnt; bot 
circuit G, wbilo nt the same •.imo .tho propor- I What I claim i!<-
tion of current ... ·hichdocs p=docsnotmng-1 I. In nn s.ltcrnatiog·curNnt motor hnvin:,: 

10 netiz& the cot·cs C, which nro shielded or two energizing· circnit.~, the combinntion,with so 
acrcened by tho shields H. As tbe increasing ·1 tho magnetic. cores and coils of one.oftho cir· 
electro· motive force then nr~os more .curreut· cuitn,oHnterpos~d mngneticshi<ll<lsorscreons 
t hrough the coils E, the iroo wiro H bccoplos j for rct.arding tho mn.gnctir.Mion of snid cores, 
magnetically satnrMcd and iocapablo of car- as set forth. 

15 1·ying s.ll the liocsof fore<.', aod benco ceases 2. In an nlternn.ting-cut-r~ut motor l1aving ss 
to protect the cores C, which becomo to a:;- two onergizing·circuits. the combination,with 
nctizcd, <lov~loping their· ma:.:imum e:!ect tho magootic cotes and the coil~ of one of tho 
after an intcr•al of time subsequent to the 1 circuits wound thct·con, of 111agnetic shields 
similnr maoifcstntion of strou:;th i:t tho other 1 or coils wound around sahl coils at right an· 

:o set of magll')!S, the e~tcnt of which is nrhi- 1 glcs to their convolu~ions, ns Hot forth. 6~ 
trnrily determined by t ho thickness of tho 3. In nn nltcrnnti ng-cun~nt motor !laving 
sl\ield H, s.nd other '•ell·undcr.stood condi· 1

1 
twocncrgi"ing·circuits, the combil<ation,with 

tiona. , the magnetic cores and the coils or one of tho 
From the above it will be snen that thenp·l circuit~ which energize thcsnidcorcs,of mag-

. •s paratus or dovice MIS in two way~. First, by netic shields forming closed mngncticcircuits 6s 
retard ing tho current., and, second, by rct:lrd· ! nround the coils and interposed hctwcen tho· . 
lng the magnetiznt:on of one 5ct. of the cores, ! coi ls and cores, s.s set forth. 
from which i:s e.ffcctivcnes.\i wlll readi ly np· I 4. In nn alternating·curr~nt motor ha.ving 
poa.r. 1 tn·O cn\!rgizing-circuit.sdci-iv<-<1 ft·om thos3mo . . 

30 i\f:\ny motliftcntions of c.hc prinei plcof this S?urc~. thecombination,with the cores :1nd lh<i ·7o 
invcntio•tnrc possible. One useful nnd <.lfli- coil5 or one of tho circuits that cnorgize.<; tho 
cicut application of the invention is ~hown in snme, of insulated iron-wiro coils wonnd on 
Fig. 2. rn salc.l Ogut·o a motor ts shown simi- , the z:mi<1 onor;:ti?.ing-colh; nt rjght a.n;.:lf!s to 
!:Jr in nil respects to th<Lt above doscribcd, e~· j their couvolutions nnd cnnncctcd up in sN·i~s 

JS cept that t!Jo iron wire II, wh ich is wrapped with tho coils of the other cncrgizing·circnit, 7$ 
around tho coils E, is in this case connected ns set forth. · 
in series with . tho coils D. Th<.1 irou-wirc 
coils H, aro connected and wound, so ns to 
have litt.lo or no self-induction, and being. 

~,o added to t ho resist.~ nee of the circuit F the 

NIKOLA TESLA. 
Witnesses: 

ROBT. F. G A YLORO, 
PARKER W. PAGE 
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A,]&~\!c::l (:Jod ts'uet 26, 1800. Sc:ia: !lo.. !~~.S39. ~BI)m:.d.U 

To (•U who»> it ma-y concan: 
no it knO\rn thnt J. l\ti(OLA TESl.A, n sub

. jcel.o( the EmJ)(!rOr or h mltrin-Jlun"nry, from 
~miljnn, J.ikn, bonler courilry of AuRtril\· 

5 ll nng•u·y, rcsidia~J nt N~w Yorlc, in tbe county 
nn<l Stnto of Now York, 1U\\'C) iu\'(\nfcd CP.rtAin 
r:~wruulusP.ful Jmprov<"meuts in Alternuting
C.:u n•ent Motot·~. or whkh the following is ... 
HJ•<'l'it1cutlon, I'C'fcr~n<:c hcing hnd to l1l{) drA\V· 

10 in~s accornrnnying find forming n.Jl~.r: o( tho 
tiAOIO. 

ThIs in vcn t ion a·c.·bti.C!1 to thnt chL'1'!'> or niter· 
nAting~urrr.nt moto1·~ in which the £i,~lcl·mng
nct.s nrc ('n~r;.d7,(•tl by cui1s conncc:wtl np in 

15 l9:0 circuit~ derived from the ff..'ltne sonrco 
n.n•l. hA,·in:.: dlfTt?-l'{'llt t\(>~t(>C~ of e.clf·induc· 
tion, "'h<'rehy tlu· t·urn~nt~ i n one'\ circuit or 
hranch :u~ I'Ctartl~tt 11\(•l'C tban in the Other, 
with the result ()( prOt..lucin~ 1\ prO~r('SSiY() 

j0 :!tlVAiH:C Or rOtation 0( thO point..; of mAXi· 
IJH&tii mn:;u("l ic cfTt!Ct i n thG field thAt mr-in· 
t1tin~ lh<~ ,,nrutturc in rotntion . JnuiOt4Jr;qo( 
th1:-• ldn •l I hnvc (•mvloy('(l, n.nH>11g otltor 
lllNIII~.n. ~C!)f.it:dn<"tion coil tn <m<' C"ircuit unci 

:s n dcsv1·rcsisttH&cC in the vthor, ot I hnvc t)C'· 

curc,lthe snme r('Stllt hy the spcci:d <:hi\l'Rc· 
tcr of t ho winclin~ of the two c."'ircoit~. nnd iu ''ill nnothcr i n~taucc J h:noo ~o constructed 
ltw rnot.Hr that th(! rr.tArdO<Ioo(:'urn~nt coil::t \'\'Ore 

J<> nMdy inch1sed by itDf! , wlrc .. eby the s~lt·in· 
rluction of s nr.h coils v.·~t~ \'~ry grCintty in· 
('r~:\~PrL · . 

Tho i n \'Oution :\u\,jcct uf l hi:i Applicnt.wn is 
n.n hfiJl:'t)V(!mtJnt o n thi~ lnsi·M\rm:c1 piAn. 

JS ln <.·nrryi u~ out. t he iuvcntion I cou~ttnu·t 
1\ n('ld · mJ\J,(Ill'l lu'ldn :.: two ~ctsof P••lcs or in· 
\\"t\rJI)'·Ju·nj<,et;n;.! •:..tt·es and p1ttc«:<J siOo by 
Hi•lt), ~ll ,'\..:. pr:wt in~ II)' toJ(Orl1\ I WQ . fi,~hl9 or 
!ore-.! nod nll~·rntl tdy dispuSO«l-tha.t j, lu 

~.o ~ny, w•t.h tJ1'' rwlt»~ of ,,no!wt OJ' flr.l•l oppo~i tc 
1 h~ ~l~:\c~(,·!-1 )JC't WN'H tl•e ttth('r. ( tlum C<.Hl· 

ur·c·t t he fn:l" t>ud.q of Otu) ~··t of pol<'!1 hy &n('flltS 
of ln.n\iHIHC<l ·lf()fl hnn•ls t)l' Uritl,;c·J'iCCC:i or 
(.'<HI5Hlerl\hlv ~m:tllcr c·ro~~·!'.c:-('linn thnn tlu• 

~s r.o ··<'ll them~t·lvc~. whf'rt'by t he:- coro~ wi11 :ill 
(c)t'ttl pnrt:o. c)( <.'•llHltl~t<" rnt\~ll('li¢ ~tr<'Ui~. 
\-\' hen th" coils c,n ench !tel c)( mnhnc:ls At'O 
c·nm:N't•:~\ in 1n u lt i plc ti r~u it :01 or br4n(:h cs 
f rnm n :-sou rce •>f nIt ern n t i u g r n rrcn t ::a. ,-Jcc: ro· 

so matlve f•>rC(I.SB.r1>!iOtup in or lmpro~~(\o(juvon 
cncb circuit simult<tnoously; but tltt• coil& on 

tho mn;:nelically l>ri<lgcol or· shunt~d cores 
.Will liB\'C, by rCI\!iOO Of th{l ('lOSAd mag'ONic 
circuits, n hi~h ~('S(.induclinn, "·hlch rotnrc1~ 
tho current; pcrmitrin;.: 1\t the bcc;tnuinfl or ss 
ench impulse but littlf' cut'Nnt t.o pn><s. Oa 
the oth~r hnod, no such opp<>'ilion he in~ ~rt· 
countered in the:- oth<'r s"t ot r.oil~, tbe c;ur· 
rent passes fraely th•·on~;h tho~m.•nR:;nctizing 
tho pole~ on which tht>y ft.rc wouncl. .Asaoon, 6o 
howo\·er, as the IAminl\tt>d Uritl::\~s Oc('ome 
Mturut~d ROU incnpnule or currying nil the 
lines of force. whlch the risin~ clcctt·o·tnoth·~ 
Corco, nnd C·OU$••qucull}' incrca~ec.\ current, 
produce, free pole~ nre d<.welope<l n: th~ end• G.c 
of tbe.cores, ""'hich,acting io conjunct.ioo with 
th\> othe,.,, protlueo rotAtion of the "trnMuro. 

'rho con•truction in detAil l>y 1rhich this 
lnveuti()n is illostrl\h>ll is shO\t'O in the ~<:com· 
P"h)·iug drnwin~s. 7Q 

Fi~.tu·~ 1 IBn "iow lo ~idoelc\'Ation of 11 n\0· 
tor eUtl>otlylng thu invention. Fig. 2 i~l\ ver-
I ico.l cr0~-section or the ~;un(•. 

A is the fraroo of the mutOr·, whi<:h i~ prefl.!r 
Ably built. up of she~t.s of it·on pun<'hcd r)ut 7S 
lt> Lho) rlesircd $hRp0 ~lld UOitCol together with 
insnll\tion of" prO!h:Or chArnct(U' IJotwe~n thG 
shet~1s. \\"hon co•uplcrc, tho frnmo nlflkos n 
tlch.l·mA~nct with inwunlly·projct.:ling poJc .. 
piccos ll Mtrl C. To aolapt · them to the re· 8o 
quirem~n'ts of thi~ pnrticotlnr cn..o tltcso pole· 
J•ieces .aue out of lino '"'ilh on~ nnnth~r,· thos<' 
marked U surrouhding one eud of tbe crmn
l)lrO nud tho othc>"!, ~ C, the opposite ~ntl, 
nod they nro dispos~d "ltcrol\toly-th•t is to 8s 
any. the polo-pice<>< or one set occur in line 
with the •pnccs bt:t woon those of lh~ utbe•· sot.s. 

The nnnaturo DIs of cylintlrlcul form,I\Otl 
i~ r.J:sv lnmi u n.ted in the uspAl ·w~y J\Url j;q 
woUnd \ongitndinnlly with coils clCl!oed upoo 90 
thctnsc·l ··~s. 'fho polo·pieces C nrecouncctctl 
or •hunted by hrid;::e·picccs E. 'J'hC'\6 mAy 
t.c Utnole indopcn<.lently ·""' nttnchc;l t.o the 
pr>l!!·piecc:s. or th<'Y n.My h•l })1\rts ot tho forms 
or bl~<nks •uuupoJ or punched out of sheet· 91 
iron. Thl'ir si-Lo or m11.~:> iS determined by 
\'M' ious cont\1\iuns, such n~ tho. strrngth of 
thCl current to l>c etnployo<l, th~ ronM 1)1' slzo 
or tbe cores to which they aro nppplied, and 
other "CII·undcrslootl contlitieins. 100 

Coils F surround tho pofe.piccr.s B, f\od 
oUt<'r coils G r.ro wou1Hl on tho ~lolc·p!ecc~C. 
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·These coils :ue connected in snries tn two 
circuits, wbicb 11ro bracbos of a cireuit Crorn a 
~;encrntor of a.ltcrna.~ing current.~. and they 
tnny be so wound, or tho 1-cspective circuits 

5 in whiclithay ~<roincludod may bnsoarran:;od, 
that t ho circoit of coils G will h1wo indC7 
pendently of tho particnl~<rconstruction here
in ecocribod a higher se!C-.induction than tho 
Q,h,:r l!itcuit or branch. 

ro 'fhe·!unction of tho shunt.~ or bridge); E is 
that fb<ly ~tball form wltb tho core~ C aeloscd 
magncti<! circuit for.:\ cnrront up 'to 1\ prede
termined streugth, so that when saturated by 
such cnn·~nt nnd tinable to carry mo.ro lines 

rs of force than such a current produce.~ thoy 
will fo no further apprccinblo extent intcr
ferr. wit.lt the <levelopm~nt by ~>stronger cnr· 
ro.uc of free magnetic poles nt the ends or t'lo 
cores C. 

:o In such,., motor the current is so retarded 
in the coils G nn<l tho manifcSt.'\tion of tho 
!reo mngncti.~·m in tho poles C i~ dolnycd be
yond tho period of mnsioiUm magnetic cffcc& 
in poles B tha& a ~t.rong torquo is produco<l 

'l$ and t.hc m<>tor opMllt.eS "'ith npproximately 
· the power dovoloped in n motor of this kind 
cocrt;ir.cd by indopendcntly-goucr.1tctl cur· 
rcor.s <liffel'iu~ by a fnll-quartor phase. 

Whnt I cla.rm in this application is 
30 1. In an 'llt.ernati:ag,current motor ha~ing 

t1vo sets or ~cries of polo-pieces, the com hi· 
r:3tion, \f'ithoncof Sl1Ch sets or series, or mng .. 

netie shnut~ or brid~;os connecting t.hoir (reo 
ends,. aa herein set (orth. 

2. In An 1\ltcrnating,current motor hnving 35 
two sets or ~ries of pole-pi.rom ener"izcd by 
coils in independent ci.rcuits from~ tho s11mo 
source, tho comblnll.tion, with one of tho set$ 
or'serios of pole-pioce.,, of ml\gnctic shunts or 
bridges connecting their frco ends, ns do· 40 
scribed. 

3. In an aHcroating-cnrrent motor having 
a 11\minlltcd ,or subdi\·idod tiold-mn:;Jiet pro
vided wi tb two nets. or Mrics o! corea or pole
t>ioces, tho combination, with such polc-pioc~. 4S 
of onorgizing·coils oonnoctcd, rcspoctivoly, in 
t.wo circuits derived from tho snmo sou reo oC 
alt.eroating curro'nts nnd larninl\ted or sub-
di vi dod ironshunts or bridges of sm~<llet cross
section. than the polc-piece.q; ""d joining tho so 
f•·ec ends of all tho cores or pole-pieces orono 
~et to Corru clos~d """::netic circuits,"~ set 
fort.b. . 

4. In >In altnrn:\1 in:; ·cnrront motor, the com· 
bin(ltion, with n set or ~et'ie., of field-poles SS 
:ln<l cnergi?.ing·eoils wound t.hcrcoo.of :\n in · 
l.ermcdinto set of polC·!iicce~ forming port ion~ 
o,f clbsod mngnetic circuit~ nuu coil~ thereon 
in a circuit <lcri\'ed Crnm ~ho s.~tno source of 
altornntin'g currl\nts ns tho nthcr, ns set fo•·Lh. 6o 

NlKOLA TESLA. 
· W itncsses: 

RonT. r.. GA rLoRD, 
PARKER W. PAO&. 



P-122 

t No Model.l 
N. TESLA . 

ALTERNATI NG CORRENT MOTOR . . 
No. 433.70 1· Patented Aug. 5, 1890. 

(' 



UNITED STATES PATENT OFFICE. 
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To aU u.:hont. it rna.y r.nnr.r.rn; 
Bo it knowu ~hat l, NtKOJ .. A TE~LA, 11 ~uh· 

ject of tho Em pcror of A u~tria · JI ungnry, fl'nm 
Sroiljnn; LikA., horUor <:uuutry of .\uslrin· 

5 Hnngnry, rc..<;ic.Hn~ a.t.Ncw York, in the tc')unty 
:>url Stille of !\ cw \' ork, l•a YO in Y~n to••l ecl'tnin 
n<!:«" R.nd useful lmpro\·cmcnts iu Elcctri<·nl 
Transfur•nc~rs or ln<lu<~tion Dcvic(lo:o', of wlaich 
the fo!lowin::- is a :;p·ecificntion, rcfcrcnco be.· 

rQ ius had lo tho druwin;;s nccomruulying nnd 
forming a part of tho sn.ruc. 
:nli~ inq~ntion is an imr)roycmcnt in cine· 

tn<-al trnn~(ormrr~ (lf converters, and h:,~ for 
its main <tlJjcctS t.hc 'pro\·J::;ion o( mean$ (or SC· 

1 s curing, first., n. phase ditTt•rcncc between tho 
primP.ry and sccourlMy currents adapted l<:> 
the npcr6tion of my altCniRtin:;~c·urrQot mO· . 
tors nncl other Jiko purp<lSCS, and, second , n 
constnnt current for :\ll !onUs imposed uvon 

"o !he Eecondnry. . 
In transformers ns constructed uow anc.l 

ltcr<'!Morc it will bQ found Lhnt th<: olcclm· 
HJOth'e furce or the secondary very n(:arly Ct>· 
i<u:i<l o~ with thnt of tue. pritnary, bcio~,ltow· 

25 cv,!r, of nppo~ito sign. At tho same timo t h~ 
cun~nt.•, hoth primn•·y nod sccondo.ry, lb!: 1,. .. 
hind their respectiv<> elc~lro·motivo f01·co'; 
but as this lag is practically or ncnrly thQ 
61\nu) ir1 the case of each it follows that th~ 

Jo mnximurn Aud minimum of tho priuuuy nrul 
•ccon<lnry currents "'ill M:trly coir. cidc.l, but 
1li fl'cr in si:;n or direction, provided th-. s~c · 
oudary bo not loaded or if it conl<tin devices 
lllWing tho pn>pc•·ty of $•,lf·induction. On 

JS tho other h~nrl, tit~ Ia~; of t hopritMryhohincl 
tbo impressed clcctrO·ruoti\'c for~o may bc·li
llli 11 ishcd by lo:~d in;:; t ttc ~econda ry wi 1 h a n<.>n
iuduc:i\'O or de;ul r~si!'tanco-sHr.h a~ inr .. '\n· 
dcsconllnmps-wltcrc•by the time intm•·nl he· 

~o tw~(·Jl the maximum or tho minimum pcrio~l:o\ 
of tho prim:uy aud ~~condnry cun~uts is in· 
crease:• I. Th i~ li HH> in tcr\''af, ho~'Q\'Cr, ;~ 1 im· 
itc•l, :u><lthc results oll!ainccl by phnso dif· 
f~rcnco in the opcration of snch devices as 

lS my nltcmatin;:·cu•·rcut motors can ouly bo 
approximately reali?.ed llyeuch rncnns of pro
c.!ucin; or securing this cHffarcneo. n.s abovo 
intliented, for it. i~ <.!(!.sirahlo in such cases thnt 
t.bcro should c>eist bet wecu tho primary nncl 

so secondary current~. or tho5o whicb, bo"·ovcr 

prnd ll<'NI, p!l.Co\3 1 h rou~h l.h\! r.wo circuits o( t.h<: 
IJ)OI()r, a' Uifr~renco ·of ph:t .... O or ninc1y do· 
;.:1·cc:o;; <•r, in other \\'Onl~. th<~ <'lll'I'CIIt in on('l 
circuit. shoutrt· ho mnximum when that in tho 
o.tla~r chxmit. i~ ntinimu·m. To mu1·<~ p<'rrc.~r.tly SS 
l'lctn.in to this ~onditif)n I c,ht~tin or ~o<:un: ;)U 

iUCI'!!a'!'e<l rct.arcta.tion ctf tlw ~rcundary cur
rcu t.i u tho { ollowio~ man ncr: r n~tond of hri n~
in~ tho pt·imnr}' :uul :wt~omlary c:nil:-o or cir· 
<m i l!-l·of a lram•formt::r i uto tho <·Jc,~·~~t. Jl(l!"."'· 6o 
hi(! rdaLione, as h;1..~ hitherto b~cn clo11C, l1•ro· 
Lc:ct in :i mCSL.'mrc t.hc :--t"<'Untlan· (nun the II\· 
d uct.i \'0 1'.etion or cJTcct: ur the pi·i rna•·y hy sur· 
wurhlin~ either the prjrnary c)r t.hC' sncnudar}' 
wit It a cornpt\rati\'cly·thin tua~nctic shidtl or 6s 
screen. V tnl<~r t h~::~u con<Htious or circum· 
~t..'lncc~. n~ long a.,"\ the primary <''Urront hn~ n 
~rnall \';\luo., tho sh h•hl prot~Gt..~ t ht\ secmul:try; 
but.{LS soon :l~ th<) pri•l•:try current hi\.~ t·ca~lwd 
a. c:ct·tain st.rc·ngth, which b arlJi trarily tlc-lcr· 70 
m i JJ NI , t hu prot cct.i n;..: tu a~u<:t ic~la it·lcl hc:t:tunes 
snturfi.,Cd awl thu induet.h·t, :l.Ct.ion up011 thl) 
~ccmu]ary Uo;.:i n:s. h r.-:sult:-t, lhcrofc)r~. th:• t thC\ 
t;C<:.Oud,ory t·urrcnt h~g-iu$ {..c) fl<JW nt a. ec:•·tnin 
fr:\ction of:\ JH~riotllat<:r t.han it would w~lhoul 7:: 
tJtc i nt(!I'Jill:i(l() shield, anc.l siru:c this rctm·da · 
lion ln!\\' h_, obtained \\'ithout JH:C<.~arily reo· 
tl\rtlirtg- '.tho primary c:urrcut nl~n. an acf<'Ji. 
t ion:\1 l:t:.: i:-; secured, aucl1 he limo intCr\'al ho
twc~u t}~u maximum or: minimum pt·rio<lg of So 
tho pl'i :nnry tHl\1 seeond a ry <;n rr.,u r~ is in. 
crca.~cd. I hn\'O furtlt<.•rdlsccn-{'rc,lthatsu<:h 
11 trau>formcr .n11y, by properly proportion-
iog- its SC\'CrAl olcm~nl.~ aud dotortnirdn;.; in 
a ri1auncr w~ll undrrs!oo<l tbe proper rclatious Ss 
l.>c:wcen tho primnrr and se>:ondnry wi n<lings, 
tho thick rtcs.~ of the ron;,:netic sh ieltl, aml other 
~ondit.ior:s. l>l\ ccmstruc·•.cd to \=t('hl n consrant. 
<:U ncnt : .. t ·au loads.. No- prcc.isc ru le." en n ht.: 
gi\'cn for tho ~pccific cons1.t·uction ar.1~1 pru· 90 
portior•s for sccnrin~ tho l.l1}:;t rC$1lll:-\1 a.s th i~ 
i~ n. wntt.cr •lct()rmilt<Hl hy cxp<-runont. n.hd. 
<~alculut.ion iu pnrtieulnr c.~JLS<'~; Out t-h•) ~en· 
ern! piau of construction which J h:l\'0 tiO· 
scribed will ho fonn•l under all conditions to 9S 
con due~ lo tho attldumont of thi• ro.•ult. 

In tlw nccornpn.n yin~o:tlrawiu~~ I hA\'C illus· 
tr:\l11d tho eonslrn<'Llon nU0\'0 sot !orlh. 

Fi~u rn 1 i:o~ n cro~·~C(•tiou of n t t'IHISfurmcr 
embodying my improvemoot. Fiz. ~is a simi· roc. 
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Jar \'icw uf ,, modi fico fnl'ln of tt':\11Sformcr, 
~howiu~ dia~1·:wuua1 icaJiy the manner of 
u~in~ \hi) ~:unc. 

A ,;\ is the m:dn <'Ort.\ c)f the t•·ansfot·mcr, 
5 ~unlp,>:::ccl flf :\ rin~ of ~c,rt ann<'aic:ll anti insu

latNlor (l:"i•li,..ccJ iron wire. trpon this core 
is \\'tmtul th(l !"~coudary circuit. or coil BU. 
'J'his latt~r i~ then CO\'Crcd with :\ Jayet· or 
l:t\'CI 3 Of annca)ccl :UHl insulatcc.l it'OU Wir(':S 

10 c·c, wouml in:\ llin:ction at rii;ht ilng-lcs to 
b:tid s~con<lan· coil. 0\'cr the whole i~ then 
wouuil :he pt~iiu:\ry coil or wire n D. Ftom 
I he nat nrc of tlti; cnnstt·nctitlll it will ~oou 
b•: oh\'ions that. a~ loll;! as the shield formed 

'5 hy lh0. wir('S C i~ lJL·Iuw ma~uctic S:\lnr:l.liou 
lhc $.('f.'011ll:tl'_\' c:oiJ ()I' l'ii'C'Ult is CffC(~tU!lllj' pro." 

. tectcd or sh icl<lcol fn>m the inolncti\'c influ. 
CIICC or t .ht~ Jll'illlar~·. ahhon~h I wuu1c.l ~tate 
(hat on ('~pen cin•ni l i l may "·XhiVitSOHH~ <·h~c-

20 lrc-motivc forr.e. V..' hcn the ttrcngth or the 
primary 1'\'adJC'!-; n t~(·rt:lill vahiC.:'t th~shicld C, 
Uccomint; sat.tn·atcc.1.<:t.':lS¢f:.lO pro.lcct thc~cc

. oru.Ja.ry fro111 inducti\'(; n<:tion, :\1Hl cunt~ut i$ 
in conscqucn<'c tlcvclnpcd therein. For ~iuti· 

:5 I:H reason~. when the prima l')' Cltrrcnt ~,·cak
. CUS, tho W('a\.:cning Of thC S('COrulary i$ t'C· 

t:ml.cd to tloc same (H' approximately the ~a111c 
extent. 

The S[H!<.'i lie coust rucl ;on of the t r:\ ll!"f onn(lr 
30 is lnr;;oly imm:ttcl'ial. In Fig.:!, for cxam

[>lc, the c<H'~ A i~ buill up .,r t.hin insulatcol 
iron pln.tcs or disl;s. The priUl:uy <·in·uit J> 
is "'H\11H1 ncx l the con~ A. (h't!a.· llli~ is ap· 
phcd the fihl(ll)d C. which in this cnsc is made 

.l$ up of thin stnps ot· plates o.r irO)l pt·opcl'ly 
insulated nnU surrountling the J>l'im:u·y. form · 
ing :\ <.".loscd magnetic circuit. Tho sccon· 
;lnry ); is wound o1·cr tho shield C. In Fi::. 
~' also, E is a som·c-c of :lltcruating- ur rapidly 

,..o chan:=:i ng cuncnts. The prima.ry of the trans· 
forme r i~ connected with I he circuit of the 
g1·u (' 1':\ t () r. 

f js a two c;Jn·uit' :dtc rnating:C'llrrol·~t mo· · 

tor, ouc of th(\ ci~·cuits hcin::: conncct.cd ,·r-ith 
the m•in circuit from the som·co .r:, nu<l the 15 
othc: being ~upplie<l with currents from tho 
secnn<l:ll')' or thn transform~r. 

lla\'ing now dc!-Ocrib('d my invention, what 
I claim is-

J. In an eiN>trical tr:u:sfonucror inuuetion so 
~lc,·i('(', th~ combinat ion, '"ith tho·mi\in mag· 
netic cor(' an<l the primary and sccondnry 
'!oils or circuit..-:-. of a m~gnctic shiPld or screen 
intct·po~cd ,between ~aitl coils, ns ftcrcin. $et 
fo•·t h. 55 

2. In an clcctl'ical tran~fot·meror in<lucti1·e 
d(',·icc, tho comlJination, with the mag11ctic 
Cllre :n11l the primary anti sccontlnry coils or 
circuit~. or n magnetic ~hicld or screen sur· 
roun<lin~ one of sai<ll·oils only, :\S S<)t fot·th. Go 

3. In an tl,•ctl'icnl t.rnnsformcrorinuuction 
dcric~, Uu~ combination, with t.hc m:Lf,:nclic 

' core all\l the pl'imary and secondary coi l" 
wound thcl'~on, of n.m;l;;octic shield or screen 
woun<l on or built up nroun<l ouc only of said Gs 
coils, as <lcscl'ibC'd . 

4. In an cluctrical t.ransfot·mcror induction 
<1¢\'iCf", the combination, witU n mnin lami· 
natctl magnetic core nud prim;t1'Y nnd second· 
an· coils thereon, of a subdh·idetl or lnmi· 70 
u:il<·<l ma::nctic shield or sct·ccn intcrposeol 
bt.•tWl'l'll tlw coils, n!" set forth. 

:::,. )nan d'-.lCtricnl transformer, the cmnbi· 
u:tlion, with a mngn~lic core and primary 
and :O:<.!coucbry coils wound thereon. of a mag· 7~ 
nclie shield or screen interposed between 
saitl evils :uul surrounding one of I hem nncl 
adapted to I.Jc ot· capttblc of lJcJng mn~nctic· 
ally s~tur:tt<•d hy a predctcrminrtl current 
strcn;;th hclow 1homnximum in thoprimnry. R~,. 
as set fot·l h 

Nll\OLA TEST.A. 

Witnesses: 
HOilT. I' G" \'LORn. 
I'AHKEH \V PAC~ 
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Be it known l.hat I. l'\U\(.tLA Ti-::)1..1\, a suh· 
jc~cr of l he' I•: m pc ror uf :\ 11:-\L I'i a · H u n;.:-ary, f t'() n 1 
!':imi ljan, l.ika, Uonh~r ·~ountry or Au~rria· 

s ll u n;;:\ry. n t."id i O;.!' :H ~ nw York, in the cou n t.y 
"1\tl S tn t c: of N ()\V r ud~. II a \ ' C in vcn tc<l ci-rtn in 
••o-.·.·and uscfu) ltn fH'ttVl~ t ncut~ in f:lt.!CtrO·~fn~· 
netic ;\lotot~. <\f which rlu! followirt;:: isn~pecifi· 
c:Liwn , ··~f cn:tH.:c ht.·t U(: hnd tot hod t·awing3 nc· 

10 co •up:tU) in;.; nnd fnnuiu~ a ptu·t of the ~a me. 
Th i!-J 1 nn~ntion i:-c an im!')I'O\'Cmont in nltOI'· 

11 at 1n;; ·t' u JTen t. 1 a t>l •• ~~. n 11 U h n.$ for i t..o:. ;c n crnl 
vhj CCL 1,.() prod u <:C a sin;_:J,•-circui~ nltorunting

·turn!nL turtiUC ·rHO!Or c•f <•conomica.l nnd shu-
's l•h! <'or\:..t ruc.: t.inn 

Tht! uaturc• of tho iu\·cution wi!l Oo uu<ior· 
:--l,>Otl rrolll t h O fnJIIlWiH!! statcutt.•n t 

h is '"•lll.: now n that H n um;.:uct ic cor", cvon 
if faminnt ~(I or ~ubdivideU, be \VOttnd wi th no 

10 IU"-tllat ctl t~Oil and;'\ CUI-rent Of electricity di· 
r(•t·lt~d t.hrou:::h thO coil I h~ IHai{HOt.iz.n.tiOil Of 
the entire <;ot·o doc~ not immc:diatt:ly onsuo, 
tlu~ magnct.iziu~ cll'ect nut heing cxhil>itod in 
all p:u:s~illlultanClHt sl y Thi~ l nttribnt.oto 

2S the fact th;t t the actio n of tlu; Clii'L'•!nt ilj tO 
cncrgi~c lir:-:-t those hun i n.:l' m· pArts of tho 
curo ncarc~t t he su rra<'c :wU AUjaccnt t.o tho 
e xc i t i n;.; ·<:Oi I. au<l fto1n t.tumco tho action pro· 
;:t'(:S.SC~ townnl the inreriol'. ,\ ccr[Ain inter-

so va l of ti me thcr<·forc claps~~ bet ween tho 
mauifcstat iou of mn:;ncti~m iu tho ex te rn~' 
1111d t l11.! iutct·na l ~c<"lion:-;or layt\r~ of t he core. 
) ( lhc l,.:tll '(' Ut! I h i n 01' or SIII:LI r m.as. ... , tid~ cll't~ct 
rnny tJf: ir~appn•ciahlo; l>n [ i n tho (~ a.:-1.! of n 

3S :.hick COre:, Or CYCU Of a t:<.Hnp:\.rat.i\'c ly . thin 
one, if t.l!u uumlJct· •">r :tl tcrnntiun or ntto of 
than;.;c of t h(: cuncnt st.rf:ttrith .IJo very. 
gl'e;nthc- t i111c iuter\'.l-1 oct'uning: between r bo 
lll:ttdft.!'lat ivn:i or ma;,:nct i~n· iu tho interior 

40 vr thu <:OrC' ;.Lnd i n l hoSc pat'l$ adjact:ul 10 I h () 
<·vtl is moro ut ar·k ~d, and in th(' (•ontir.ruct-ion 
of s tic.:h apJmratus as tuoiOI'::> \\'ltich a'·~~ de· 
:-t~ucU to be run Uy altcrn:\1inc;ur t'tt11i\·alenl 
t.:UI'1'4,.-rt(:).-Snch :ls pulsa ting ot· UtlU nlatin~ 

t1S cun<:ntS ~CII{W:tlly -- [ havt; fon n•l lt.dt:Sirable 
and C''CII ucct•ss;u·ytogin~d 'w ccm s idt'\r;ltilm 
tot IIi~ pht•nom<~•~~•n and to J1lake ~pccial p ro · 
v1~i ous in or·d(lor t.o obv iato its conscquC'ncos. 
Th<> specific ol>i<'Cl or my prc5out in von lion i~ 

so to t:ll« '"1\·~ntagu of this action or clfcct, n"'l 

hy rendering' it. mot·c (H'OHOIIuC<:d to ntiflzc it 
iu the opc1·ation uf motm·s in ;;cucr:\1. This 
c)))j ('c t. I atta in hy eon."'tru~tin;.: a ficld -m:l:,:n~t. 
in which the part~ <Jf I he <:OI'C! or curc:i ihnt 
oxhilJit at differcut int<: r\'als of timo the m:t~· ss 
net ic effect impat·tc<l ·to tilc1u by nlternalin~ 
or · cqui\':tl{'ut. curn!nts ju au <HI<.:rzizin~ coil 
or coils arcS<) p1acctl with rd:\.tion to :\ rotnt. 
in~ r .. rmn tu I'C n~ to cx~rt thereon tlu!i r· ntt.I'I\Cl· 
iv~ Affect succca.'ii\'clv in t ho ortlcr of t.h!lir 6o 
mas'nctit:lliun. B.y lhis means I secu re a 
~imi1ar result. to t.hJ\.t which I h:wo hcrct()forc 
attained i u othet· fo•·m~ or t.spes of motor i r1 
which by. mean~ of ouc C)r more altcrnat.inr~ 
cu rrcu t~ I hnv~ pro1l uceu n rotation or p•·o· 6; 
s:ro~ion of tht'! IIH\;,:netic p.olt.s or poi nt::- or 
ffiJUiOlUUl attraCt·i<'>ll or the field or furCO. 

In tho dr:\ W1ng~I h•n·oshown a.simploform 
of motor. \'\'h ich will son·o to dcmou~trHtr. tho 
principle of the u1oclo of operation, which I 10 
hl~\'O abo\'6 dt"~cribcrl in gt.\neral l~rms 

Figu:c l i~ a side etC\'Sttion or such motor 
Fig. :! is a ~ido olo\·ntion of n more p ract ica· 
b!c nod cftlcion l emiJodimcut of tht~ in\·on-
Lion. Fit;. 3 i~ :\ cQntral vertical scc:rion of 7S 
the s:i.me tn thP J,~lano ..,f the axi~ of rotation. 
· RcrcJ'fi ng to Fig. I. let X l'eprc.~Jont. a l~r;.:o 
ulln· coro. wh ich lf\ay Uo compo:scd of~ utHu· 
bor. or shee ts or lamin:c or sofL irnn or ~tccl. 
Sutroun.t.ling t.his coro is a coil Y, which b go 
conne<'tctl with a sour<·o Jo;or I'Hpltlly· \':\ryiu;; 
C!Urron[s. L<'t u~ considot· uow tho magnet ic 
cotHlitiou~ O); is t-ing in t.hls ~oro nt nny potnt., 
ns b, at o r ocar t.ho -cenl01', nnd Any utl••.!l' 
point, a~ .a, ncn.ror tho eurCacc. When a cur· S;; 
rent-impulse i~ ~t.:trtcd in t.hc tul\-gnelizi ng· 
coil\', t ho sect ion or par: at a, being close to 
thu coil, is itn1ncdi.atoly euc rgitcd, wh i le tho 
::;cction or part nt. b, which , to uso n con \'Cn · 
i<lnl expression, is '' pt·otcctcd "by tho inter· 90 
,·cu i u~ s<,ctinn~ or Jayc•·s between (.1 an<.l b, 
docs 1101 at on<.:c<~xhiUitit:o>m:\~IICt.ism. ltow. 
ever, a~ the Jll:\g:ucti~atiou or (( iocro:l=--cs./, 
b l•cornc.s nlso atToctC'd. roaching finally its 
111al<iHHUU Sll'Utl;.!lh "iOU~C LiHJU lat.or than 11. 9S 
Upon the w<!akcning of tho current the m:tg· 
net ization or (t fir; t ditniuishes, wh 'lo" still 
cxhibi ls il~ maxi tuum 6trcngth; but tho ~on· 
t inuuu wc(lkeuing of a is :~ttended by a sub· 
"iNJUCat \\o'Cakcninc; or b. ASSlllnin~ t.ho cur· tOO 
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ront to l>o nn nltorno.ting ono, a will now be 
rO\'OI'$Cu, .,.hilo bstillcontinncsof t.he flrst·im
pnrtctl politdty. '!'hi~ ncllou CCintinues the 
mngnotic condition of b, followln~t thnt of a in 

5 tho mnnnor nbo,·e <loscril.>cd. It nn armn· 
turc-fo•· instnnco, n ~ilnplc disk F, mounted 
to rotnto freely on " " nxis-l.>o brough t iut.o 
proshuity ~0 tho cnro, 1\ lllO\"OinQilt or l'Otn· 
tion will bo imp•u·retl to tho disk, tho dirac· 

10 tiou tlcpcndi•i;: UJ>Oh itsj1osition rolnth·cly to 
the eorc, tho tendency hcinj" to turn tho por· 
tion or the disk ttcnrcst to t. 1o curo fro111 u to 
:.,.ns im1ic,'\tetl in Fi~. 1. Thisnc:lion orprin· 
ei pic Qf opcrntiou I hn ,.o cmbotlic<l in n prac· 

•S' tlcnl.>lc fCII'nl uf mot01·, which is ill ustmtc•l in 
Fi;.:. !!, J.ct A .in sfti•lligut•o r·crwescnt l\ cir· 
cuht•· fmmo of iron, front d i:lln otl'icllllj'·Oppo
s ito pvints of th~ intorio•· of whic \1 tho cores 
projcrt. t·:al'h cot·o is co n• pvscd.of t h reo mniu 

20 JUHtS U, B, and C, nud lhr.y nrc·. siwlilnrly 
formotl with :L strai;;ht: portion or bpdy e. 

·arouucJ whi..:h tho cncr:;izinc;·<'t)il is wou rul, a 
CUl"\'Ctl nrm or cxtonslon c, n.utl ;l.O in~v:\nlly
prOjcctin!; polo or eml d. Each core is mado 

·~ up of two 11:\rt~ B 1;, with their pol:tr ext en · 
~ious rf"a<'hin;! in ouc dit'<'\!lion nnd a p:ut. C 
bol'''\'c~n tho otlH~•·two ancl .w it.h its polar cx
ten~iun rcnching in the- l~ppostto dit·ccLion. 
In onlor to lcs~cU in tho COI'C$ the ei r~ul.lLion 

3" of cnrt'onts induced thorcin, tho RC \'C rnl sec· 
lio ns nro insulnttl<l from ono ltnothur in tho 
munuor nsunlly Collowe_!} in such cnses. Th~so 
cores Al'o w~nnd Willi co1Ts D, whtcllMo cou
necte•l in the smne circuit. ci t1•o•· in parnflcl 

JS or ~Cl"i(!~lc:uc.l s.upplit.::cl with nn nltornnt1n~or 
1\ pniSta 1 ing <:u rrcnt-, preferAbly tho Cormcr, by 
~~ scuor:tiOr E, rcprc~cn t cd dit\~l'r\UliiU\ticnl ly. 
Det.wc~n lhocor<'~Or thoil·polnr c.xlcusions is 
1nounted a cyl iudricl\1 Ol' siu11lnr nnnnturo 

.;o 1·\ wouuU wiLh tuag:ntliziuo--coils 0, l.h:\t aro 
clo~c<l upon thcJU~clvcs, ns i~ u~•tnl in n1oto1·s 
of t id~ ~cncml class. 

The ovc n~tion of this motot· is ns follows: 
'Vhen .'\current. impul~o Ot· nlt~1'nation i~ <.li-

45 •·ccteu tllruugh tho .coils D, tho scc~ions U J; 
uC 1 he core :-f., !Jciu~on tho su rCnco and j,, closu 
proxiutity to ~he coil~. 1\ru iuuncUitLL<'Iy cnf'r· 
~i~~d. "l'lao s<"ctious C,ou tho othor band, a.rc 
protect('() from the 111:'\~lll·ti~in; intlucnr:o or 

so tl~< coil by tho iutcrpo<c•l l:lycrs of iro1) B B. 
A~ tho IHt\~llcti~lll or I; H iucrCH!'CS, however, 
th e ~tel ion' C uro abo cncrgizo•.l; I}Jt thoytlo 
•lOt auaiu lhcir rm,ximum strtmjjth uotil n 
CCI'talu time s utJscqucnt IO thocxhibitiou, by 

55 the sections J..; B o( their umxintum. I.Jpon 
tho w('akeuiug of tho curt•cut the magnetic 

·s trc n:;th of H lJ lit·st diminish~R. while tho 
~et:rions C havu still thoir maximum strougth i 
uut n~ II I) continue to wenkou t bc iutcriOl' 

sections nro similarly \veakonO<l . n D tnny 6o 
then be.gin t.o exhil.>i ~ nn opposite £10inrity, 
wh ich i~ followc!llntm· by· n. simill\l· chnngo 
on C, nnd this ~tction continuos. ll B nnd .C 
may.thoror~ro l>o considorod as sopnrnto ftoltl
mn~nol s, being ext~nclc<l ~~ ns to nc( on the 6s 
armnturo In th(l most officiMt (>OSition~. and 
the o!l'oct is ;imilar to t hnt in my othor forms 
of mot.or-\'i?. .• a rvtat.ion or pro:;:rcssion ot 
tho mnximum points of tho fioltl ut Co1·co. Auy 
nrmllluro-such, for instn~eo, s.s n disk- ;o 
•nountocl in this field would roUito ft'Om tho 
polo firs t to exhibit it'! mngnclism to thnt 
which c.,hibits it later. 

It is O\'idcnt thl\t the principle hert!n tic· 
~crillod ""'Y l.>o cnl'ried out in conjunction 75 
with othc1· rncnn•, s•tch n~ 1 hnvo Cl$owhor~ 
soL fo•·th, for sccurin~ 11 more fnvornble or 
officiont nclion of tho motor. For oxnmple, 
tho pol11r cxtousions of tho section. C may l.>e 
wound or ~un·onn<ll)u l.>y cln•ocl coils L; ns in- ~o 
dic~tod by <lotto<\ lines i~ Fig-. 1!. Tho ofTcet 
of thc..~c coil$ willl>o to stillmore cO'cctivoly 
ruta1,t the 11\A;:nNiz.,tion O( t.hc )IOIM ex ten· 
sion~ cf l'. 

1 tlo uot wish tn bo unclct-stoo<l a~ limitin~ 85 
my~~lf to any part icnl~,: cun~tt·uction of thi; 
fOr Ill of motOI', ns tho S:lm() principle or 110.! iuu 
or opcr,ttion HII\Y he <:antctl out in n gc·cnt 
vn ricty of forms. 

IV hAt I clnim is- 90 
l. In . nn nlto.rua-ting ·curr,fmt. •uSl.tor. tho 

.c.omhinntion. with an oncrgizin~ .. c:oil :wd a 
co1·o cotuposcu. of two parts, ono protected 
f rom tnn:;uetiz.•tion by Lho uthot· intcrposod 
bctwoon it anti tho coil, of nn nrmatni'O 95 
mountetl with tho iuflucneo of thA fields of 
Corco 1iroclucod by ;nicl parts, as set Co•·th . 

:.?. Tho cumbinntion, in nn nltcrnKtin~··cur-
rOnt HJOLor, of a. rot.'\ting nrmnturc, 1\. 'fiold· 
ntaguot comr>O$Ccl of n coil nn<l 11 co•·o with too 
t.wo sections ·;u proximity to tho coil uud nn 
inner section bctwoen tho s:uno, tho sections 
being Cot·tnod or proviuc<l with polnr projec
tioos. c.,tcndi ng in opposite directions ovoror 
:ll'(lnntl the urmatu rc, ns sot Cortb. •os 
· 3. Tho cumUipnt ion, in nn nltoriH\tiu;;-eur· 
rout motor, of a rolatin~ nrmaturo, n frnruo 
and licltl·m.~:;nots th~reun, cnch COIIIliOSO<l of 
an onergi~in~·COi1 wound aroutult.L coro nu~do 
111> of outer un<l ipncr or protectc<l •nngootic t to 
so~tion•. encu of which Is form ed orprovldecl 
with ind c(lon<Jent l"to•·ally- oxtondo<l polo 
pieces o•· projections, ns heroin <lcscl'ibocl. 

NIROLA TESJ.A. 
Wituc~sos: 

ROBT. F. GAYI.ORD, 
PAR.XII:R W. J>AG:t. 
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UNITED STATES P ATENT OFFICE. 

NIIWLA TESI.A, OF NEW YORK, N. Y 

AL TERNATI N G · ELECTRIC·CU RREN T GENERATOR. 

·- . 
SPECIFI C.II.TION forming part of Lottora P~t<>nt No. 447,021, datod March 10, 1801. 

"'t~U~aUo:~ blt4lfovombez 161 1890. &rl&l Bo. S11,66,, (No aodoU 

To all whom. it may con.cenr.: other. notWPl'n·t he fuces so formed I mount 
llo it known that I. N!KOLA 'I'ESLA, n sub· or support .thu' nrmaturo coil or coil~ nnd pt•o. 

jcct of tho Emperor or Anstrin, from Slliiljnn, vldo cilbor for rotAting tho flel<l·ma::oct or 5~ 
ti ka, border cuu n try of i\ ustria-H u ngnry, TO· tho llrm!\ture, or boL11. and I nnnn::o the sn i<l 

5 sid ing a t. ;\cw York . in tho county and St:\te armature-coil or conductor so that it will be 
of New York,havo ·invcnte<l certain newnud symmotl'ieally disposed with rt>$pOct to the 
useful Improvements iu AlternAting-Current field-thAt is tosay,sothnt when ono portion 
~lachi ne~. of o;ltich the following is 11. specifi· of the conrluctor is pas.~ing through th'l 6o 
cnt.ion, r·eferencc bcin;; hacl to th'l nccompa· stron:test portion of t.ho field tho other por· 

·O nyinb drawi n,g:s. tion, which forms tho return for t.ho fonnor, 
In the sy~tcms of distribution of electrical is pr.ssiug through tho weakOllt point,q or 

· cncr;::y f•·om nlrcr nat ing-cnrrcnt goner:\ tors pnrts of tho flold. Tho strong~st points Of 
in pt·csent usc tho generators gi•·e ordinarily the Oold, it will bo nnderstonrl, nre thoso bo- 65 
from one to three hundred altcrol\tioos of CUI' t"'eon tho projoction~ or points on the polnr 

• 5 reut per seconr.l. I hnve recognizt>d 1\nd rloLD· faeP.S, wbilo tbo wMkost poir1ts lil' mid1vay 
onsu·A!cd iu practie~ that it is of groat ad- betwoon them. · 
vnntn~c. on mnny nccotlnts, to employ in such .\ field·wRgiret, when constructod n.s o.bovo 

· syste.ws ;;encmtors capable of producing a de,;'cribed, produces, w.h~n the enoq;i7.h.•;::-coil 7o 
very much grcntcl' uumbct· of nlter·nations is '.ravers.od l>v A continuous curre;,t.A field 

:o per socond-say fi ftcen thousand por second of lp·ontstrong.th,nod ono which mny be maclo 
or many more. To produco such a high rato to Vt\ry greatly in Intensity at points not far· 
of nlr~nlntion, it i~ uccc.-sary to construct· n t.hor •li~taut from ono nnothcr thnn tb~ eight h 
ma.chinc withag rcatnuml>crof pol~sorpolnr of an inch. ln n. ma.ch,nc thus Cf)nStruercfl 75 
projtcti<lns; hu t such construction, on this there is comparatively little of thnt ecrect 

25 fl"f!~'Hlut, in on.Jel' to Oo cJliclcut, is rondcrod which is kno,~n :ts "ma~nctic lc:Lka~e." nnd ... 
,\ihi~ u lt. If an nnrintnre withon~ pOI:\1" pro· I there is also but" slighL nrmntnre ·r·caction. 
j~ct.ions be nsed, it is not easy to obtain the I Either the nt•mnture·condnctor or ·tho fiold · 
nccessnr·y ~t·t·cngth of field, mainly in coos(). ma;;net m.~y be stn.tionar·y while the nt h~r r·o· Jo 
q u~ncc of the compnratiYcly great leakage of tntcs, nnd l!" it is often desiral>lc to Ulllintniu 

JO the lines of force f•·om pole to polo. If, on tho cooductors siAtion:~ry and to •·otato tho 
1 ho contrary, an llrrn;Hn re-core formed or pro· field· mo.gnet I hn •·o mado n speci11l mod iflca· 
1·idcd with pol:\1" projoet ions be employed, it tion of tho constrnction of the mnchino for 
is eYident that a limiL is soon reached nt this purpose, and with a view in such case of 8s 
wh ich the i ron is not economically utilizorl, still fn rthcr~implifyiug tho machinonnd rcn· 

35 being incapable()( following wiLhont consi(\· doring it more easy to mniotain in opcrnt ion 
cralJIC) loss the rapid reversals of polMity. I nrran;;o the nt·tnaturc·conducto•·~ ami tho 
To obvintc t hese and othcnlifficu lties, I havo frame or suppot·ts thorefo•· sons to support 
devised a fonn or maehinc ern bodying th•l nlso n fixed ~oil or· coils for cner~,:iziug t he r"· 90 
followin? general fcatnrcs of cilnstruction tilting lield nrngnet Ums o\lvint.ing tho om· 

40 I p•·ovulc n ficld·m~nct coro mndc up of plorment of au ·slid ing contacts. 
two independent p:u·ts formed witb grOO\'Cl! In the accompanying d•·awiogs I hnve ill us· 
for tho recep tion of 01'0 or· more cnet·gizing· tratcd the two typical forms or my machino 
coil>. Tho energizing coil, or coils, is com· above •·eforr~d t o. 95 
pletoly surrounded by tho iron core, except Figure I is u. verticRI contrnl soction or tho 

45 on oac siuc, ~·hc.ro occnl's ·the opening be- tn:lch inc, t.n.kcn on line.'\ :z: x or Pig. 2; nntl 
tween the point· face~ of 1 he co•·c, which open· l~ig. 2 i~ n hot·izontnl section on lino y ?I of 
ing JS mado :-\~ nan·ow ns the <'OIH.Hf..ions of F'ig. 1. The mn.chinc in theso two figurl""S is 
~he machiue will permit. · Tho polar faces Of onu in which tho :mnnture·condtrctor 1\ml tho roo 
thr1coroofthofleld nronot smooth, hutfot·mcd fi el<l·coil nro stntion;~ry while tho tlclu-mng· 

so with 11. gt·ont 111nny projcct ioM or Borrntion~. net coro revolves. Io'ig. 3 is 1\ vortic:~l central 
tho points Of which in OliO Hiolo or polar {nco section Of II IDQChiue ombO(Iyingth!>SAmO plnn 
01'1' prefornbly o~nctly oppo~lte thoo~ In t.hc of coMtrttctlon, bnthnvingaRtntlo~nry tleld· 

21 Nikol:t T~sla 
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mng:nct. nnd rotnliu:; n1·mntut·c. l•'i~. + is n 
dingl'llm illu~t111tin:; the p~culino· conti:;tu~>t· 
tioot oC th~ polar fnces nnd tho >'t•lntio.: of tho 
armntm·c C<>r>tlolctot· oo· contluctors th~rcto. s In F'ig!->, J antl ~~A A designate t.,,:o cylin· 
•lricnl C>"tings pt·o,·i<lc<l with l>t·ackotrnt·ms U 
H, in whid> latlct· 11>'0 bushings <: fOt' tho ro· 
tntin;: "haft. The contlucto•· iu which tho 
cnt·t~llts :\l'C intlucc<l mnv he con~tructed or 

10 nrran~;~<l in val'iou~ way~; but I pr~fcr to 
fonn it. iu thr. foiJowing ananncr: I tnko an 
nnuulnr plnt.c of copper 0 111111 by m~nus of n 
s.~w OI'Olhercntlin:;·toolcut in i~ rntlinlslot.s 
fJ'0\1\ ono r.tl;;c ncal'ly t.hrough to the othc1·, 

•s bc:;inuing ahcrnat<:ly ft·om opposilo Nlg~s.. 
In tld~ Wi\)' n. contil~uons ;,igtnt{ conUnctor is 
fot·mc•l. To tho.inucr etl:;o o[ th is plato :no 
:\dcut·ctl t.wo t·in;::s of uutHlHI'l!'llCtic ntctal E, 
which nro in~llla(cll from tho coppe r con· 

10 duot<JL', but hr.ltl firmly t.hcret<>, M by means 
oC l>olts F. Within tho t·in:,~ J.: is then plncell 
un nnnnlnr coil <:, \~hich is tho <'!nCl't.:;izing· 
coil fo•· tho fiehl-mn:;not. Tlw conductor D 
nnd tho ('lnrts nttncbcllthcrcto nt'O ~"l'Portod 

.- by monna <Jf the cylin<lric.~l ~hell or cnstin;( 
A II, t ho two pnrt:s of which :-u·c brought to. 
~:othct· nn<l clamped by bolls F' to tho Olltcr· 
c<l::o of tho conductor D. 'l'ho cotulu~tor f> 
is nl~o insul•tl~tl rr·om tho shell ,\. 

30 'J'ho cot·o fur tho ficltl·ma:;nut i~ built ntl·or 
two clrcnlnr p:ll't~ II ll, fonnccl with annulnt· 
!;1'00\'C.'l I, which, when tho ·two parts ·ltrC 
brou:;h~ together, form ·11 .SJillcO fm· tho rccep· 
tion oC tho cncr:;izing-co tl .G. The ccntml 

3S parts or hubs of U1o cores H 11 nt·c t rued off, 
so n.s to fit cl~ely a:;ninst one nnothcr, whilo 
tho outer portions or Oan:;cs which form thl\ 
polnr fnccs J J n~·c I'Cd need somcwhntin !·hick· 
ne~• to mnko ro.om for tho contluctor D, mul 

40 11r0 ao•·r·atc<l on theil· fnccs or pro,·illcll in any 
othor con vonient wnx with rohu· rrojoction~. 
'l'ho two p:u·ts of tho coro.ll II n•·o mounted 
on and 'lixctl to the shnft I<, anll :l.I'O bound 
togethct· L>y bolts L. The numl.>or of scrm· 

'45 tion~ in the polndnces is nrbitt·nr~·; but thor.o 
must exist l>c twccn them nnll tho •' a<linl por
tions o r the conductor D n corUiin relntion; 
wldch will ho 1mtlerstood by ref oren co to Fig. 
4, in which N. N l'Cpro!<Cnt the projections or 

so points on ono.faco or tho coro or the flcld, 
autl S :; tho points or tho otho•· face. Tho 
conductor I> is shown in this figure in SOC· 
tion, a c.' llc~i:;nnting the rndinl portions of 
the conductor, ami b tho insnhttiug-<livisioris 

ss botwoen thes:uuo. The rolntivo width of tho 
pnrts a a' and tho spaco L>otwocn nny two. 
lldjncont poiuts ~ .Nor:> Sis such that when 
tho rnd inl J>O t·tions <l or tho· conductor nro 
1,11\S:lin:; between tho opposito points .N S, 

6o \fhcrc tho field is strongest, the intormellillto 
rnllial portions a' aro piiSSing throu:;h tho 
wi<lcst spnces millwny bOtl\'eon such points 
nnd whc•·o tho field is wcnkost. Since the 
co.-o on on'o sillc is of oppo~ite poluri.ty to tho 

6s pnrt fncing it, nll t he points or projections of 
one polar fnco will bo o( opposlto polnrity·to 
thoso of t ho other f11co. "- llonco, nltl\ough tho 

spnce betwcon aur t~voll(lJnCont}loints ou lht:' 
Mmo fnco mn.y bo extremely sm111l, .there " 'ill 
bono lcnka:;() or thl' mngnctic lines bet ween 70 . 
nny two points of tho s.~mo nnmo; but the 
lines of forc'o will piiSS.across from one set of 
voints- to tho othor. 'fho construction ·fol· 
lowed olfvintes to n l:fCIIt degt·ce tho clistor· 
liOn or thO mn:;oetic lines by thl.' 1\Ction or tl\O 7~ 
current In tho conductor ]), ia which it will 
L>e obscn·ctl tho current i~ tlowin~t nt any 
gi\'Cn t imo !rom tl1o ccnicr townrd the pc· 
riphory·in o·no sotof mllinl pnrtsnnnll in t he 
opposite direction in ·tht:' n<ljnccnt' pn'*'! n '. 8o 

In Ol'<let· to connect tho cnorgi;ting·coil n 
with a sou reo of continuous ·cnncnt, I hll\'0 
found itconvonient to utilize two n<ljncontnt· 
tHai portions of' tho conducto•· D for connect· 
in;: the torminnl~ of thl.' coil G with two bind- 8; 
iu:;-posts l\1. I~ot· thi~ purposo tho plato Dis 
cut cnt ircly th•·ough,ns shown, tlllt.lth& brenk 

·thus mMlc i~ IJridl(etl o,·m· hy 11 shert con· 
d ucto•· c. . 

At nnycotwcniont point U•c pl:l.lo Dis cut 9" 
th rough to form two tcrminnl$ a. which 1\1'') 

connected to biollin::·post:l N. 
:-rh~ core JJ ll, when rotntcll by the tlriving· 

pulley r, generates in tho conlluctor.~ ]) nn 
nlternallng current·, whit>h I$ tllkQn oft from 95 
tho binding · IJosts N. Jt will l>o obscr\'c<l' 
that from the nnture of t.ho constt·.netion· clo· 
scl'illc<l this machine is cnp;~blo of JH'Ollucing 
an altcrnllting cnrrent of nn enormously high 
rnto of nltcrnntions. 

When .it is dosirell to rotntc' t ho couductoc· 
between tho fl\ccs of a stntionnry lield-mn~· 

10< 

nct
1 
I ndopt tho construction sho\Vu In l~!g. 3. 

Tho conductor n· in· this c.~o is or mny he 
mnde in substnntiRily tho sLLnlo mnnncr ns H>$ 
nb'ovo lloscl'i\Jcd by slotting nn nnnular con· 
lluctinl!·P)nte an~ supporting it bctwcon two 
hcn<ls 0, hold together by bolts o null fixe< I 
to tho driving-shaft K. Tho iunor o<lgo of 
tire plllto.or conductor D i~ proferably tlnngod 1 to 
to secure 11 firmer union botl\·een it nntl tho 
heads 0. It is insulated fl'Oln Mill hcnd. 
Tho fiold·mRgnot in this cn.~o· conslstll ol' two 
nnoulnr pnrts II II, pro\'ille<l with nnnul11r 
~:roovcs 1 Cor the rreoption of tho coils. 'fho liS 

tlnngca or rncos surrounding tho annulnr 
groo~o oro brought together, whil~ tho.in.nor 
fltipgc~ nro sorratoll, ns ·in tho previous ca.<ic, 
nnd form the polndnOOS: 'l'be two parts 11 
llllre.formod with ·n base·n. upon which tho uo 
m1tchino rests. 
· S S are non·tntcgnetlc b'nshlngs 80oured or. 

set· in tho centt·:tl opening or the coros. 
'fho conductor D i~ cut 911th·olytllrongh at 

one point to Cot·m torruinnls, from 'v.hlch in · us 
sulntod conductors '1' aro !eel through tho 
shoCt to collecting-rings V 

Whnt I .claim ls'-
1. ·'l'ho combinntio1·, in M annnlnr tlelll oC 

force !ormo<t l>y opposing polllr !nccs with 130 
mlllnl groO\'OS or scrrRtion• nnd with 8111<1 

.poles, or a connected series o! ralllnlcouduct· 
ors so dis'poscd with relation to theeet·1·nt1ons 
'thnt whilo ono portion of tl)q ralllnl con<luct-

.. 
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. ors Is pnsslng between tlle ~Lron~cs: parts of polar faces being placed with their groo1·c.~ · 
the field, or tho points 1<here tho two poles opposite to c.,cb other, nne\ a conductor or coil 
mo~t nearly approach, tho adjacent or iute•·- m6nnted bot-.~cn said faces with tho C<~pR· . 
mediate conducto~ will pass through the bility of mo1·omontacross the linE'S of force 

s weakest. parts of the fi~hl, or the points wbcro in a direction at rigbt angles to that of tbo 45 
the two poles nre roost remote, as set forth. grooves or serrations, as so~ forth. · 

~. Tire combin~~tion, 1•ith a connected so- G. In a magneto-electric macbino, the com-
l'ies of radial ~onductNS forming nu nnnular · bin~ttion of a sectionnl frame, a f•old·magnet 
coi I, of 11 stnt I on nry t w<J.pnrtsu pporting· fr·nmo core composed of t~<o con Meted parts, n •·otat-

to cln:nped to and insnlatod from tho outer ing shaft on which snid coro is Ulountcd, n so 
ends of ~aid colldnctors, a ring formed in two coudnctor in which currents u.ro to bo in
p:>rts cl~mpcu to the inner oods of th~ sam~. duced, tho convolutions of which aro mdially 
:1n ener~:ir.ior;·coil con ruined in said riog, nnd disposed bet"·eon tho polnr faces of the field-
a field·coro made iu t<vo pn•·ts an<l inclosing coro and secured to nnd supported by the 

'5 said energizing-coil and presenting annular frnrne, nod an cLorgizing·coil for t he field- 55 
polar f><ecs to the series of radial conductor'S, <:oro supported by tbe iudnced·currcot coil 
as described. nod contained in an annular recess formed 

3. Tho combioatioo, with .tho annul.ar con- by grooves in the faces of the two sections or 
ducting·plnro ~lotted to fot·m i conncctcl.l sc- the fiol<l-core. · 

oo ries of r:tdial condu.crors,a sectiounl support· 7. Tho cowbinntion, with opposing fiold- 6o 
ing-frame secured to and iusull\tod from tho maguct polo~ formed with projcNions or aor
·outor edg<.' of tho slotted plato, n secriou:tl rations in thoir fa~c.•, tho highest pnrts or 
ring s•:ctu·ed to and insnlntc•<l fr"" ' tho inner ·prominencos of one faco being opposite to 
eugo of Mid plate, a hollow oncq;izit:!(·CQil tboso of tho otbcr, of n conductor the convo-

'5 contained in sairl ring, and a field·eoro com· lutions of which nro adapted to pass at' right 65 
posed oft wo parts bolted together and recessed nngles through tho ma~octic linos between 
to inclose thconcr~i~iog·coi1,6ai<l cores bcin~ thn opposing prominonccs, ns set fo•·th. . 
monntc<l in a rotating sbnft, ns set fot·th. 8. The combination, with " z·otnting fie!il-

1. 1'hc combination, with two nnnulnr po- magnet coro having t~<o oppo~ing and auu,u-
30 lar fnccs of opposite magnetic po)>lrity and lar polar fac~.s with rndial grooves oz· serra· 70 

formed with opposite points, projec~ions, or tions th11rein systorur.tically disposod, so that 
serrations, of n conductor turned bnck upoc I tllo higb~t parts or promi11enccs of ono faco · 
itself i o ~~~ bstnn t inlly rail ial con ,·olu tions nn<l lie opposito to thoso of the othor, of n statipn
mountcd in tltetmnuln•· field, whorohy n rOIIl· ary conductor "'ith radiv.l con,·olntions nod 

35 tion of tho field or said conductor 1•ili <lovclop mounted between the polar !'>Lees, as set forth . 75 
th~r~in nn al!~rnnting cnnent, a,;· set forth. NWOI 11. TESLA. 

v. f ho con•bmnt•on, wtth n polar faco of ~ ' 
gi1·cro polarity for med with gt·oov~s or r.crrrt· \V'itnesses: 

·tions, of n polar fnceof oppo~ite polarity with ROBT. F. GAYLORD, 
40 corresponding groove~ O!' serrations, the t wo PARlCEit N. PAGE. 
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uNITED S T ATES' PATENT OFFICE. 

NIKOLA . TESLA, OI~ ·NEW YORK .. N.Y. 

ELECTRO• MAONETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 45~,007, dated Juue 30, 1891 . . 
Apj11ication S1e.d Jau~a.ry 27,1891, ~riAl No. ~79,251 . HiPa:OOc!J 

To all whom. it mrty cor~cern: 
Bo it knuwn thnt I, NIKOLA T~~r.A, a snh· 

jcot of tho Emperor of 1\u~trin, from Smilj~n . 
l.ikn, honlcrcunntryof Austrin-Hungary, and 

5 residiu:: nt Now Yo1·k, in thc~onutyand State 
of New Yo1·k, ha~·c im·pntc<l certain new and 
usefullmp1·o,·cmen.t>' in Elc~tro·i\1 a,:: netic Mo· 
tor.~. of which t l•c fnllowiu:: isasp .. cilkntion. 
1·cf~r~uce being ha1l tn Lbe accompanyin:: 

10 drawings. 
The ~nbjc~t of my JH"t>Sent invcnt.ion is nn 

iulprovemcnt primarily d•~si~ncd fol·applica· 
tion tu nltcrnnting • cnvrc1il moto1-s of the 
~pecinltypo iiwcntcd by u1c,:.nd of which the 

IS opcrntiou j, due to till, Mtion or altcrnatiu:: 
currents differin:: in J>hasc mal dil·cctcd 
throu~h or •IC\"Oloperl in indcpilndcnt cne1··: 
gi7.ing-circ:uits in tho motor, antl ca~:-;ing n 
shifting 01· rlltntion or the mngnctic poles or 

zo their rcsuh.ant nttracti\·c forces upon Lho r()· 
t:l.ting clement or armotttll'<'. 

My improvcm(\nts nrc b:\Sc•l upon <·Nt:tin 
ln,;s ~ovcrnin~ the action oa· cffcct.":i protlttccd 
1,y u condcn~cr·whou connected to 11n electric 

2 5 cir::u it through which :mal tcrn:ltiug or in ~en· 
•~r:tl1an'undulating current is m:'t.<lq to p:l.S$. 
~outeof th(\SC effect~, a ncl those 11\0St i lllfo<>rtan t 
in con 'n(~ctio n with my in \'Or\ tion ,ar<-;\s follows: 
F1 :-st, if th1• t::rm in:.tls 01· plat~~ of a C()n•lcn~ar 

30 !>c contH·cted with two point::. of a circuit·, tho 
potentials of which arc mauc to rise nml fall 
in rapid succcssi0i1, t he corHlonsc1· a llows t.hc 
pa:;sagc o1·, mo1·c st1·ictly speaking, the tmnS· 
ferrc:•ec of ll- cun·ont, ah.hou:;h itg p lntcs o1· 

3) :mnatnrcs m"y be .~o carefully illsulatod as to 
III"CVCOt :tllllOSt COIIl[>lt,lc-1)' thO" passage Of 11. 
cm·tcnl of. un,·;af'yiu~ strcngtl\ Ol' <lire<:tion 
:. :Hl ()f mo<lcrntc cl~ctro- molin• force; ser.ond, 
;{ :\ Cit"CUit fll<; 1CI'Utina}s or whidt t\I'C COil· 

<c ncctcd wit!) the p!~tc.~ of the con<lenscr pos· 
scss a c<·rtai u scl(-iuduction, the coudcn~<· t· 
will OV'Cn;OHIC or countcnu:l to a ~l't1ater 01: 
lc.;.;."i deg1·cc, dependent u:)llu wcll·uiHlc..~r~tootl 
.:ond it ions, ~Ill; e tr.,cts ol" "uch ~d f. inlluct.ion ; 

45 thin!, ii ~wo llOinL' of a ct.,sc<l o:· complcto 
c;i reo .t th l'OU::,!h wit ich a rapidly l'isi n~ :uu l 
! ulli ng current tlnws !Jo shun lt•<l or lJ rid ~ell 
1))' :t CO ~tciCO$Cl', a.. \':l.ria.tion in the Sli'CHg:, h of 
I he cu n ·ents in the hmneh<:~ :md abo a dif· 

so fcrcn1·c of plt:tse or ~he cun cnts tht'l·ci11 is p1·o· 
dnec•l. Thcs<J effect~ 1 hnvc utilized and np
plicil in a \"1\l"it·ly or ·way~ in t hC\ "constmr.1ion . ' 

anJ opcrntion of my motor!<, ns lJy 111·odueiog 
" ditrerenee in phn~c in the two energizing· 
oircn its M M nltcrn:t~in::-c:urrent mot.ot· by ss 
connecting the Lwo circuits in derivation and 
conne<·tiog up a cood(':nser iu series in oueof 
tho ci ren i t.•; but ~ucb applirnt ions ~ecn1 to IJo 
obvious to one· farui1iat· with n1v motors and 
the fact~ nbov() enumN·atc<i. • Co 

~ly present· i rupro1·~nicnts, howev~r. possess 
certain novel fcatm~s ()( prn.cticnl vn.Juc nod 
invOl\"C n. know;c<l:;c Of factS leSS {ll'O~rally 
known. These impl'O\'~m<'u ls co1uprisc the 
'"~of a condenser or condensm·s i•Y.Conncc· 65 
lion with the induced or :~rmaturc.: circuit of 
a motor and c~rtnin details '<>f the con~tntC· 
tiou of.~uch motor,. In an altern:ltin~;·cur· 
1·cnt mowr or the type to "'hich I have p:lr· 
ticularh· ref c •-red above, orin nn v ,,tho\· which 7<> 
hns nn ilnnat\H"Il coil , ... cir(\uiL closed hpon 
itself, the latlt:t: . rcprcscnts no~ only an in· 
tluct.ivc rcsistnnc~, bnt on~ whi~h is pcriodi· 
cn.lly va ryin;.:- in value. both or which fact.s 
complic:~te aJHl render difficult }.he a ttni nment · 7 5 
of the condit ion' best su iiQtl to.thc most oOi
cicnt wol·kin:: of the me>ttll"s. The most cm
cient work in:; conditionS, .in other wo1·cls, rc· 
<Juil·c, fi1-st, that for a given inductive <itTcct 
upon thc .nrmatur~·J.hcrc should be the g:r~~t· Ro 
est pos.~ih!c current thrOuf:h Lho armn.t.nro or 
in'lluccd cui!,, au .-1; ~cMnd, that. thc~e should 
nlways c.xist b etween the ClHT<'nts iit tho en· 
CJ1:il.iu:; atlfl th¢ indtu.'Ccl circuits a givon rc· 
lati"n of phn,c. !fence whntc\"cr t.~nds to Ss 
:lecrc:l.ge the scli· iiHinction :loll increase the 
c:m-rcnt in the induced circuits \rill, other 
things hci n.l{ <·qu:~l , incr•):ISc the output. nnd 
cllir.icncy ,,( thu nio1or, ancl the ~:uno will be 
true of cau,os that. operate lO maintain t!Je 90 
un:tnal at.tmcth·c cfi\~ct lJctwcon Lhe .field· 
um.:.wct.c.; a.ucl annnturo :\l it~ amn:.iuH\01. I 
sccu1·o these results by conncctia:: wi th tho 
i 11<l U<:t•tl ci rcuj t or ci •. ,u its a conUcn~cr. in the 
1nanucr. hcrciJJartct· tlo..">ct·il>c<1, antl I nlso, 9!.
with 1 his purllO:;c in· view, co·ustrucJ tltc mo· 
tor in a :-opccial mnnnc1·. . 

l(cfc:>rrin;.:- to t-ho tln1win;:~ ftn· n J.l•ll·ticnlnl· 
dcscl"iption of l hu i11v~lltion, Fi;:-u1·e 1 is n. 
vi ow, mn.i n I\' d ia~ranun:ltic, "f nn n.ltornn.tin;.;-· t :<. 

.current· moivr to which lilY prcscn,t ilh·ention 
is applied. F ig. ·2 jg n. ccn ~rnl section, in lino 
with the ~lw ft, of "~pccial form of t\rmntnrc· 
<·OJ"•\ n.dn1't"•l to the inv•mtion. Fig. 3 is n. 
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~imil:n section of n. moc!ificMioh of tb~ same. &nd ara helcl together by roll~ o1· lloll< 1::" Th~ 
Fig .. J is one of the sections uf t.lu) corP. c!('· hf)I!S pns.' throu;.:h II liu·;:(• h<>lc :n ( >1\() p:nte 
tnche~l Fig. 5 is :1. clingt·:uu nhowjn~ :\ m.oili- ancl a · r--mall hole in tlte orw tu·~t *Jjnccnt, 7o 
ttod d i~p-osit iou of annHt u rc or i !"l HC\•<1 ·c:i r· a ml S\J 011, <.·ou 110<.:1 in;; c:h.·d l'i<~.'l.lly nil of plat~ 

5 Cnits. 1\. aS Ulll' ·Ul'UlJ\lP.!:Q of .. n. , t~O.JJ<lt•! t :-if•l\ n.nd tlll or 
The general pl:\n of the iu,·cutiou 1:~ illo<· p lates K' ~~~tim othcor. · 

t.rnt.c~ ill F ig. J. A i\ in this fig-nre rcrn·f'· TO r.ith<.·rol' thec·on•lch~Cr::uthor\•tlt•l·a·t·ilw.:d 
' cnt the frallle an<llielu - mni:uct~ of nn nltcr- th~ m·mnliii'C·coil• llliiY bo c:CIIuH~cl e•l. 11s ex- 7$ 
uatin;.:-c·uncnlmotr>t", t.hc polcsorprojc<·tiou~ ptai~~cd by rcrca·cn<"e to Flg:. J. · 

JO of which nro ,\:Ound with <:Oils H t\1\d l', foa·m· ln mot.oi'S in which the arrnatnrc-coils nre 
ill&: intlcpentle-ut cncrgi;dng-·cir(:llit~ connect· cJo:)et.l ux•on thcm~Cl\'<'s-as, rur cxnmpl•:, in 
edei thertothcsanlco•·toimlcpenuo~tsourcrs nnv form of alt<wnalin;!-CIH'rCnt UH>I'or in 
of n1tcn~atin;;t C\ll'r<.•rtt~, a~: i:; uow , .. ·en urulcr· which one anunturc c.·oil or :\N of coils i£-t in So 
stood,~~~ that. tho currents Uowing thro\ Jgh Lhc position of ma:-;;imum in<lm.·tiou with l"(h 

•.; the circu i t~, rcs pr cl i,·cly, will ha,·o " diff•n·- sp~ct to t-he field t·oiboq>~lc~. while tho oth<'r 
cr.co of pha~e. \\' ithin the influence of this i:< in tht• position or minimu111 indul'tiou-th•• 

· fichl i:3 nn. n.rm~\turC·C.:>J'e D, '-voun<l \Vith coils coils Hro pn•.fcrnblir.ouncct\!<1 in nnt• :-· .. cwics, 
' E. Iu my motors of this •lc,eript.ion hereto· antl two points of the circuit thus for111cd nre Ss 

fore the~e coils havQ l.>oeu dosed upon them- hri•l!!o1l l>y "eondcn<e•·· Thi~ is illnstmte•l 
zo ~olve~, or conne<:tP,:d inn dOS<'d !-'CJ'i<'S; bnt in ill Fi:-. 5, in which · Jo; •·cprescnl~ nne toi<'t 

tho pres~nl c~so cach· C•Jil or llo_(} coancctctl of 1\l'llllllllrO · coib and E' the other. Thdr 
sc;·icS of COilS · lcnninalCS in' the opposite pointS of 1111i011 1\ro joincJ t hrou::h a COil· 
}JI.-,r.es of a condense•· F. For this p~; rpose <Jonscl' l'. It will l1o ubscrvc•l that in thi~ 90 
tho cntls of the ~cries or coils arc brou;;ht out uispo~it.iou I he solf- in•lut·tion of the two 

15 thtou~h the. shnft to c·olle:ctinf:·ring-s G;which b1·tmcl:c~ E nnd E' \·nrk.M with thc\ir position 
aro connected to th() condenser by contnct.- ·rdntive!y to tho ficl<l ·mngn<•l, 11ntl llu1t ~flch 
\>rushes H 1111<1 sui lablo r.o•1d uctor~. the con. b1·anch isaltcruatcly the pn•tlo111i 11111 in;: sou rcc 
<lcnscr l>ciug indepeuikut. of t.ho ·machine. of tho iu!luccd current.. llen•·c the effect of 9S 
The :\l'matlli'C·coils uo woltllll or conn<•eted thcoon•lcilSCr Fistwofohl . Fil·~t,itiucrenses 

~o in S"ch llll\nne1· thllt ;\olj:lr.Cnt r.nil~ f>t'Odnee the ClliTent in C:tCh of the b1·anch<•S alter· 
opposilo pol~s. nntoly, nnd, 'ccondl)·, it :titer< the phraM of 

The action of this ll>oto•· and the c il'c<·t of t he OII I'I'Onl< in the l>rmwl"·'· this hcin;: tho 
tl:e plan follower\ in its construction a.ro ns well-known eiTceL which l'l)stlll' f1·om ~nch n •oo 
follows: The motot· (,cil•g ~tm·tccl · in opcrn· ~i~fH')~itiun ,,r J\ c~'HhlCn!->Cl' witft n. Cil'cnit, ns 

35 tinn nnu thc cuils or tho li~ld-mngnet~ being a\Jo\·<' tles.:•'ihe<l. Thi' cfT,:et is fnvombl~ to 
i rlJ.\'CI'SCd hy :tltcrnnting Cltrt'Ctl(S, CUri'C-nls the ()l"OJ)Ct' worldn:; Of tho lllOtOI', bCCS\\lSO it. 
11\'0 induced in the arnmto•·c-ccftls l>y 011e set inc•·o<\sc' tho flow of currcut in the annnture· 
of iiel<l-coils, ns B, nn•l tho poles thus Ctitab· circuits •tne ton gin·n inductive ~!Teet. nod " '5 
lishcd fll'O ncted npon by the Other set, II$(:. :ti><U b~CilliSC it brin;;s 1110rc llcnrly into Nin· 

40 'rho tu·mt\tu re · (·oi Is, howc-vc.r, htwe nc<·c!-to;;a- cit.lcuco tho mns i 111 u m n1r .. ~:nct ic cllccts of U1c 
rily a high self-induction, which oppos~~ t.hc coact in::: livlcl nn<l armatnrr.·polc~. 
flow of tho cut-rents thns s~t np. The con· . It will· 1.>(' nndor~tooil, of course, that the 
den~er F not only pcl'ln its I he pn.o;.~ngc or trans· cnn,cs that eon t•·i hn to to the <'niciency of con. 1 tc. 
fcrrence of the'c currents, hot. also counter- denscrs whon applied to such uses ns nbovc 

· 15 1\cls the effects of l;(•lf-indnel-ion, and by n: must·bo gi.ven due considomtion iu cletenniu. 
proper adjust111ent of thecn.pacityof tbecon- ing tho p•·nclicability nnu eOicicncy ·of tho 

. denser, t-he :;elf-induction of tho coils,nnd ~ho motors. · Chi~f nmung the,;e is,. os is well 
periods of thc rnnents tlw conden~er may known, tho period ic ity of the cur•·ent, an1l 115 
bo· mado to on:~·como c•\tircly the effec t. of hcllCo the impro,·cmcnts which I have hct·c. 

so' ths self-induction. in described nrc more pnrticulndy adapt elite 
It is pr~rcnLule on n1·count of lhc.nndc•ir- syst.cm~ :n which n vC\r)' hi:;h rate of nltrrnn 

abiHty of .using ~liding cmtl~tCtK of all kin1ls lion or chl!ll(!O is maintained. 
to a!;So<:iato the condcnsOL· wit II the nrmnl u ro All hough this in vcn ~iou hns bema iII u:-.l·a·n.t<;cl 1 2c. 
dir<:ctly, or make it >1 parlof the armnture. horein in connection with 1\ $pCcin\ form or 

55 In some us.cs I uuild up the :11'1111\f.nrc or :•n· motor, it willlh' und,:rs lootl lltM it.i~ equally 
nulr.r ph1!c~ K 1\, hclu l:y holts J, hctw<'cn npplicnblo to any ot.her al te•·n:.tin~· c·o•.,.~nt 
llc.ads .M, ''"'hich aro ~ecurcU to t1tn (lt'lVinu· motor ln \vhich tllcro i:o. a closet! ~~nuntu,·e· 
·~haf~. ant! in the hollow spnco thLS fonnrd r coil .whercin the ClltTCIIlS are.in<luccll !,y tuc • •s 
place a eondcn~cl·F,gcucrallyby win<lin~thc nctiou .of tho field. nncl, rurt1acrmorc, 1 w()uld 

f.o two insulatcu plates thoreof ~;pirnlly around stAto that the fcalurc or utilizing tho ph1tcs 
t he eh~.ft. In other cases I nlili7.c th<: plntc:; or sections of" ma;;notic CMe forfonnin;; U1c 
of t:l1o core itsel f ns tho plntc.~ of tho con· condense•·, I reg:ml as applicalJI<', gcncmlly, 
denser. F'or oxamplo. in l•' i~r::- . ;; and ·1. N is to oth<.'r kinO:-; ()f alt~wnating-t:urrcnt nppa- ,3, 
tho clriviug .shn.ft., M M ><l'C the hcacl' of the ratus. 

65 nrmntnrc·core, ~tnd K K' t.h(\ irou plates of !Inving now d~scl'ibed 1uy 'invcnliou ,·;hat 
wbich the co:·o :s lmilt u p. Tho~o pl:Lt.~~ a re I clnim is- ' 
in~ub tccl f1·om Lh~shMI :uulfrolll one another, 1 1. I u an nltern:>.l.i ng-1!un<'n t me>t<lr, tile com• 

., 
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binntion, with the lichl-msgucis :tnil~ncr·giz: 
in;:-cir~nit, ot :tn nrrn:tture-rircuit and :t core 
:tolal>tc•l to h r. ctocro.;i•.ctl hy curr<>nls inrluccd 
in it:-; t·in ·uit hy tiH1 l"llrrc.·nt~ in tho fichl~ir· 

s "U it., a tod" <'Otulctoser con 11cetcd ,.; th thcnrmu
tur·c-eio·cuit or:ly, :ts .-ct forth 
· 2. · J 11 n u nIt e rut\\ i n~·c ,,.,.(, n t 111 oto r·, tho com· 

hin:ttlon, with nrmntnrc·coils in inductive I'C· 
lation to lht: forld nml ronucl'lcrl in n do~c<l 

•o circuit,(\( a ~outl~:usf)r hri<le;int; S:lid circuit, 
as ~•·I for·t h. · • ·· · 

S. I 11 n n :llf t•t'lla t i ng·<:UITC11 t motor, the com· 
hiuation, with :'\11 t1rlllatUJ'(' n.ud two (•ti~r;.:iz· 
in~·t.'it'cuits fo1mcd hy coil~ wonnU thcrC'on in 

1 s olilfcrcnt itotlm·til·c relations to the r.c;<l nn<l 
juin..:tl in:\ r'nntiuunus or c:lo$~«1 ~cries, of u 
condenser th<· pl11te:: of which urc connected, 
rc;.ptcti\'cl~·. 10 thP jnnt·l ions t~f lht. tirruit~ 
<>r coil~ ns S•l f11rth . 

:o .;; Jn~nttht'rn:)l i oz·c:urt,~ntmr.ror,thecom · 

butntio:J, with tl1c iuclucPd cntti~IZUI~ coil 01: 
COilS O( the 1\rnoatur;>, of 1\ l'llUdenser (.'l'rll· 
111'\'tc<l Uocrowith :tnrl rnn<le :1 pArt of tho :tr· 
nurtun• Ot' rntaling elcnwtol of lire rno111r. 

6. In an nltcrnnting-curre.tol onulm·, the com- >~ 
binntion, with nnRrruJ!lurc-corc composed of 
insulated cond netin%·plates alterontcly COli 
nt'cted 10 form n eondcnser,of "" inolucctl Cll · 
crgitiu~ coil 01· coils wouucl lll<"l·c•Hl nntl r.nn· 
11cctcd to the plntcs or ~rmnttorcs ur the snid ;o 
condenser. 

G. A wn~nctH! em·· · for nltcrnntin~·Clll'rCul 
npparxtUS, COIIII'IISCtl Of phllr• or ~octiOII' ito· 
~ulatcd fr.:>m cnch othr·r mul nltt•o·tontch· con· 
IICCt crl to fot'nl I he I wn l'nrts 01' nronnttit'l'S O( 35 
n condenser. 

NIKOLA TESLA. 
\\" itncsscs: 

PA~<KP.r: w PACa:. 
.FR.• ~:"' 1: Mu11ruv. 
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l.lNITED STATES PATENT .OFFICE. 

·mKOLA TESLA, OF NEW YORK, N. Y. 

ELECTRO~MAONETIC MOTOR. 

SPECIFIC/\ TION fonnin~: pru1. or Letters Patent No. 4C4,66Cl, d~tcd December 8, 1801. 

Applicatio:. Sle4Ju.l1131 ! 801, ·Sttlal NO. 399,3U. c!iomodet) 

To all who>n a may COitCCrrt: 
Bo it known that I, NtKOt.A T£SLA, a ·snu· 

jcct of tho Emperor of Anstdt\, from Smiljnn, 
J.i kll, uor<lcr COlin try of A nsldtl·Il u ng~ 1-y, n•· 

s sid ing nt ~cw York, in the -county and Stnto 
of New York, hii\'O in\'entcdecrtllin ncw;\nd 
useful Impro,·cmcnts in Electro· ~la~uotic 
!lfotor.<, of which the following is a specifica· 
tio n, rcfc renco bciur; hnd to tho dt·awio(:: ac-

lo comr,nnyiog null forming n pnrt of the samo. 
The general object of my present inYc ntion 

is to secure :trti lici~lly a lliiTcrcncc of a quar· 
tcr <>fa t>haso between tho cu~:rcnt~ in the 
1 \\"O cuer;;i:t.in~-circuits of :w :\ltcrna.ting·cur· 

1 s rent elect ro·mngnctic motor of th~t ~;cnc•·al 
class inn·ntcd by mr, in which the a ction or 
opcratiou is llcpcnden t upon the i ntlncti vo in· 
flucneo upou a rotntiog nrmnture of indo· 
pendcut field ma;;:n<'IS or coils exert ell ~nc· 

20 cessively and not simnll:utionsly. 
It is n woll·known fact thnt if the field o·r 

cnci·giz.ing circuils of $~1ch :\ mc>tor bo both 
<l<'rivcd from toe same source of altomntiog 
cuncnls and "conucusc•· or proper capacity 

•s be i!lcludc<l in ouo of tho .snmc, approxi: 
mnt.•ly th<' drsircd diiTot·oncc of pbnso may 
be outnin~d between tho currents flowing di· 
rcctly f•·om tho souri:o anll tboso flowing 
through the condenser; but t.hogront3izonnd 

30 CXpcnSO Of CO>fllcnscrs for this purpoSO that 
":ould meet t be rcq u i rem en ts of tho orlli nm·y 
systerus of comp:.rntively low potontinl arc 
pmclicnlly prohibitory to thoil· employment. 

Another no"· well· known method or plan 
35 of securin:; ndi!Icrcnccof phasobotwcon tho 

cner~:izing-currcnts of motors of this kind is 
t<> indu~o by the currents in one circuit those 
in the other circuit or circuits; but oo moans 
ha,•o he retofore bc~n proposed t barwoul<l se· 

1o curo in fbi~ wny betwcon th(\ phasos of tho 
primary or inducing and the secondary or in· 
lluce4 currents that diiTorence-thco:·c.tically 
ninety tlegrces-thnt is best nuaptcd fo•· prac· 
ticnl and economic;\! working. 

45 I hl\vc <iedsc<ln means which renders prac· 
ticn blu both the ~<lJo,·o-llescri bed pbusor met h· 
ods, nndby wh ich l ''m enabled to obtain an 
economical and efficient nltcrna!in:r·current 
1Uotor, my invention consisting in p!acio:; A 

so condcos~r in tile $econdnt·y or induced circui~ 
of the r.totor nbovo dc~cri!Jcdllnd rnising tho 
potential of th~ ~cco,ldary cnnent~ to ~uch a 

<lcg•·oe that :he capacity of tho condense•·, 
wliich is in part d('pcullont on tho potonti;\l, 
need bo quite small. Tho vnlno of this con· ss 
denser will be dotermiuod in a well-under· 
stoo•l mnuuc•· with •-cfereuco to.thcsolf·indnc· 
tion nn<l other conllitions of the circuit, so •~:~ 
to<iau~o the currcr.ts which pa$~ through it 
to IIi ffct· from tho primnry en rrcu lS by n qunr· 6o 
t ., .. pbnsc. 

The dm ' ring is n pa•tly-d iag•·am uutti" ill us· 
trntion of n moto•· einhodyin:; my invention. 

I h:we ill.ustmtcd tho inv~ntiou as om bodied 
in a motor in which the inductiv(' rolntionof 65 
the primary :.n<l secondary circuits is secured 
by winding them insido the motor partly 
upon the same cores; but it will bo uudc•·· 
Moou that the im·cutiou npplic:1, genet·ally, to 
other forms of motor in which ooo of tho en· 70 

,C r~iting·CHrrcntS iS induced in :\Oy way rrom 
tho other. 

J.ot A B mpr~sent tho poles of an nllcrnat· 
ing·Cll l'rcnt motor, of which C i~ tl\o nnn:-\· 
t uro wourul with coils D, closed upou tho01· 75 
seJ ,·os, as is now tho general pt·nctico in •no· 
tor.< of thi~ kind. 'fho poles A, which niter· 
nato with p~les B, nrc wound with coils or or· 
diunry or coarse wire E in such tliroction ns 
to m·ako them or alternnto north untl south So 
polarity, as indicatell in tho diagram by tho 
chat·actcrs N S. Over tbcso coils o•··in ot.her 
inductive r~lntiouto thesnmonro·wound loog 
ft nc-wirc c:1ils F F 1\IHI in the S:\Oto diNctiou 
throughout as tho coils E. 'l'beso coils nre Ss 
sccondnric~. in which cuncnt$ or vory high 
potcnlinl aro induced. I p•·efor to connect 
all tit I) coils E in ono series nnd nll the soc· 
on<lnri~s Fin another. 

On tho interme<!into polos l.l nrc wound fin~ ?O 
wiro onorgizing·coils G, which nro counootell 
in sorics with ouo nuothor nud nlso with tho 
~~de~ of scco:1dury coils F, tho direction or · 
wind in;: being such thnt a current-impulse 
iu\l ucctl from tbo primnry coils E imparts the 9S · 
samo m:~guctism !Q tho poles U ns thnt pro
d ucod in poles A by tho prirunry impulso. 
This condition is indicntou hy tho charaotors 
N' S'. 

In the ·circuit fonncu by tho t<vo set.s ot 100 
coils F nud G is introduced :1 condenser H; 
otberwi~e thcs:~idcircuit isclosotl upon itseli, 
whilo tho frco ends of tho circuit of coils E 
nrc con')ectcd to :1 son reo of alternating cur. 
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rents. As tho con<lcnsor Cll(lllclty vthich is 
uecdcil in RUY particulnr motor or this kin<l 
i~ dopen<lent upon tho •·nto of nltornation or 
the potential, or both, its sizo or coot, ns be· 

5 fore (.'Xplniocd, n>ay l.lo brought. within ceo-· 
non.icnllimits for use with tho orilin~~ry cir· 
cuits if tho potontinlof thosecondarycircnit 
in tho motor bo snfficient!y hieb. Jly giving 
to th& condenser. propor ·\'Aluca ·any desired 

•o di!foreaee of phliW l>et,Toen tho prilllRry and 
secondary euorgi:r.ing· circnlts mny bo ob-
ta i nod. · 

WhRt I claim is-
1. In lin nltcrnnting-curront motorprov'idod 

:s with two or moro cr.orgizin;; or field circuits, 
ono of which is lldllpt(>()· for counoetion with 
n ,onrc~ (ll curre!lts :u;j tho othor o~ o!b<1ro 

In lndueti vu roiAIIOn thereto, tho combination, 
"ith tho secondary or in.duood circuit or oir· 
cui·~. of n coodon,orlnterposod ip the su.mc, 20 

ns eot forth . 
2. In RD nltornatiug-curront moto•·, tho com· 

biuatlon ot two enorgiziag·circnils,.ono con· 
aectod or Adnpted tor connection wl~h 1\ source 
of 11ltoroating currents: the ot her <'.01\lltitut... •s 
ing n high-potontlAI eeOond11ry circuit in in· 
ductive relation to the llnst, And 1\ condenser 
interpoecd in SAid 60C0ndary circuit, n.~ set 
fo rth. 

NIKOLA TESLA. 

Witnosse~ : 
Ro!IT. F. GA \"L~l!D, 
t.iuntBT l!OPKl!tS.OH. 
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.To alt whom. it ma,y co,•ccr>•: to,thcpoo'l.sat·osonrrnn~od thntthomovomeot 
Bo i~ known.th.nt I, NIIWLA T~:SLA,ttcitizon or tho pi$tOII within tho cyliodct· in oithor di· 

or tho United Slates, residing at Now York, in ~cction ccns~s wbon t-l.•o to~co t?ndinz to impel 55 !"he county and Stato or Now York, have in· tt and tho momootum wluch 1t ht.S acqoiro<l 
, vcntcdcert,.io now ,uul usefnl Jonprovemouts arecountorbnluuccd by tho incroasing pross· 

in Electric Gcnorator;<, of which tho follow- uro oC thostMon or compros.~od nir io tbntoml 
log is t. spccificntioo, roforcoco being. bad to ot ~ho_cylioclor towl\rd wbiclt it is mo\•iog,t:od 
the drnwioJ:S accomp:1nyiog and forming a ns oo ttS movomeot tho pistoo hns ~!tutolr at 6c 
P"''t of tho same. "l:iven.poiut, the pressurothnt impollod iteod 

to In an application p! even clnto borewitb, ostnblishod lhoprcssureth.nlteod6to retorn it 
Serial r>o. 483,~G3, I have shown nod described it is _.th~n i,mpollcd iu tho opposite diroction ' 
a ' form or ongioo iuvcntod by 1110, which, un- .aocl'this /let ion is cootiouod ll!l long ns tb~ 
clor. thc iofluonce of nit npplicd rorco such ns requisite po·oMut'O' is applied. Tho loogth of 6s 
tho olastic tension of s tMm or a gas onder tho stroko will vary 'with tho prossuro, but 

•s prossuro, yield~ 1m oscillntion or constant tuo rnto or poriod of rcciproe~ttion is no more 
poriod. . dopondoot upon tho pr08:!u1·o npplicd to drivo 

In ordor that my prosoot iovontion muy bo tho piston, than would be .tho period or oscil
ruoro l'eaclily understood I will ilxplnin the !nti?o of~ pendulum porinnoonlly no:<lotaioed 70 
coudiUons wbich nr& to bo obsorved in order tn v1brnttoo, upoo tboforoo which periodically 

•o to sccur& this rcsulL . .impels it, tho ulfcctof variation~ il} each forco 
It is n won knowo mochaoical principle beiog moroly to produce correspoodiog varin

thll.t If a spring pc'iSessiog " sensible inertin. · t1ons·in tho length or' stroke or Amplitude of 
bo brought under tension, All by boiog vibration respectively. 75 
strctebed,nncl then freed, it will perform .vi- In practice lltavo found that tho bost re-

•s bratlons which nro isooht'OilOilS, and as . to suits aro securod by the ornployroont o! an 
period, in tho maio; dopoudoot upon tho ri- a·ir sprio~,:, Uult i•,n body of confined nir or 
gidityof thesprin~,110d its own ioorlia or I hat gas which is comprcased nod rarefied by tho 
or tho system of which it may forman imme- 10ovemonts.of tho pietoo, llncl ia ordor to ae· So 

, dinte pnrt. This is known to bo trpo in all curo.a spring.of cons\Jint ri~:idity I prefer to 
30 casos whcNl t!tc tore& which tcou~ to.brin,: tho Olnploy R separnto chambor or cyliudor cou

spriogor movablcsystc~ iuton :;ivon poSH ion \ainin~ nir M tho normal atmospheric pr083· 
Is proportioonto w the displacoroooL ure, although i~ might boat noy other press-

Io t ho constructioo of my 6ogioo abovoro- uro, nnd iu ><hich works a pluo;:or coonoctod 85 
!orred to I ha ve !o11o"ed und applied this with or carriod by tbo piston rod . Tho mniu 

:Ss principle, that is to say, I employ n cylindor ronson wby no cngiuo horotoforo bas boon 
nod & piston which in any suitable nmnnor I cnpabloor producing results or this oature is 
maintnin in ·reciprocation hy stonon or gas thr.t it l.oll8 been customary to connect w(tb 

·uodor pt•ossuro. To lh6 moving -pi~too or to tho l'OCiprocllting pnrts a hoevy lly·wbool or 9" 
tho cylinder, ·in caso tho luttor pociprocato s.oino oquivnloo t rotary systea:i of rolativo)y 

(O aod tho piston roinnin s!ati~oat·y~ n. ~ptiu~ is vory grCilt ·iuorlia; or in other ~sos whore r\o 
coonoctcd so as to bo mtuuuuocd to vtllral>on rotnry system was ocployed;ns tn certain re· 
thor(lby no<l whntovcr mny bo tbo iucrLin of ciprocaling engines or tools, no regar.cl ltns 
tho nist~n o1· or tho moviu:: systou• nod tho beon paid tothoobiJiiomontoC thocoo<litious 95 
rigidity or tho spring rolntively to c:.ch othor, oosootial to tho oud wbicb I bnvo in view, · 

45 provided 1ho practical limits within which nor would tho prossuro ot euch conditions iu 
tbo l11w holds truo tl.oat tho ron:cs which tend said dcviclls nppo11r to rooult ia My special 
to briog the toovi us syet~•.n to'll givon positiCJn nd ,·aotagc. . . 
nro proportionate to tho dtspll\cornoo!, aro oot Such an ortglllo as:I 1.1svo desert bod nl!ortls roo 
o•ceodo<l, tbo impulses or tho poiVer tntpollod n means Cor accompllsluog 11 result horototoro 

so· piston nod tho natural vibrtltioosofll.oospriog unattninod, tho contiouod production or aloe· 
will always corrcApoucl in direction nRd coin· tric corroots oC constant p~riod, by ilUpnrt
cidoin t101o. Jntl.oocnsoottbeongioe~eterrod ing tbo movorueuts of tbo pi~too to a oore or 
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co!l inn mngnePc 6cld. !Lshould be stated nod a small force applied p~riodicnlly in tho 
however, tba~ io npplyingthoongine !or this propordirection to r.Jnintnin it in ll)Otion, tbis 
purpose certain condi~ions are encount~rod forco would bn,·e no substM~inl control over 70 
which should bo tnkon into consideration in the period of tho oscillation, uoloss tho in-

S ordor to Slltisfeotorily secure the desired ro- ortinof tho pe.ndnlom•besmnll :ncompnrison 
suit. When;> coruluctor is moved inn mtg- to thoim!'OI Iing fo~co,antfthis 1\'0nld botruo 
notic fiold and n current caused to clrcn!t,.o no rnattor through '""-'t fraction or tho perio<l 
thor1)io,tbeelectro-mngnc!icreMtion betw~en tho forco m•y <lo nppliod. · In tho caso uod~r 71 
it and tho fiold~ migbtdistnrb tho wcc\Jswie:\1 cousi(]oro.tion tho engine js merely nn A~ont 

10 oscillation to such an extent ns to throw it for waint:<ining tho vibrntion onuo stnrtod, 
ootofisochrooism. Tlli~.foriustnoco,mlg)\t altbou:;h It will be ooderstood thAt thlsdoo3 
occur wbco tbe electro-mngnotic ronction is uot preclude the pcrCormanco or usorul work 
very gre11t io Colllpnrison lot hopoworof tho on- which «ould ~\mply result in A ~horteoing of 8o 
gl oe, nnd there is a rotnrdAtioo or th~ co rren t the stroke. My i oven \ion, theroCoro, involves 

<5 60 tbst tbo clectro-mngnC~iO rOMtion might the combin&tiOO or ll piston free tO reoipro
hl\l'O no eft'cct sin>i lnr tothsit which woul.l ro- cnte uodor ~he lnfluonoo of stMn> or a gAS 
snit from a variAtion of tho tension ot tho onder prossnro aod tbo nHli'Ablo element or 
sprlog, but if the circuit of tho gen£·rntor l>o An oloctric generAtor which is in diroct rue-. Bs 
so adjusted that tho phaseso!.thooloctromo- chnnlcal connection 'with tho piston, and it 

3o tivo force 1\n<.l current oolncido in tlmo, thnt is moce· osp<'cinlly tho object or my ln\"ention 
i~ Jo sny, •.<hen tho cnrront_ is 'not retO'rded, to Nocnr.o frol'Q such combination clectriccnr-
t hen tho gcnornt'Or <.1 rl von by tho en~;i co nets rents of n cons to r1t pcriocl. In tho attni o meat 
merely ns n frictional rcsi~tanco nod will not, of this object I bnvo found . it. proforablo t~ 90 
as a rule, nlte>' the period of tho meohnnieal construct tho eo:;ine so tbnt it of itseiC con-

'S vibrntion, /\!though it Ulayvnrylts amplitude. trois tho period.-bot ns I hnvo Stl\t~d before, 
Thi• condition way_ l>o r,oadily securod by I mny Go modify tho olomcnts or \Ill} oo'mbi· 
properly proportiouiog thosolf lncl uction nnd tUition that tho olcctro-run~uoticsjsto•n m~y 
capacity of tbe circuit including th)lgcnorn- oxort n )lartlnl or O\'on completo control o! 95 
tor. I Juwo, however, o!Jscl·vcd tho. further tho period. 

30 !net in coun•ction with the uso of sucb en- In illnRtratiou ot tho tn~noer in which t110 
glees as a menns for ruunjo~ n gooornto·r, iD\'Ootion Is cnnied out 1 now rotor to tbo 
tbat it is advnnt.ngoous thnt tho poriod of tho accompanying dral<ini/:S. 
eoglno and tho u111Uml period of olcotricnl Fi::uro I Is n control s~cttonal \'lew of nu 1oo 
vi brut ion of tho gcncra1orshould IJG t-ho snmc, on~;ino nnd goncrr.tor embody in~ tho inven-

35 AS In such cnse tbobcst conditions for olcctri- tlon. Fig. 2 Is n modiOcation of tho same. 
cal resoonnco nrc e3tnblishcd nn<l tho possi- Rofordng to Fig. 1 A: is tho main cylinder 
bility of distotbitlg tbo period o( mcchnoicJ~I in which ..-orks a piston B. Inlet ports C C 
vibrations is reduced to a. minimum. l bavo ·pass through the sido.q of tho cylioder opon- 105 

!oond thnt c1·cn if tho tbcorcticnl conditions tng at tbomiddlo.portion thorcofaodonoppo· 
40 necessary for maintaining a constant period in sitosldcs; Esbnost ports D D extoud through 

tho cogioo itself aro not exactly mnintnln~d. tb& wnlls of the cylinder nod nro form eel 
still tho engine a nd gonorntor combiued Will with brnnehos· tbat opoo ioto.tho Interior of 
vibrate at a constant period. For· oxnm pic, if the cylinder on c11eh sido o! tho in lot ports 11 o 
instc11u of using in the ongino nn in<lepondont nod on opposito $ides of tho cylin•lo.r. Tho 

. 45 cylinder nod plun:;or,nsnu nirspringof pri\C· piston Il is formed witb two circumferential 
ticallyccrustnntri~idi ty,l cnuso tho pi~ton to grOO\'()S E F which commuoicnto tbro11gh 
impiogo upon nir cushions at tbo ondA of its openings Gin tho piston V>ith the cyllo<!oron 
own cylinder, olthou~h tho ri;;idity of such opposite sidos of sAid piston rosp'octlvoly. 115 
cushions or sprin~s mighL bo considerably af- 'fho particular construction ot tho cylimlor, 

;o fcc ted and varied b)' thovarintionsof prGRsuro tbo piston and t bo ports controlling it rony 
within tho cylinder, srilll.>y combiniog, with bD vor)• ruuch· , ·nriod,nocl Is-not In itself am
such nn oo:;iue a:;oncrntorwhich hns a period torial,oxcopt that ln. thD spoclal ens~ now no-
of Its owu upproximnt~ly t!Jnt or thD onr:i"c iler considerntion it is desirnble t!>at all tho 1 zc, 
constant \' ibration may be mnintnincd oven porls, and more cspecinlly t)to c1haust porta 

55 through n considerable rAn goof varying press- shoul<\ be mnde very much larger thnn 'is usu
uro,oww~ to tho wntrollio~; action or tllo nlly, thocnso sothnt]lo force due totheac' 
eleotro-mugootic systorn·. I have eveo.found tion of tho stcnm or compressed air will tond 
that uodcr cortaio conditions tho inOucoco to retard or nllcct tho return of tho pJston In 125 
,.r thE\ ~loctro-magootic system way bo mado olth~r direct ion. Th<: piston'B 'i~ secured to 

6:> so ~rest ns to cntiroly control tho porlod of a piston· rod II whlt-h wvrks in sui tall to stuCT
tho m<'ch~nlcnl vibrntior. withiu wide limits Jng boxes In tl•o bend!! of tho cylbdor 11. 
,,f vor)·lng pressure. 'fhis is likoly to ocour 'J'hls rod Is prolongorl ononoaiuonnd 'uxton,ls 
tn tho•o ios111uees wboro the power of tbocn- through bcariogs V in a cylinder I suito.bly •JC· 
gloo ><hile- run~· capablo or mnlutnl_ni~g n mount_od or suppo~tod ip Jioc with tbo ftrst, 

6s vibration once stnrt~d. IS not ~ufficu:mt to s.nd Within whrch 19 n drs\: or ·plunger J car· 
ch11uge its rat~- So, Cor tho snko· of illustra- riod by tlw rod IJ. Tho cylinder lis without 
tion, H n penduhun Is ~tnrtcd iu ,·ihn\tion,_ ports of any kind ~ n <l isnir·li:;ht oxcopt s.~n 
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small leakage inay occur lbrougb to .. vo~·. 
ings V, which experienco has shown need 
not bo fitted with any very considerable ac
curacy. The cylindc" I is surrounded by a 

s jncket K which leaves au opeo spaceorcbam
ber around it. Tbe bearings V in the cylin
dor J, exlood through t be jackot K to tbe out·· 
si<.lo air nod tbo chamber l>ctv>cen the cylin· 
der nod jacket i~ made stc/\rn or nir-tigbt as 

10 t;y "suit~ble packing. The main eupply pipo 
I. for ste:.ro o•· comores.~ed air le11dS into this 
chaml>er, sod tbe iwo pipes thnt lead to tbe 
cylinder A run from tho said cb!'mber, oil 
cops M being conveniently 11rranged to do· 

15 liver oil into t he said pipes· for Jubrict.ting 
too piston. In the particu lar form of eng in& 
ahowo, tbe jacket K which contains thocylin- . 
der I is provided with a tlango N by \rbicb it 
i9 3cro..-~d· to tbc eml of the· cylinder II.. A 

><> smnll chnmbor 0 is thus formed which has nir 
''ents Pin its sides 11nd drip pipes Q leading 
ont from it through which the oil which col
lects in it is carried of?. 

'I'o G~'fllnin now tho opo•·atiou M the cngloo 
lS do5cribed, in the position of tbo parts shov•n, 
·· or wbeu tho piston is at the midd le point ot 

ita s~roke, the plunger J Is at th<> cent~r of 
lh<l cylinder I and the air on botb sides or tht' 
snmo is at the normal pressure of tho outside 

; o ntmospbere. Ir n sou reo of steam or com
pr~ssed ai·r bo then connected to tho inlot 
ports C 0 or tho cyliodoi>A and n movcmvnt 
bo imparted to the piston as by a sudllea blow, 
tho !litter i~ cautie<.l to reciprocntG in a mnn· 

·JS nor welt understood. Tbc movements of tho 
piston com1w~.~s nnd rnrGfy tho nir in tho cyl
inder I at opposite ends of tho same nltor
n:ttely. A forward stro:.c cowpresscl! th •J a it· 
ahead of tho plungor J which acts as nspring· 

<O to return it. Simi larly on tho back stroko tho 
air is compressor! on tho opposite ijido or tho 
plunger J nod tends to dr ive it forward. Tbe 
compres.~ions of tho air in tbo cylinder !"lmd 
the consequent loss of oDGrgy due i.>Jainly to 

4 s t bo imperfect elnstici ~y of tho air, give rise. to· 
a very coosidcre..ble amou nt of hoat. This 
hell\ 1-·utilit-C by conducting tlfe stoam or ~Grn· 
rn·e~scd air to the engine cylinderthtough the 
chamber formed by tho )acke~ surrounding 

jO tho nir-~prinrr cylinder. Tho beat thus taken 
up and ~.:Md to' raise thG tcmpcraturo of the 
01cam or 11ir :\Cling upon tl•o piston isnvnilod 
oi to increllse theetrlcienr_;·or thoeu::-ine. _In 
nny gi,'en eogioe or this kind tlte normal 

IS pr~ssure will prod nee-a ~trokeof dr,termined 
length , aud this ~·ill be inc•·CJI.sod or dimin
ishe:l according to 'tho incrcRSo or pres..~uro 
nbovo or tho reduction <>f pressure bolov> the 
normnl 

Go In const•·uct i ng tho appnr11t us p•·opor allow
nuco is maue fo~ a variation in tho leugtb of 
suoko by giving to tho co.:lfin,iog cylinder I 
or tho!lir ~priog properly determined dimen
sions. Th<> ~:res;tcr the pressure upon tbo 

6s piston, the bii;ber the dcgreo ot compression 
nf tho air-spring, and tho consaQoent coun
teracting force upon the plungor Tho rnto 

or period or teciproca~ioo or the piston, how 
e\"er, Is mainly detenoioed as described above 
by the rigidity of the ai r spring nod tb.e in- 70 
ertia of tb.e moving system, and any period 
of oscillation within vory widG limits may bo 
secured by properly portioning these faeton~, 
ns by vArying t be dimensions or tho air cba.m. 
l>er which is equh·alent to varying tho rig- 75 
idity or thesprlng, or by 11djusting the woigbt 
of. tbo moving par.ts. These condit10n8 are 
nllreadily <loterminable, and au ongioo con
snuctod RS herein descri bed may bo made to 
follow the principle of operation abovestateu So 
and · maintain a perfectly .uniform period 
throu:;b very wido limits of pressu1·c. 

The pressure of the air confined in tho cyl
inde•· wuon tho plunger I is in its central po
sition ~rill alway~ be t~racticnlly that of tbe Ss 
surrounding atmosphero, for v>bile the cylin
<lor is so constructed ns not to permit such · 
~wlrlen escape of air as to sensibly impai r or 
modify the action of tho air spring thoro will 
still b" a.slo'• lo~kngo or air .into or out o! lt 9:> 
·nrouud. tho piston rod :.ccordingto the press
ure tboreiu,sG that the pr(ISsuroof tho air on 
opposite sides of the plunger will always tond 
to .reruaia "at tbn.t of the outside allnosphere. 

T.o the piston rod H Is secured a conductor 95 
or coil-of wiro D' which by the IOOvemonts or 
tl~o pisto.n is oscillntod in tho magnotic field 
produced by two magoets B' B' which 10ay 
bo porru.ROG:.>t.mngoet~ or 00ergizorl by coils 
C' C' colinocto<l witb a solll·co of continuous rec
curre!Jts E'. Tho movorooot of the coil D' 
~~Cross tbG lines of forco cstnblisbod by tho 
mnr;n~ts gi~es rise to alternating cnrronts ln 
the coil. Thoso currents, if tbo period or 
mechanical oscillation bo constant will bo of 105 
constnnt porioo, nnd may be utili zoo for coy 
pur[>OSo desirod. 

In tlie· cnse undor consido1·Miou it i~ !IS· 
sumcd as a nocossary condition tbat tlie in
ertia of the roo\'able olemont o! the gen0ra- 110 
t01: nnd tho olectro magnetic ronction wbicli 
it oxel'ts will not be of such charactGr as to 
materially disturb the nction of the engine. 

Fig. 2 is an o:tamplo of :>. combination In 
"'bic!:l tho engino i-s not of itself cnpal>lo ot r '5 
determining entirely the poriod of oscilhttion, 
but iu whi"ch the generator coutributes to this 
end." In .tbis figure tbo engino is.thesamoos 
in Fig. L The exterior air spring is howG<>er 
om rued nod the air spac~s at the encls or the 1.40 
cylinder A relied on for accomplishing the 
same purpose. As the pressure in those 
spaces is liabie to variations from variationR 
i u _tho s.ton m or ·;!M used i 1i impelling the pis-
: ~~~ thoy might nffoct the p,criod of oscilllltion, 12~ 
ROd tlie conditions nrc oot as stablG and cer· 
tniu as in lhG casG or an engioo constructed 

.1\S in Fig. L But if the natural period of vi
bration of the Gl~tic system be mndo to np
pro~imatoly nccord witli the 0\"0ra;;-o period '3" 
of th(! ongino such tendencies to v&riatiou 
nr() very lnrgely overcome and tbe.ocgin.e will 
presorvo Its poriod oven tbrough n conoid. 
ornblo rnn~;o of varietions of pressure. The 
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generator in this ca~o is cotnposod ot a m~g
uetic casing F' in wbicb n iaminl\te<l core·G' 
secured to the pisto'n ro.d ll is caused to vi
~rate. Sur"ounding.tho !•Iunger nro l\VO ox-

S citing coil~ C' C', and ouo or 1noro induced 
coils. D' D'. Tho coils C' C' are connected 
with a. generator of continuous currents E' 
and are wound to· produce consequout poles 
in tho coN G'. Any movomcnt of tho lnttor 

to will therefore shift tho liaos of force through 
coils D' D' and produce currents therein. 

lu tbe circuit of coils D' is shown n con
deuser 11'. It need only be said tbat by tho 
use o! a proper condenser tbe.solf iuuuction 

tS of this ... .circuit may be neutralized. Such n 
circuit will have a cortnin natural. periou of 
vibration, that is to say that when ~he elec
tricity therein is dis.turbod in any WI\)' an 
c:octrical or t>lectro-ma::ootic .. ~·ibration of a 

zo ccrtl\in period to.kos place, a~d as this ole
ponds upou tho cnpncity and sol! indtlCtion, 
such period nllly bo \'ariod to approximlltolr 
nc~ord with tho period of tho ougino. 

!n caso tho powel' of tho engine bo com-
:s parativoly small, ns when the preasuro-is ap

.plicd through a very . small fraction of tho 
totnl strok~. tho oleotricnl vibration will tend 
to control tho p~>iod, and it 1s Clear that it 
tho character of such \'ibr11tion be not very 

30 wi<lely d:lfcroot !rom tho average pl'rio:l of 
,·iuration o! tLo engine under ordinary work, 
in)( couditivns such control may bo ontiro-
1y adeqnato .to pro<loco tho desired result"-

llnving now closcribed my invention, wb11t 
35 I claim is-

1. The combination with tho piston orequi.v
a!ont clement of·nn engine "hich is !roo to 
rociprocateuo<lcr the action thereon of stoatn 
or a gas unde~ prcssuro,·or tho moviug con-

4o ductor or otec~cnt or :m electric gotiorator in 
direct mccbanical connection therewith. 

2. Thocombination with tho piston orcquil•
:~lMt o!eUJcnt of an ongine which is fro& to 
rccinrccatc uu\!ct· t!loaction of src2m or a <ras . . . 

.under pressure, ot tho movang conductor or 4S 
element of an electric generator in direct me
chanical connection therewith, tbeongine nn<l 
gonerater.boing adapted by their rtllatlvend· 
justruent .with respect to periO<l to produce 
currents o! constnnt period, as sot forth. so 

3. Thecotnbination wit !Inn enginecompris· 
iog a piston which is !roo to reciprocnte un
der tho nctien or stea01 or a S:\S undor press
ure, 1\ud-nn electric gouorntvr having induc
ing and induced clements ouc or whicl! is ca- ss 
pablo e! oscillation in tho fiotJ of force, tho 
said mOV>\blo olemont being' c.~niod by tho 
piston retl ot tbo engine, ns 'sot forth. 

4. 'l'he combination with an engine opor
atod by steam or a gas under pressure and hnv- 6o 
ins a ~onstnnt period of reciprocation, or nn 
electric generator, tho moving clomont of 
..-bich is carried by tho reciproc.~ting part or 
tho engine, tho :;on orator nnd its circuit l>c
ing so rulated to tho ongine -.itb respect to Gs· 
tho·poriod of electrical vibration as not to 
disturb tbo period of tho engine, as set forUt. 

5. Tho combination with a cylinder and n 
piston. reciprocated· by steam or a gas under 
pres.•ure of n ~pring maintninod in vibrAtion 7<> 
by tbe movement o!. tho piston, and no olcc- ' 
tric generator, tlto 1novablo conductor or cle
ment of which is connected with tho piston, 
those elements beint:: constructed and ac\apt-
9<1 in tbo. manner set forth for prodnciog a 75 
cnrreot of CO.DStl\nt period. 

G. Tho motbod or producins o1ootric cnr
l'&llts of . coustauL poriod boiilln. doscribo•l 
-which consists in imparting the"osclllallons 
of an engine to the moving element o! nn elec- 8c 

·tric generator and regulating tbo period ot 
mechanical oscillntieu by an adjnstmont of 
the reaction ot tho olcctric gcnornter, M hero-
! n set forth. 

NIKOLA TESLA. 
Witnesses: 

. . PARKER W. !'AC!l, 
R. l!. GAYLORD. 
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UNITED STATES PATENT O FFICE. 

NlROLA. TESLA, OF NEW YORK, N. Y. 

ELE CTR I CAL TRA NS M ISSION O F POWER. 

BPl:CU'lC ATlON (o:m! c & r><U t o r Lo t toro Potoot No. 38 ~,200, d &to<l llby 1,1880 . 

Ori&ID&i • pt)IIU ttoo 0 !, d. 0< \o\lu J2. )e&?. !Wrbl teo. t)2, lll, Dhhh4 1.0J tblt a.,plleatlo • ~h4 lihrcb 9, J a.e&. Scrt.aJ );o. 

t '-4,"113. tS'o modol ,l 

1'o oU tul.om it nt.oy con.cern.: . 
Be il l: no n-o tbat I, NU:OL . ..- T.ESLA, from 

Smll)ao, Lil<o,'border coootryoJ AosLria·Hun· 
gary, aod re.sidi "i !o the city, coanty, and State 

5 ol New York; bave lovected certain new nod 
asefol Improvements io Lbo TrAosmissloo 9( 
Power. of wbleh tbe follo,..iog is:> speci6cntioo, 
r~ferooce beiog h~d to the drawings accnm
paoylog and forming e pnrt of tho same. 

ro Tbl.! application Ia a division of an applica
tion filed by n~ October 12,1887, No. 2521132. 

Tho practical solution of th e problem of tho 
! lectrl cal CODVtt"l!iOO arid t raUStn iSS!OO Of 100· 
chao! cal eo e rgy In vol vca certain requlremeot.a 

IS which tho oppnra tn~ aoll systems hore t.oforo 
employed hn• e oot beeu capable of faltilll 'nlf· 
Such n ~olu tioo . prlwarily demands " UDI· 
for.mlLy of ap,e<l io the motor irrcspcctivo.o! 
Ita load within Its normal worldog lim ito. Oo 

20 Lbo other band, it !s nec~ssa ry, to llttalo a 
g reater' ecocollly of cooversloo tban bM here· 
tofo'ie cx!skd, to construct cbeoper and JDore 
roliablo aod al:nple appara.tos, ~<oil such that 
ol! danger from tho nso of correot.a or h!gb 

'5 t~orion, <~hl~h arc uec~ry to ao ccooomic~l 
transmlas!oo, may be avoided. 

My preoent io,·eo~ino 13 a oew method .or 
mode uf ctreeting the traos.~ls.sion of po'll'cr 
by· olectri~al ~geocy, whereby m~oy of t!Jo 

3o prueot objections sro o,·ercome o.od great 
economy a ad efficiency se~u red. · 

ln cnrryi og out my io rcot iou I .em1>10y & 
m~to r io wblcb. Lbere or() L'~<'O or more l ode· 
peode11t eccrgizing-circu:t.a, through wb \ch I 

33 paes, in tho. wauucr bereioa!ter described, nJ. 
terostl og ca rrcnt.~. e!fectln;t t.her~by a prog res· 
oivo eblltlog or tbo magnetism or oftbo " Jio~ 
olforco, "wbi o.h, in uccocdnocc witb well·knM•o· 
theories, produces tbc action oi Lbe mot.or; 

)') It ia oi.>villu~ tbataproperprogresslveohl~· 
log or tbe liues cl force may be ut.ilize4 to set 
up a movement or rotation of either elcmeot 
oHbe motor, the !\rruature,or tbc ileld·wagoet., 
aod that if the currents directed tbroogll the 

45 severn! circu its or Lbe ruotor are in Qroper di· 
rection uo eocrnutotor for lhe motor will bo 
required; but to avo:d all the usual comma· 
tstiog appliances in the aysteJ!l I connect tho 
motor·clrcults d irec~ly 11·i :h ~booe of :uoitnblll 

so alto:onti.llg·curreo~gepercLor. Tb0 ptacliC4l 
reso.lls oJ ~ud1 n eystcm, it:J ecooomlcnl advo.n· . . . 

tagea, nncl Lhe mod() of its constroct!6o and 
operation will bo described more io detail by 
rorer~oce to tb~ ace<?wpanyioi; dl~zrama and 
draw1nga. SS 

Figu r~ l to 8 and 1" to 8•, ip~)oslvc, a~e dla· 
grams !llustraUc; tbe p'rioclplo or tbo action 
of my foveation. The retoaib!o~; ligures aro 
views of tbe ::t.pparatos lo various forma by 
means of whkb the iove~lioo n>~; be carried 6o 
into e.!f•ct., nud wblcb will be described in tbelr 
order. • 

Reftrring first to Fie. 9, which le a din· 
~o:ramruatlc ropre.$Cntallon· or a II\Ot.o r, a goo· 
erl\tOr, D)ld coooectlog-c!ron!to In acco rdnoce 65 
wltb my· !ovoot!oo, ~( Is tho motor, sod G 
t ho genorator. for drlv.lng lt. · Tb()·motor com· 
-p~lses .o r io$' or Quoulua, R, preferably t-nm 
np of tlilo 1nsulawt !roo ri oga or an nnlar 
plaus, so as to be as aos~~pti~le ·a, possible to 70 
vario.t!ona Ia it.amngnet iccooditioo.: Thls r lng 
Is aurrouo!lell by four coila of iosolnted wire 
symmctrl'colly placed sod des!gante.dbyOOC' 
C'. Tbo diamctrically·opposite coila are coo· 
oected up so 118 to co-operate ia pairs io produc· 75 
iog freo poles oo d!ametr!cally·opposito parts 
of tbe r!og. Tbc four free oods thuo !ell. are 
coonbcted to termloals T T '!." '!.", on indicated. 
Near tho r iog, aod preferably !oslcl.o or it, 
tbero Ia mcinntcu oa an axis or aha~ a roog· So 

· oc'tic ,diHk, 0, generally c!rcolor Ia abape, bot 
baving t wo segroeot.l!, cot away as sbown. 
'!biB c\Jsli: is mouotcll ao as to ta ra freely withlu 
the r log R. T!Jo gcpcrntor 0 is of any ordl· 
no.ry type; that ahowo in tho present ioot.ooce Ss 
bavlot: fleld·mhgocta N Sand n cylinuric.'l ar· 
wat ure·core, A, wouou with tbo t wo coila l.l 
B'. 'fhe !ceo ooda of eo.ch coil arc curried 
t.Lroogb tite aha~ li and coooectod, rcapeot. 
ively, to !osalat.ed contact-rings b ~ 1/ 1)'. A.ay \)<: 
coovooieut form of collect.or o r bru.sb bea:-n oo 
each ring aod forms a ter minnl by wbicb ~ho 
eorroat to a ad jrom a r!og is conveyed. These 
tumluala oro coon¢ctcd to tbe terminals of lbo 
motor by 1e w!roc L aod L' in tho manuer ia· 95 
dicatild, whereby two complet& c!rcn it.a nrc 
formed, one ioeludiog, aRy, ;be oo!ls B of lbo 
~,;coeretc:>r aod C 0 of.the motor and ~be otbcr 
tbo re:nalnio& coils B' . and C' C' ot tbe ~en· 
crator and tho mot.or. 100 

lt remalc.'l now to e:::pla!o the ruode of op· 
erat!on cf this ~yr~em, nnd for t l.lla pnrpcso I 
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re(\:r to tiu! <.li~:rnu•s, }o~iga. 1 to 8 n.ncll- loS", D' Urvclop:, u l<'IS llO\\'Crful c•~rn:nr .• hot ln lbe 
for: Olll ilin~tr~tlion of lliC~ \':'IriOn» phn3CS Mmr. rl,II'~<:Ciou a~ \)c(on:. TlJo coil n, on tUe 
thi'OUgb Wfl!\·h tlld C'9iiS O( the gcncrotOr p:l!'" Ol11C1 h:mc1. Jmdn;,: t.•Uh.•rcd I\ fh:hl u{ Upp~irt 70 
wiJcu in OPC:I':\Iioo, and Llsec.:orrcsponUiugnml r"1:'1riry, 9,4lHCml,·~ :\ (,'UTr<'nt (,( upp·>~il(' <1i· 

~ rC~UJIO.t.f· n1:tCO\•tiC C'\lOOgtA pr01h1C'ed in the r~cti<H\. l'he rcs..ultanr JtUH~ \\1!1 lJJc.rt:ron: ho 
motor. 'flu .. · rC\'OJnl ion or t.hc ;''1;\'IU:\f ure or Ill~ hi the lin~ X ~. Fj;,:. ,; .. ; or .. in Ol ht"i word A, 
~<·ncraror h<-twccn llu~ ficltl 1n:\;:th'l8 N S ob· the po!c~ ()( 1hc J'iu;t .. ..tu t,.~ ,;hifh·t.l a1un;r fi.vts. 
\'lously J>l'OOUCf• i!l the f()ils U I!' ollernntin; ci~hlils nr ilJI )>•rlphery. IS 
rurrC"ul:s rhe int.<'u~ily ont.! tlirr~liou of ,,;LiC'Ia ,lo'j;;s, 1 utrd 7• Jn the- )oi.:Wrc h1ll111h.·r illnsln1h.1 

tO clep<';lllllpOn well· known h\\1.,., Jo tbO po•i· the ph~ScS Of the ~;•ucr.>t<•r nnu rin;,; n~ llut.,. 
lion of tho coils indic:>ted in l'iJC. I tho eurr~nt qn~rtus '>f n rcTo)ntion, nn<l Fi::"- :1 nnu !\' 
In tbe coil B is procltCAIIy nil, \fhcrcM tbo t.he "ame "' •e•·en.cighlb.• o( .A .rc•·olntion o( 

.COil f/ at the ~~rue time is dcvclop!JiJ;' Jt3 the f(CllthlO,r•RI'J>oO!nrr. Th""e n~:nc'('tl "'illl>c: &o 
111 ~:rim n m cu J r~nt, nnd I•}· t ht u·tC~:\ na I ntl i cnr ('() re:'\d l l y u D llCrRt Ofl,l I rcup t li<' ft\rc:gol us:. . 

t5 in the descri J•l ion or fo'i~;. !I the ci rcult jurluu· When. C<>Jn plol c rc \'Oinlion l>occco:npli$hCcl, 
ing this coil "'~Y nlso luclu•le, uy, tloo -.oil• C tbe con•litinnJ< e<i~ling ut tho •tort ~-c r~·<'S· 
Cor I he motor,~·;~:. 1•. Tho rr•ulh ..-lth tho IAullsbcu, >uulth~ JC:cn>c n<li<•n·ia rc)>o~tcd Cor 
proper coooectlons, wouhl l>c the UJAgnctiz~· the ne't ~ncJ nil ~uusc<jlccut rr•·olntioos, Anu In Ss 
I IOU Q( tho riog lt, the polca uclng Oil the lioe gentr(l) it II' ill no<v be .seen ti>Ot erery re•·oln· 

10 N S. The s."oo ordir o( r.onnectlous l>elusr tlon of 1hc nr•unlurc.c.C the seuern.toq>rodn~.,.a 
oooervcd uctween lue coli ll ilnd tbo coil C', A C\QJ'reSj;Oudln~ oliiflin:; O( the poles or "lines 
the L~tter when tnwer11,d by :1 cnrrent ten<! to <>fforco nrouml the rino;. .1'hl~ .eiT•ct I utilir.e' 
6x the polo•s at right nngl~• to rue Jh,e N SoC in .l'roduclu:: tho rotation o( ·' bucly or nr~na:. 9o 
Fig. 1•. It reonlt:o, ~bcre(ore, thot "'hen the -lure Inn •'aricty ,,r . .-nys-Corosouc(>!e, ~pply·. 

·,5 geneJ'IltOr·cOII5l.cn>·e aoade onc·clgl.cLI..c of nrc· In:: lu() priuci;>leaw\·c <l•.:~erlbcd to theapp.a." 
•·olo,Ition;rcac4iu:: tloc vo•ltiou abocm.in Fig. r..tns shown. in Fi~:. 9. The disk D, owln~ 10 · 
2, l>oth pairs or coils, C nnd (;',"ill 1>e trtw· Irs tcnde>~oy to :\SOiclmo thM positlon ·i'u wbich 

· erac<l hy current nn.rl Act >n opposltiou .in so it ecul>roccs the ~realest l'<>'<'il•le nnmber of the 95 
far· :>.• the location ol U>e polca b conceroccJ. mll.{;ncllc linea, Is &et In J'<>l:cllou, Collo•ring tbo 

30 The po~ilion of the poles ~ill Lberefore be tlcc hl<>tlon of the llnrs or th<· .. poiut s or G'rntC'!~ 
•·osulra ct oft he ruo~oetid ng Corcu oft1>c coils- M1 roc! ion. . · . . . 
thi\L Is to aay, it Wlll ndvnoc~alou~ tbe ring to 'fbc <liak 0 in l'ig. 9 b aho'l·u n•· cilt n~,·~y 
n posltloc corr.·~ponding to ooe·.,>~btb of the oo oppoSite .aides; b"t 'thla I hn>·~ found Ia r.ot 10o 
I'C\'OlDtiOo o( tlle RTU\Dtare of tbo"gencrator. · csscotiQJ tO tffCC,Iinl: its I'<.>IRllqn, no Q cJr<:ulnr 

35 In Fig. 3-l.he orm•toro or the ~:enemtor. b0:1 disk, liS lu•llcnted uy d~ttNI. Iines, . ls ulao ·art 
progr0$5Cd to ooe·fonrlb or" revolution. At in rotot·lon. "This ,pbcnomcnon l nttribo.r~ to 
the point indlc~ted tbe cnrreot·ln !be coil B a certoin inerLi~ or ....... lst~n<.e lnhcreot l.o tllo 
is maxloourn, ,..bile In B' it Ia nil, the lntter metAl to 1hoi"rnti!J ~ohll'liog of th"liura M (orre ,oos 
colt uelog io l t.ll neutral.posltloo. The poles tbrou;h the ~~me. which rc.1ult~ iu n coutlnU· . 

4o of the ring R lu Fig:3• ... 111 lo conuqueoco bo ona tangcntinl poll npon the clbk, cousin~ Its 
allllted to a poaltlon nlucty ue~recs from that rot~tion. This werncs to bo confirme.l by 11Jc' 
at tbe atnrl1 n.s ahowo. l have in Ilk-. runni>er rae~ tlont n circnLcr' ui•l:. or steel i~ 1110re eft'ecL· 
abo .. ·o the coot!itlona oxisling at each SUCCe-S· !vely rotated than one or son. Iron, Cur lbo rc~· I 10 

alvo elgbtb or on.o 1'0\'0iution In tboren\nlnlnJ: son tbnt the ro.rmcr · ia ossnmecl to pOOSbU a 
45 figorM. A ebort rerereucototbraeOfarun·ill gre•\t<r resistance 10 the shiOing.of lbo IDillt• 
· -autlko to no unuent~u<ling or the r &i~:oiJl· oetle linea. 

c:noce. . lu lllnstmtloo .,( other lc>rms or ~pp:untua 
. ":Figs. 4 and 4' illnstrkte tbe coodltioua which hy o>e•ns of IVI•ich I c~rry ont lll)' lnvtotion. II) 
t%18t .w4en t!Je geutrator·nrroature l.caa CO Ill· I al.calluo .. · u~erll.>c I he re;nnloin~: tl~;ur<'!l of 

JO pleted thrce·eigbtba of a revolctloo. HP.re tho.dr:uving<l. · . 
bot.b coils ore ~;eoerfttlog currecta; but tbe coil · Fig. 10 Is a •·ic"' In ciOI'"rtoo J>nu p~r~ l'tr· 
l\', buiog uo<v eo.ttred thG opposite field, is t.ie~laection or:> mo:or. }o'ig. 12ls:> ro~o· vie .. · 
genera Ling" current lo !.he opposite dlrectloll n( tbe SAme wltll the Oeld 'lu ~ctlon aud D no 
bavlug the opposite mognel!ziug eaect; beoco dia~:r~nt or CllnncclloM. Fig. 111~ un eud or. 

ss "tbo ~eault~nt J•Oie will l>o on· the lineN R 3S aide yie"' of" gcnel'l\tor with the nelda in sec· 
eho~<o. . . tion. 'fhia forcn or n1otor m~y l,>e usc.tl.io p~ 

In Fig. o one·hnl( Of one revolution or tbe or that shon·n. · 
IUC>atnre oft be gcnerat(lr baa been cornpletcd, D i~ n cyliod rica! or <l rum nr~nntu rc:core, 115 
ac<l t be resu ltlog o>ag·oet lc con•lition or the which, Cor obviouncn.aoM, ah!)nld be apli~ up 

6o ring -ia ebown In FJg. 6'. .Io thia phase coil B "'' Carns prnctlcnblo to pro vent the drcul!ltlon 
ia lu tbe oeutrnl posltloo, ..,.hile 'c~il· B' is gcn· wltblu it of cnrrcot.s of Induction. Tllo core 
eratlop: Jta maximum current, whlcll ia in the Ia ... O>)Ild longitmlln"!ly. with two coils,~ aucl 
8llrnc dlrecllo.n AS In Fir. 4. Tho po.l~ will E', til~ cuds of which nrc reaJ>r.clivcly con- 130 
r.oD&C<}uoutly IJe .shilled t!Jroogb ouo h:!.IC.of n~te<l tc J,t~niRted cout~ct·rlu&scl d If d', car• 

6s the rln~r. · r led by Uto ab1\!l. a,ut>UD which !be arruo.tnro 
Iti Fig. G the"' ~-"ro hu cocplctecl flve· Is wonulc<l. 

9igbt~s of 11 r4vofaUoo. In lbl4 lXIII IIon coil The annut~n-e Is sr'. to ''~''<>lvo If It !.Ill 111t 
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i roo shell, R, wh lch constitute~~ t.hc tiold· m1g- motor. produce :> eteadily-progrel3iv~ ohi!tlng 
n~~ or other elemen~ o! the motor.: . This shell of tho result~nt at:.roctivo rorcc curtcd by the 
is preferably roroied with a slot or opening, r; poles G' upon the armalure D, and conso- 7o 
bot it may be cootioooos, e.s shown by tbe qoently k-oep tbo .. imnaturo raplaly rotating. 

s dotted lines, and i~ tbieoveot i_tls pref,)tably The peculiar advaotnge of this disposition is 
made of steel. It 1s also desirable that thi~ 1if·obt.alniog a ruoro concentrated and power
abe!! obould be divided op similarly to tba fol field. • The.applicatioo o!tb!s principle to 
armatllrc,aod for similar ree.sona. · .A.s a gen- systemalovolvlng mo)tiplo circu:t8 g~oerally 75 
era tor tor driving this motor, I may olio the "'Ill bo understoOd from tbis npp:.n\tus. 

oo device shown in Fig .. 11. This repn:sents Go · Referring now to Fig~:111 o.od lS, Fig. 16 is 
annuler or riog armature, ~. aorroooded by o. diagrnmmatic reprcseotatloa of a modified 
foor ooi ls, F F F' -;,v, .of which· tbooo dio.met- d!Apooit.loo of my inv~ntlon. Fig. 16 js n borl· 
rically oppoaito .o.re connected in serleQ, $0 . zontal crOM·sectionor tho·motor. In'thiocaoo So 
:.hnt foor freo ondn aro lett, which are coo· a dil>k, D, of mt>{;ueLic metal, preferably cot 

•5 oected to _tne innala.ted coutact-rlngs b b II b'. iway at. oppoaito edgce, as _sbowo io Uottod 
Tbo ring- IS solt.ably moanted on a ahf't., a', lloce io tho 6gurc, ls monntecl so -ru; to turn 
between the poles N S. Tbo·contact·rlogs of freely loaido two stationary coils,N' N",plc.ccd 
~t. pair or generator- con~ are conoe~tod to at right angles to one another. The coils are. 85 
t-hose o! the oontor, re~pecllvely, by mC41ll3 of p1·e!ornbly wound on a frnmo, 0, or losolr.tiog 

'0 eoctc<:t·broshes and the two-pairs or coodoct· material, and tbeir ends ere connected to tho 
oro. L L ~od IJ IJ, a.slool.ie1ted diagram mot: fixed te~minals T'l"I'T' .. Tho generator 0 is 
IeaHy in Fig. 13. e. rcpreoootative ot tbat·clll.U of I!Jterolltiog

Now, it~ obvlo~ !rom a: coo!lderatlon o! current ·machioes in " 'bleb a stationary in· 90 · 
the precodi og flgares ~bnt tho rotatl.on of tho duccd ~iement is'employed. · Tbatabowo coo-

's generator-ring produces cnrrents lo Lho·cplls alstb o! a revolving perxx:aneot or electro-mag-
F F', whlcQ, being t~nemltted to tbci motor- net·, A. nod four lndepenc!eoHtatlooai'y wag
oolls,impart to tho coro o! tho latter magnetic nets, P P', ..-oncd wltb coila, tbt'SO Ilia wet· 
poloo·coos\llnt-ly ablftlng or wbirllo!: nrouod rical_ly opposite to .c:~cnotherbolog~neCU!d 95' 
1he c6ro. This e!l'ect sets np a rotat•on of tbe lo'series aod haying their eDds seen to the 

30 nrioatore,owiug to the ~>ttractl ve force bot'!'c~n termloaln t t ( t'; . 1-'r.om tbeso term! ala tbo 
tho sbetlnod·too poles of tho armotnre; but corrento nro led to tbo.termio&b of the·motor, 
lo~mocb a.. the coila In tbln'mse move re!c.· e.!. shown hi tbo .¢ro-.·lnl:fl. · 'l'bo modeof .oll
UYcly L.:> tbe cbell cr flcld·masnet tbe move- or<>tion Ia onbttqfltlally·~e~amo no Ia the.pro· s<:o 
meat of tbo coile. Is In the opposlto -dlr«:tion . . vion.s caace, tb(l curreuta travor.si~g tho coila 

JS to> the progreaslveehlttlng o! tbe polce- of the motor hav·ing the effect to tarn the dtslc : 
Othcrurang-oweats of tbo oolla or both gen· D. · This modo of carrying out th&.i1JV9otion 

orator &od m~l<>r s.re p~iblo, !loa a g~eater bas the cdva~tsge of cHspeoslng wlt.bithoslid· 
nam~r of CltCDits may be USOO, 113 '!'Ill ba ··ID!(.COOt&clS 10 th<)Cyaten . lOJI 
:.eon ln the two auececd.lcg flr;ores. lo the forma or wotor abuve d~cribed oilly 

4o Fig. l,S-ia a dlagmmmatio Jllaat.r.o.t.ioa· .o.f a .ooo of tbo element<!-the armature or lho.field; 
motor and a gcuerctor co0:{1ootcd "nd·: con- · maBoet-ia provided <vitb ooergl~lug-eoil.s.. It 
&tracted in .accordance wltb· my 1!lveatloo. remaius, then. to'eho-... how beth element& may 
Fig. His ao ecd v!"ew of tbe geoorotor with bo woapd wi th coils .. ~ferenco Ia the~fore 110 
its field·mRgoeta i~ section. . bad to Figs. 17, 18, nod 19. Fig. 17 iB 1\n end 

4s T!le·tleld or tbe motor MID prod aced ):>y &lx ·view oi-S!lcb a . n:otor. lo'ig. 1S. Ia a ,almi!Ar 
ma~etic pol~, G' G', eccnrod to or projecting view or the geuert~tor, wit b' tbo flold-ClasoeU:. 
from e. ring or 1\-aooe, H •. Th()G() caf,qets .. or in S<;Ctioo; a!ld Fig. 19 is o di:~grom o! tbo elr· 
l)0106 aro woaad ·with ··l!uolated .coil&, those· coit-coanectloos. In Ficr. 171-ho 1le!d·mngoet 1 tl 
dUimetriroliy opposite to esch otberbolngcon- of the '!)Otor coosis<a or a·· ring, :&, preferably 

so nected In p~trs, sons to prodaeo oppOsite pol~ ot thin icsulatod iron a beets or bands,, with 
ia each pair. This leaves six free end:~, wblcl1 eight pole ·piecce, .0, ~od corresponding- re
:oro conncckd to tho tercin.als T. T T'T' T" T". cessro io . .,.·hich· !onr lJ!>irs of coila, · V, ure 
fhe armature wbicb Is m~unted to rot.ato be· wonod. Tbc dlarnetrically-op~lte pairs of t:lO 
~"een tbe poles is a ·cylinder or disk, D, of colla sr~conueeted in series-nnd· the frooends 

SS wrooght-irou, mouote<! on the obnft a. Two connected to (oar terlDiMlG, "'• tbo ralo to bo 
tegmenta or the s"m~ aro cot iiwoy, r..s shown.: follnwed in connccllog ~log tbeanmo 2:1 here· 
The generator for tbis motor has io this. in· . iobo!oreorplai~od·. Anarmatnro,D,vlthtwo 
dtance an Mmo.tare, .A, wound 'With three coils, E E', llt rlgbt .angles to each other, Ia TlS 
coils, K K' K':, at si~ty degrees apart. Tlui tnoaot.eol. to rot...te inside of tho f!eld-c.ag!lot 

6o eods oftbesccoil.sareconneckd
1
roopecti>cly, ll. , 'l'bo ends of the armalnro·coilsare eon· 

to fnaulated contact rings t e ~ e d'.e", . The:lO · ne~ted to. two pairs of contsct:riog>i, d d if d'. 
rlogs uo connected to tho>-e of ·tbo motor in The generator !or this ·rnotor may bo or any 
proper ord~ by meuna of col!ectiog-brusbe~ suitable kind to prwa~ carreots or the de- lJO 
-e.ild six wires, formiug-three Independent cir· sired character. In tho present instance It 

65 colt& ·Tbo ..- ari:l.tlons ia tb& 6treogth 1\nd di· co~~ts .of a fielol· Dl!lgO£~; N S, :;ad on art:ta· 
rectlon of tho ~rrect.G trno,mittc-d &hrougb. t:ue; ~. "'!tb two oo!Ls e.e rlgbt ang!((!, tl:s 
thetoe ciro:;it:i. nod trnenlog .the ocil~ ot til~ I 'la<i2 of vhicl! sre .cooncotoo to.foar eocts.c.t· 

I • , ,. . ' • 



P-152 

~02.200 

•u>gs, b b b' b', carried DY I~ aha~ Tho clr· apeetl or tho 'Ootor to: c.H loAd& witLio tho 
cuit.-eoooectiooa ar& estRbllal!~ between the norm~! wor kiog limit£ 0t tbe Q)otor will he 
r ings On t be f:ODerator-sbar~ IIOd tb~ 00 tbe pro<:tlcall y eQoatont. 70 

n•~tor·s~utl.llyconecti(l£"broshea ood t<ire!<, 11!1 It is clnv.ly apparent that t~e a~<:<! can 
s prtVio!!Siy cxplaloed. In order to pro~rly never U t<!ed the ~rbitrary lhnlt as <lete rmiueu 
~ite tlle tleld·n:o:~oet o( tbo motor, bow· by the gener~tor. nod als<> that " itbio certoio 
ever, tho ~onue(tioos nrtf eo mn<le with.~hc limits, At l~t( t.hc speed o( the motor will he 
1\rruatnrc-colls hy. <>·I res -leading ~hereto tilat lnuepeudent of the atrcngth ol tho curreot. 1$ 
whiJe thr. pointS Of Cttllt~t llttroc\IOU Or gre•t· It will llOW bo L~Ore readily -ten from ' the 

<O ~t deusity.of lllutorLic iinea of force t~poo the· alx>vo description bow far tho reqolrcrMGU of 
nrw~tt cre ai"O ahlftcd in "co d lrectlon those a procUcat ayete<:> of eleetrleal tr~oalllistioo 1 

Upon tho l!tld ·DI&gnet Dl'\'1 llladt to pto!;rCSS iD· or po,-er ~rc ftlCIIU d fa my IDYe otion. J se-
1\11 opposite c!irectlou. Io other r~pccts tho core, fi~l·, a unl(orw speed onder all lo••llt So 
operntJon is l<lcuticnlly tbe llnlliO c.s lo the ..-ithio th.e oorrunl work io~: llo•lt11 of tbe ooO· 

• ~ other en..oes eltec!. Thls :>.rn~ogerueu~ r.csnlta tor wltbon~ tho ust or aoy aozlliuy regal a 
lo an lncr~d speEd of roto~ioo. tori se~ood, synchroulsm betwe<lo the motor 

Ill l'igL 17 Rud 19, for cu mplt,tbet.errolonla a. a" the ~;encrutor; t~ird, ~;renter ctnciebcy by 
or e•ch Mt or 11old·coils are counec~ with tho tbc ruorc direct ~pplicat ioo or thu current. ao as 
wfr('l to tbe t'fO arll\atara-colla fa &ach :> t<ny como1utatia:; devic~ being reqlllred 0:1 either 

~ til :tot tbc deld ·coils. wlll maiotaia opposit~ pole~~ t be motor or the f:COCnl.tor; rou rtb, chc;:t>otss 
In ndvacce oftbe pol~ .or tho nro••ta re. :\nil sunplicily or ruecbnuic11l coll!\troctlon; 

I a the drawl~ ~be fiel4-¢>lls ore Ia sbaoll fif1.b, tbc cap•tlillty or belog ,·cry eASily n>au· 
tu the Qtl!lllture; but they "'*Y bolo series"or n~ed or cootrollc~. nud, cl:s:tb, dlmflloti'ln of 90 
in i ndependeot cl reo its. !lange~ froU\ tnjary to pcr110ns o nd oppur:ltC\4. 

15 His obvious that the s.~mo priocipl& ruay ThtSe motora m~y be ron Ia ·serlra-n•oiLI· 
be apvllod to tho \":lrious tyl>ical fur1ua of roo· vte llrc or muttlplo aeri~oudcr couditloua 
tor herel•beforo d=ribed. well t~oderatood bt tba.e skilled Ia the nrt. 

fTnvlog oow d=lbecl tbo u•~are of o•ylo · I ac>aw:\fc tb•t I t Is uot oew to prodqcetbt 9) 
vcutl ou nod aoo>e of <be vntionG.wo'lal o w ulcb ·rotations of c. "'otor bylntcr•ulttently sfltnl ug 

30 It i&.or m•Y l)o i:~rried loto eftoct, would call tbe pol,ea or oae of itsc•erneni.J!. 'l'hhhn.s bco· 
attenUou to ccrteln cbim\ctcr~CG which :bo uoue by P•'··t~g U~r<>ogb ludct,o~olleut "'"" 
llpplie<>Uoos'IJf tbc !uYcDtlou 11=(!'3, aod the ~:I.Io&-coils 011 qao of the elem~uts th~ cur-
odvaat:.gea.'l\·hlcb It otrer&. rent (r()m a l>:~ttcry or other aonru of d irect 100 

Jn auy ruotor; coosiderlui, fotcoo\·entc:occ., or cootinuons currents. rC\'trJia; ·Such ear. 
J S lim~ repreuot.ed Ia Fig. 9, It , lit be observ~d rent hr an itllble rut c!Hin irot C!'pli:uocea, so tb:\1 

that s!noe tbe dial<.D baa n tecdcocy to rc.l!ow It Is din:cte<l throngb tllc coils I a 2lteri1t.t~ly 
cont-louoaslr tbe.polatsofgrell~a~ Attt~ction, opposito directlous. J'\jllth c.~. ho~cver, 
and aiaoe tb~e j>ol at~ 11.1-e sll.ltted a roo ad the tbo potential or the ·encrgizh;g ·currents re· •ol 

1 ring oaee for ~:.ch revolutloc or :.bo ~roaLUr~ mnius 1-be s~•ne, t!,ltlr direction only belnr 
40 or tbe generator, it fvllowa tbat the DI_O•.:· ch:.oge<l •• Aceordlo~ to mr ID\"CDtiou, loo>W· 

mellt of the dial< D ... m 6e aynebrooocs wltb et·cr, I employ trco Rlterua~lnJ currents; a nd 
that cf tbe a rruoturo A. 'l'bla f<ature by my Jo,·eation consiote Ia the clL~very of til e 
\)tllct!C61 demonatrntion J hAve round to ex· wodc or rue~bo4 o! utilitlog ao.cb currents. 1>0 
i•t lo all olber (oo·ms In wb ich oue reYoluUoo · .'l'be'di lference bet\\'C<OD tbe two plotuS and 

45 of tbe arm~tore of the fecerator prr.duces a th0 advcntagea or wine are obvl<>oa. B1 pro· 
abl tl.iog or ' bo pole-s o the Ql\)!.Or throu&h duclog ao alteroMiog eorr6Dt oach impale$ ' 
tbr~ boodrcd aucl aixty deg~. ol "bicb lnvolvea "ri6o &lld floli of potootlal 

In the partlcclar modliiCIUion sbo,.·o iu Fig. I reprC'Iacb Ia tho root or the ouct coadll.!o08 n ll 
10, or lo othcra constrac~ ou IUimihor vton, o( tllegcocrator1 aod brauch earres~t. 1111<1 tba 

so· tbe comber or· c.lterantlnolilllpniDCll resntting consequent 'proCinctloa ot resultant pole~~ &be 
(rom -one revolution or tb·b gcocn.to~·armAluro prog t=loa of the polft> will be coatinooQI 
l• dooblo lis comp:.rcd v itb tb&. p~<!ing und oo~ it~termlttiat. I a 1\ddltloo to thls,tht 
cu.c.a, and tho pobriti<is lu the mctor •·"<~ pt2ctirot difllcwl~y o( loterrnptlbg or re-rcrc• U(l 
suin.cd uoOlu<l t wice by oue revolatloa or tbo in.; M correo~ <>f ~toy <O~Idei1Wio aueoJrlh S. 

.s.s gooerntor·ar:n:~tw-o. 'f!.o ep.lcd of the ri.lotor well tbat oooc ol the de-vlcu nt pr-at coold· 
will therefore be to-ico ~b:.t or tl,. e-entn>tor. be maue {o croooruiatllpor. pt'QCUea!ly effect 
Tboaame result ia evidently obt<riccd br ~>uch tbc lr::o03mi.ssloo or power by reveralog hi tbo 
a dtapoeltlou a~~ tb ~t show a Ia FIJr:. 17, whero :.:onner described e. rootloooo.. ? r,d lrect cor· ' '' 
the pule'! of hotb clcnoents nre ehlftcd Ia op · root. laao.far. thoa,nsthepl~oof attlngnpoc 

6o poe Ito d~reetlons. onQ olement oftbo wot<lr Ia ooa,-trne'<l, rnylo· 
Agalo.~onoidering tUesppo.riuuai11uotrntcd -reotloo lovolvea tb" uso or an alt~z ~Ill log Q 

by Fig. 9 ns t)·pical of .tho luv<ntlon, lthob· dbtlognlshed from a rovuaed~crrent1or o cur· 
~1oos th:\1· ~!r.co tbe attraetl-.o eacet upon tbu rene .vihlch,- whllo cootlnuoni and aired,- II •Jo 
<l!ak D !sgr~tent when tbodlalof~ Ia Ita proper eblfted froU\ coil to coli bs an1 Corm of CO!D· 

6s re!allvo pod lion t!) the poiM d;>teloped i'.' t ile ruatntor, rc~orscr, or l:lterruvter. "WiJ.ll ro
rlog .R-t.IJat !~to ll3f, wbeo Its e'nd$ or p oles 1 eartl to thnt port oC !bit iu,·cotlou ,.bid! coo· 
ha .. le<liat~ly rnll!>w t-h~ ot tl1a rlcg...:~!l<' · ai6ta lo net in& a }>on bolb cle:ueuto orth&m~tol 



&ln•altaneously, I reg;u'(l tho 113e ot either :\l· 
terilaL!og or re,·ersed currcn:a 115 within the 
~ope o!.tbe Invention, although I do DOtOOD• 
elder tbe use or re,·er3cd carreota orany pnc· 

5 tfcallmportancc. 
What 1 claim la-
l'h;~ metbo.l hoet'(l'ln deecrlbed or olectrlmlly 

trau:nulttlog po-rrcr, '\\"blah ootllltst& In produc· 
loz: a eon~huously-progresdvo Dhlttlug of tbe 
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;~olarlt.les ot .either or both elements (the arm a· , " 
tnre or field maguet or.mngoolll) ot a motor by 
developing altern;~tiog currents In !odepon•l· 
eat clrcults, !ncludiog the mngueliziog-coils of 
either or both elements; us hereto set forth. 

NIKOLA TESLA 
Wltne38(1SI 

F.a...Nic n. liiOlU'n-r, 
F:U.li:S: E. liAllTLP:\'. 
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I ,• ·•, 

To al~ tuhoin. thri.<iy: ~otice~: · ,:' 
.Bo It known ~bat J,•NHCOL·;I. TtsLA, from 

Smi.JJan, Lika, border eocnt.',.Yol Austria-IIiln'· · 
gcry, and residil:;: in the cit.r, couuLy, aod 

5 Stste of New York, ~:ll'e'lnvoo.ted ccrt..~in now 
and DSP.ful I n1 provomcnts lulbs Electric Trans· 
n>lssloa or Power, of wt.lc!J the followiog ie n 
specification, tbis_2pplieat.ioo being a dfvision 
of na :tppllcntloo, lllcd by m~ No1·embcr 30, 

to 1887, SeriO:!' No: 2GS,51i2. 
In n prcvioU! tpplicatioo filed by me-vi~. , 

No. 252,132, aJed October 12, 1887-I hnveset 
~orth on l mprovetneo~ ia mot<Jrs nod in th~ 
modo or method or opcratiug thesnru~, which, 

•s geoorally S~lt(:d, consists in prosrcasivolyaod 
continuously &blftlo~; the poles or lines ol 
m~ximum JnugoctiC CtfCC~ of. either tho 1ioJ<). 
wngocts or armature, or bot!;, or D. motor, and· 
thereby prodnciog n wo•erncnt of rotation in 

•o r.ho mCitor. Tho means- which··I ·bave·show~ 
for cacctin~: t!Jis, 'Thilo ¥nrying in· detail, aro 
exowplilled iu t\lo following system, wbiclJ, for 
pr~ent purposes, it )Vill be sufficient to coo .' 
sldf.~ !;5 " typical cmboclimeot of ~bo invco , 

,. t io". · · ·· ) ~ . . 
The motor ls wouod witb coil~ forming in·' 

dependent cnecgizing;circaits on the nrmn: 
tore, which Is a pyli!l.~Cr ot d[sk •. JilOQnt~d. to' 
rotnte between til o opposite magactlc. poles. 

30 ~!lese coils arc coaocctcl! up with corrcspoo<l
iog ludoccu o r currcot·prodociog circuits in 
an D.!tern~t iug·cu rNot rreocrator. As 3 rc.1u It 
of tl:i!t, w!Jc:~ tho gco~rator is set io motion, 
currcnUI of altoron~l)'·OJ>posit.o direction Mo 

35 directed tbrone;b the cncrgiziog-r.ol!s of tho 
mot.ur in such manner :J.S to produc<t a pto· 
gr.ooaivo abifting or rot~>tiou of the magoetic 
polooor tho r.:~o~or-nrm~ture. Tuis movement 
of the polc,s ofibc armnturo obviously tcods to 

110 rotato tho nrn>a~urc io tho oppo3ite dir~ioo 
to tllnt b wbich the m<lvec:ent of tbe poles 
~l<e.s plr.cc, owiag to the attractive forco bo· 
t weEn ui(l pole:~ ,.ol! tbe lleld-magncts, nod the 
speed or rotation i n.;ret.dilS !ro:o the start on· 

45 t(llt eqtiD.!d !.bat of tho gcnerato", supposing 
both rooto~ o.nd goo~rator .to be atilt~. 

All the mogoctlc poles of tbo armatura o.ro 
ehifted In R cflrcr.Uou opposite to to~e io which 
tho armature rotates, It will bo nppnrcnt th~t 

.'10 vhe n tbe nononl speed is fltt~lned tlJe poles of 

tho armature will assume:. llxeci pOliitioo rel3· 
Uvely to tbe field-r.oagoets, and tba~ in cor.&u• 
gacnco tho 11eld-magcota will be cnergir.cd by 
mngoctle iucluctioo{ exbibitlcg t,.o distinct 
poles, one on eacb o 'tho polo-pieces. To et.Grt· ss 
iog the motor, however, the spl!(d of tbc ar
mnture being CO!Dparat!>oly slow, tho pole
pioc~s aro subjected to, rapid rcvcr$:1ls of mag· 
:fctic'pol~rity; bu~as thcl!pced iilcreasestheso 
reversals become less and less frequcot aod 6o 
lionlly ceiise, wlien Lbo movement. or tbo arnJa· 
turo becoruca ,syocbr.o~.O)l~_wi~b: th~t of tbc 
gencr~tor: This beiag tbe~o. tllc 6eld-co rcs 
or tl!o polc-pi.cces ?r tho rooter be como n n•ng. 
net, but by iaduct•o.u only. 6$ 

I.ha,·o fount!'t.bat advantageous rcsol t11 aro 
~oonrcd l>y wiodlcg ,the Jleld ·n•ngnctc with n 
coil or coils aad p1183ing n continuous cnrruot 
t brougb tbcru, thus mnintnlnlog n p<)l'rnnocnt 
field, ond io tbis fea~nre my pr~cot invention 70 
c·on~iats. 

I shnl.l now describe tho app:J.rolns wbteb I 
~aro do<'iscd for ca.rrying out tbis invention 
and O!pi.Un tbc wodc or using or operating 
tbo uwo. , 75 
' Figuro 1 ie an end view in elevation of u:y 

improvclf motor. · Fig. 2 is n port horizon1.al 
c'cn~.~(ll. aect!on, and Fig. 3 ia .t> di~grammat:e 
rcprucoll\tion or the motor aud generator 
coool>!ilvd nud <:onnected iur opcratlou. ··.;~go 

L.!t A A In l>'ig. 1 rcprcsont tbc leg-~ or po:e
plcr.c~ or a 11old-magoct, around wh ich aro 
coils B II, included to the circuit of n cootlnu· 
ous-curreot gcoorntor, C, which is ndapted t.u 
imp:~rt rungootisaJ to the said pole• io tbc Or· 8; 
dlna>'Y mnnocr. 

D J)' oro two iQdepoodentooila·wonud upoo 
n anitnulo cyliocrical orequivnloot :moataro· 
core, which, liko all others used io n similar 
manucr, sbC>nlcl bn cplit or .divided up into 90 
altern~te lJ)agne~ic aod !usulatio~; paris in tbc 
USU31 .-ay. Tt. is arroatnro is moue~ in nOD · 
n11gnctic crOM·bar& E E, *~crcd to tqc poles 
of tbo licld-magML The lorminuis of lho ..-. 
cu>ture-coils D n·· aro co~occted to losnlau.d 9S 
sliding cootaot riogs a a. b b, carried by tbo 
a·rmRturc·· Gbalt, a lid brusbes c o b~ar open 
tbc.so rings t o coovey to L~e colla the corr~ots 
'J(!Jich operato tbe motor. 

The generator for operatiog tbls 1110ior is or 
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o1~y be or ·prccis~ly ' i<leutlc..~l construction, 
auu rorconveoleuce or rcfereue• J h&\'t markeu 
in Fig. 3 its p~rts, ns follo .. ·s: F F, the fieitl· 
1n~goct.s cner~:ite•l l.iy n .continuous en rr~ot 

5 pnssinll' io its fie:d ·coils 0 0; II 1:1.', the coils 
~arried by the eyliodrlcal armature; d dee, 
r.be frict ion or collectioll' dogs carried by the 
armature·shaf~ and forwio~r tbe terwloals of 
lbe ormoture ·coil• ; audf f tbo collecliog· 

1.0 brushes v;·hic!l cleliver U:.e·currtot.sdcvcloped 
Ia U10 armature·coils to tbe two cireuils g i/, 
"hieh cooocet the generator with tb& motor. 

The operation of this sysc.em. ,.;IJ be uodcr· 
stood froo1 lb<> fortgoiog. '£be actiou or tho 

1 s geucrator by causing ~progressive sbif\.i:Jg or 
tbe poles i o t h~ motor·~rmature sets up io 
tbe l~ttel' a rotation opposite In direction to 
;bat iu "'bich the poles move. Jf, now, the 
coutlouous carreo~ ho di recte<l through the 

•o field · coils so :l.S to strongly energize the mag· 
oe~A A, tbespecd of theroo~or,'which depends 
upon thatoftbcgeoerator, will not beiocreased, 
but tbe power which produces Its rotatio~ will 
be Increased io proportion to tho energy sup· 

25 plietl l·hrongb tbe coils n B. lL ia character· 
i$t.ic or lbis :not or lbl!.~ its direction or rota· 
tioo is not reversed by rc,•crsiog the direction 
of tbe curren t tbroogh its field·coils, ior tbo 
direction of rotation dcpcnus not upon the 

30 polarity of lbe ficld1 but upoo tbc direction 
ln 'wbich the poles ot tho armature nrc shi fted. 
To reverse tho motor tue connections or e itbcr 
of tbe circuits 11 .t·must be reversed. 

I bave found that if lite ficld·ronguot of lbc 
35 motor be strongly energized by.its coil~ D B, 

and the circuits through tbe arnloturc·coils 
closed, assnmiog the. generator to be runoiog 
11t a certain speed, tbc motor ~<ill not start; 
but if lbe field be bu~sl!gblly energized, or ill 

40 !leoeral iu sucb condition tbnt the magnetic 
anlluence of t he nrrnat ure preponderates io <le· 
terruiuing its magnetic conuitioo, the motor 
will start, nnd with sufficient carreot . will 
reach its m:u:imuro or uormal speed. Fot· 

4S this reason it ls de~irRble to keep at the start, 
ned until the motor bas alt•ined ilS normal 
speed, or ncnrly so, tho .Geld-circuit opeo, or 
to permit but little carr~ot to p:ISS lbroogh it. 
I baverouod, however, if tbe 6cldsofbotb I be 

,so ~:eocrator and motor be strongly energized 
. that st.:lrting tbe generator starts the motor1 

o.o~ that tbc speed of tho Ul.otor !a I ocreaseo 
In synchronism wit.h the gencrntor. 

'• 

b!otOI'S eonstrnct('d onu optro.Led on tuis 
pri oci pie o•alnL3i o alono~t nl>solutely t be s~1ue ss 
speed for allloa!ls lfitbio their oorm~l "ork· 
ing limits, ao<l in practice' I ,baYO obstrved 
that ir the mot.or be overloaded to snch an ez· 
tent as to check its speed tbc spec<! of the 
generator, if its motive po ~te1· be not too great, oo 
18 d iminished synch rooou~ly <vith tlult or the 
motor. 

I b~vc io otbcr applica.tious sbowa bo\\' tue 
coostructloo of these or !limllar motors 111ay be 
varied iu ccrrain ,.ell·kno"'o wa1s-as, for in· 6; 
stance, by rotlltin:; tho field about o alation· 
nry armowro or rotatiog conductors within 
t he field-but I do not illnstrat.o tbeso features 
further herein, as witb the· illustration wblcb 
I ba~o gi~eo I regard Lhe rest as wltbio the 10 
power ul ,a l>erson skilled io the art to coo. 
s t ruct. . 

I am awa re tba~ a device embodying the 
charactorhtlcs of n motor and bavlog a per · 
roaocntly·mngnetlzcd field·magnct hi'S be&~ 7,5 
operated by passing through iod~poodeot colla 
on it~< aro~turc a direct or cootiououacurrent 
in opvosito direction's. Such n aysc.em, bow· 
ever, I do not r~gard as cap~ble or tbe prac· 
tic~! applications for which my invention Is Eo 
desigo'ell, nor is ·;e t!Je sa coo lu principle or 
morleor operation, ruoiuly in ..tbot tho shlfl.log 
of th'u poles is lut.ermitteot and not coolin · 
ous, aud' l!Jnt tbcre is neccssarilv illv~lved 11 

waste of energy. Bs 
l u my prcseut application I do cot lirult my. 

self to any special ror•n or motor, nor of tho 
means for prodoeiog tbe a it.eroM.iog corrects 
as dislingnlsbeil £,om wl>at aro cAlled "ro
versed currents," :tnd I may exc1tcor oocrgize 90 ·• 
the £ield of the moto•· aod or the j;coerator by 
any source of currcut "IJicb I\' ill produce tho 
desired result. 

What 1 cluiru ls-
Tbc ruethod herein Mscribc<l of t111osd:lit· 95 

ting power by el~ctro· magoetic DIOtor8, wbleb 
consists In cont iooonS!Y aod progrOMI• cly 
s!Jit'lioG tho poles of one· clcmco~ of tbo moror 
by ntteroatlng currents aod magoet.itlog tho 
other elemeut by a direct or cootlouooa cur· 100 

rent... as set rortb. 

NIKOLA 'l'.ESLA.. 

Wi~ncsses: 
F.IU.NIC B. MUltl'UY, 
.FlUNK E. HA!lTLEY. 
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o1ay be of ·prc<:iR~ly " i<lcutiC3l construe! ion, 
aud forconveoleuceor rcfcreucP I ha,·e marked 
io Fig. 3 its parts, ns follo .. ·s: F F, the tielcl · 
m~goct.s entrt ite•l liy n c:oo~iouous cnrrrot 

S passing in ila 6e:d -coil s 0 G; H H', the coils 
farried by tbe erlindrica! armature; d dee, 
t.lle fricU01l or c:ollcctiog rings carried by the 
armatu re·s boft and forwio~ the terwioals ol 
tbe armat ure · coilti; and f f.tbe collcctiog. 

«> brushes .,.hicb deliver the·currr.ots developed 
in the ~rmature·coils to tbc two circuits g fl, 
"hich coooect the ~;ouerator with I be motor. 

Tbc operation of this system ,;.ill be under· 
slood fr(IOl t bc. fougoing. 'rbe actiou of the 

•s generator by causing a progressivesbi1't.i:Jgof 
tho poles in t be DlOtor·armatnre sets up io 
tbe latter a rotation opposite in direction to 
;bat iu "·bich the poles move. If, now, the 
cout.inuous Cllrreo~ he direct.ed t.brougb t.bc 

lO ticld·coils so a.s to strongly energize tho mag· 
net .A. .A.,tbe speed or the motor, which depends 
upoo thutoftbcgencrator, will notbeincreased , 
but tbe po,..er wbicb produces its rotatio!l wHI 
be locren.sed in proportion to tbG energy sup. 

15 plierl throogb the coils n B. 1L is character· 
ist.ie oC t.bis mol or tbae ita direction of rota· 
tion is not rove1'SOd by r?vcrsiog the direction 
of tbc curren t tbroogb liS tield·coils, for the 
direction or rcx.ation depends not upon the 

30 polarity of t.be 1leld1 bu~ upon tbc direction 
in wb!cb the poles 01 the armature nrcsbi/ted. 
To nverse tho roo tor the coaoectioos of citucr 
of tbe circuits Q i/·ruust be reversed . 

I have found tbat if tlfe field·roa~;uet of lbc 
35 motor be stroogly energized by. its coils n n, 

and tuc circuits through the arnH>ture-coils 
closed, assuming the. generator to be run ning 
at a certain speed, the motor trill not &tan; 
but if the field be but sllgbUy coergfzed, or in 

40 general io such condition ~bat \he magnetic 
i o6.ueoccof the 11rmature preponderates io de· 
terruiulng Its m~gnetic coocliLioo, the mot-or 
will starr, r.nd with snfficieot carren~ . will 
reach ita m:u:lmum or uormal speed. Fot· 

45 this reason it Is deAirable to keep at tbe stnrt, 
and until tile motor has attuioed its normal 
speed, or nCllrly so, tho Jleld·circu!t open, or 
to perroit but little currcot to pliSS ~brougb it. 
I bave found, bo\\·evcr, if tbe fields of l>oth tbe 

JO generator and motor be strongly energized 
that starling the generator starts ~be n\otor1 
ao~ tba~ ~be speed of tho motor is !ncrcasc<.l 
!o syncbr,ooism wit.b thegencmtor, 

Mol on~ constrnct<-<1 oncl op~rated on .luis 
pri ociple n•alotain ah11o~L al.solutel y tbe s~•ue SS 
speed for all loads \ritbio their normal "ork· 
ing liroils, and in practice I bave ol•servecl 
tba~ if the n1otor be overloaded co snch :10 ex· 
tent as to check irs speed the speed of the 
gcncrntor, if ils motive po,.er uc noLtoo greal, oo 
18 diminished synchronously with tnnt or tho 
roOIOI". 

I bave in otbcr applic~tious shown bo11· tb~ 
construction or these or similar motors Ulay be 
varied iu ccrlain well·kno ... o wnys-t\.9, for Ia · 6s 
$Lance, by rotDLing tho fleld nbout 11 station· 
nry !ll'rDtlturo or rotatiog conductors witblo 
t he field-but I tlo oot illustrate Lbese fcatures 
furt.ber herein, as "'itb the ·Hiustratioo wblcb 
I have gi~eo 1 regard tbe r~st as witbio t be )o 
power ~f . a. pen~on skiHed in the art to COD· 

s truct. . . 
I am awnre tba~ a device embodying t.bo 

ehnracteriatics .of a motor and bavlog a per· 
roaoco~ly·magnetized 6elil·tnalr0et hns bc6D l.S 
opcrnted by passiog throogh iodepondeot cons 
on itA ~rmaeurc a dire"cto•·eootiououscu rrent 
in opposite directions. Such n system, bow· 
ever, 1 do not rrgard as cap~ble or the prac· 
tie~l applications for which tDY iov~otlon Is So 
dcslgocd, nor is · it tbc &amo lu principle or 
morte or operation, ruaiuly in.tbnt tbo shlnlog 
or th·~ poles is iutermitteot and not contlo · 
ous, aud"tbat lucre is neccssarilv il.lv?l\'ed 11 
wn.stc or energy. Ss 

lu my prcseu~appl!catiou I doootliwltmy. 
sell to any special forro or lllOtor, cor ot ~bo 
means fur prodnciog I be alterofttiog cor rents 
as distingulsbccl r-om wl•ae :no cftUed "ro· 
versed currents," nod I m~y excite or energize 90 ·• 
the 6eld of tue moto1· a nd or the i;enemtor by 
nny aource or currcut ..-l!icb ..- ill produce t bo 
desired result. 

Wbnt 1 eluiru Is- . . 
Til ~ wethod hereiu d~.scribed or transmit· 9.S 

tlog power by cl ~ctro· magnetic nlotors, wblch 
consists lo cootiononslr and progrCMIYely 
slJif\iog tho poles ol one clement of tho motor 
by alternating currents aod - m~oetiziog tbo 
other elemeu t by a direct or tontinuoas cur· roo 
rent .• as set fortb. 

NIKOLA TESLA.. 
Witnesses: 

F.IU.NIC B. Muarnv, 
FlUNK E. Hn.TLEY. 
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To all..whom it may concern: 
Be it known that I, N!KOLA. T ESLA,. 'from 

Smiljan Likn, bordcrcounu·yof .A.ustria·Rnn· 
g:~'ry,now residing at New York, in tho coanty 

5 and State of New York, bare invented certain 
new nod useful Improvements .in Systems of 
Elect ri c~! Dist rioution, of which the follow log 
IJ a specification, reference being bc.a to tho 
drawing~ accom panying nod founicg 11 part of 

ro the snmc. 
This iMeotioo relates to llrose systems of 

clectri~al distribution io which n current from 
n single source of supply iu n Dl:lio or trans· 
n1it-ting circuit is caused to iudur.o by means 

'5 of suit~l>le induction apparatus a current or 
corrcuts in !\n iruleneodeot workio~r circuit or 
circuits. 

The main ol>jects or the iuveoUou· nre the 
oawe ns hal'e l.>ceu !.l6rctofore obt:~ioed by the 

20 uso or these systems-viz., to. divido the cur· 
rent from a single source, \Yhcreby :~ ouml>cr 
of Jamj>S, mot.or~, or other transbtiog dovices 
m:>y be indcpc"'lcntly coutroljcd :>JHl opcr:~tod 
l>y tho !Mne source of cuo·rcut-, :l>)<l· ia eoone 

:s cases to 1cducc a current of h i:;u P<?teutialln 
tile maio cil·cuit to ou!\ of ~;rcater quantity and 
)o-.er poteutial iu the independent coasump· 
tloa or working circuito•·' circui~~. 

Tb& gcucral character of the devices em· 
30 ployed io these systems is now well under· 

· 6too<l. AD altcrnatiog-curreot m:>gncto-m.a· 
chine is U!~d us the source of supply. 'l'ho cur. 
reat dovclo.ved thereby i~ conducted through 
11 t rnnsDJissoon drcult to oae or more dist.'lnt 

35 poiots at which the t rnasforwcrs aro located. 
These consist of icduction-wachines of varioo~ 
k lods. I n aowe cases oo·<liaary forms of ioucc· 
lion·coil buve l>ccn used with one coli •n the 
lr:uJsUJiUing·circuit and tbo othor io a locnl 

~o or coosuwptiou circuir., tbo coila being di!Ter· 
ently proportioned accordlog w tho work to 
be' dooo iu the coosuwplloo·circuit-tbat is 
to say, if tbo .rork rcqulrc3a current of bigbcr 
poteotial than that ;a the trllusndssioa ·clrcuie 

cs t be secoodory or ind uced coil Is QC greater 
length and •·csistauce than the pri mary, while, 
oc tho other )).,od, if 11 quantity correc t of 
lower po!cutial i~ "·on tee! the lougor coli is 
tnado t.be priwarv To lieu of tht$e devlcea 

1\~rioos !orw of cle~tro·dyoaruic iriduclion- so 
mnehioes, includ iog the combined mot.ors no li 

'gcoorators, bavo been devised. For Instance, 
a motor.is constructed io nccortlaoce with well· 
understood prlociples, nod oo tbo same arma
ture are wound induced coils wbkh constitu:o 
n genernt.,, T ho motor· colla nro generally of 
fine wire a nd tho generator-coils ot coarser 
wire, ~o M . to produce a. cor~ent of greater 
qunulltyacd lower potcot>al thno tbo lino·cor
rent, which is of relnt.ivcly Joigb potential, w 6c 
a,·oidloss in long transwlssioo. Asiwilnrnr
rnogemeat is to wlod coils correspond lag to 
tboso described !a a ring or similar core, nnd 
by moans of a comll)Ut.ntor of suitable kind to 

· dire~ the correct through \he induciog·eolls 65 
auccsssivcly,&o ns to Dl~iotaln' ll roovemcnLot 
the poles· of til~ core and of'tbo Jines or force 
which set np t~.o corrects iu the induced coils. 

Without eno:m'er:~tiog the objecUous to-these 
systems io dei.ail, it \flU suffice to say tbnt the 7o 
t boory o~ the prlpciplc of tho action or open,. 
tioo or .these devices bas npparcutly becu uo 
little uodcrst.ood that their prop<>r construc
tlou and use b:":o up to tile prescut timo been 
ntteudcd .with vnrions difficultic-; nod grellt 75 
cxpcose. Tho trausforwers arc very liablo to 
be iujurctlnod burned out, and tho mrooe ro· 
sorted to for curln~; this nnd other d<1feds 
h:o.venhnost'iovnrial>ly beeo :o.t tbe cxpente of 
efficiency. So 

Tbe form of couvertcr or trnosfor01er which 
I llavo devised :~ppcars to bo lur~;cly free from 
the dct'ccta nod olljectious to whicb I bnvo nl· 
luded. While I do not herein odvaore nuy 
theory as to Us m<>do of oporntion, I wonld 85 
stnt.e that, In so fnr U!> tllu J>tiucipnl of cou· 
atructiou is cooccrucd, it is analogous to thoso 
trnusfo rruue wb!ch I have nl>ove Ocscrlbc<las 
electro· dynnmlc loductlou · wncuine:~, c~c.:pt 
that It i evolves no mc.viog parts whotcvcr,aud 9c 
is hecce cot liablo to wror or other dcr:\111(~· 
menr, nod requires no moro attcutivn t!l;\o tbo 
other and moro common inductiou·m:o.chiues. 

In carryioi out, my ioventlou I provltlo a. 
eerice of induclog-colls and corrcspoo<llog iu · 95 
d¥ced colls, wblcb, by pl'efercnce, I wicd upon 
a core closed opon ltself~such ll33D nuoulus or 
ri ng aubi.!vidcd In the uauill roann~r. Tbo 
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:·t,.o r.ets <>f ~oils !lrc trouml $ide by si<le orsu
peq>osccl o•· other wise placed iiJ well-known 
'W:l \'S lO b:-~ua them ioto the IOOSt effeCtiVe re· 
lntion8 to one ano~-bc•· an <I to the core. The 

5 iwlut it1 g or prinHli'Y coils wouotl 0\t tho c~re 
oc·c divided · into pain~ or sets hy th6 proper 
elect rlcnl connecl.ions, so thnt wh ilc the coi Is of 
one v:•iror see to co-operate io li•ing the mag
Mtic poles-or the core at tw o given dbmetric-

:co nlly ·OI)JIOSite )JOintS, t!JccoitS Of tbC Other p3ir 
or ~e-nssumiog, for snkc or illustr!ltion, that 
t here nrc but t<~·o-tcntl to li• the polcsoinety 
•lc•J: rt•cs from such points. With tbis indue· 
1 con de•·icc !use nn nlternntlog-eurrcnt gen-

' ; r.o·atnr witu coils or sets or coils Lo corrc~rond 
wil h li1~"SC! or t.h<.~ COHVl'rlcr, nud by m~:\11$ Of 
.~u llnhlc cond uctors I con11cctnp ill independ
ent ci rcnits t-h!! corrcspondi ng coils or the gcn
crntor and con•·erter. It results from this •o thnt tl•e tliOc rcot electrical pbMes in the gen
erator n.re attended by co rrespond ing mag
netic changes io the couvcrtcr; o r, iu other 
words, iha• as the generator-coi ls rcvol,·c the 
points of greatest maguctie in tcnsi~y in tho 

>S coo•·crtcr will be progrW~ivcly shifted or 
whirled .round. This princ1plc I ha9e ap
plied under v~riously-modified eon<lii-ions to 
tho; operation of electro-magnetic motors, and 
in p rcl'ious appl icatious, uot>~bly In those ha v-

3o i o~ Sc ri2l Nos. 252,13Zaud 20G,f>Gl, I uavede
~erlbcd io detail t he mar.ucr of construc~ing 
nud us ing such motors .. In the p resent appl\
catio:~ my Cll\iec~ is to <.l csc1·ibc the best nod 
most eonvcni cn~ mauoc~ or wiJ ich I am nt pres· 

33 ent a«arc of ca~ryiogout tbe ir.vcotiou as llp
plietl to a system or clcctric:nl distribution; 
but one skilled iu the nr~ will rcndily under
stand from t he description by the modifica
tions proposed in said applications, wherein 

40 the for rn of botb tho generator nnd COII\'erter 
iu I he present case lllny be modified. 

In i l lustra~ion tbercfOI'C of tbo details or 
construction •vb icb my present in~cntioo in· 
volves, I now rcf~r to lhoaccoQ'Ipnny ingdraw· 

~s io~s. 
Figure 1 is :• diog1·am matic illustration or 

tho converter :tnd the clcctrirol cooocctioos of 
t he samt. Fig. 2 is a borizont:~l ceotral cross
section or Fig. 1. l:'ig. 3 !s n. diacr:;m oftbe cir-

so cuils of the entire system, the gcr.erntor being 
aho«n in section. . 

I use:. core, A., u·hicb is closed npon itsclf
Lhat is to s:.y, of an annul~r cylindrical or 
equivalent form --and as tbe efficiency of the 

55 app:1ratus is largely iocrensed l>y the 5ubtli
vls ioo of th is core 1 make it of th in str1ps, 
plaecs, or wires of 3oft iro n electrically insu
lated :IS far as practicable. Upon this core, 
by any wel l-known mcth~d. I wind, say, four 

Go coils, Il n n· C', wh ich I US<l as prim~r.) coil~, 
:~uri for wbicb I use I on:: lcogtbs of com para
tively 6oc wire. O•·er these coils I then wind 
shorter coils of coarset· wi t il, C C <::: <:::, to eod
stituer the induced or sceond~ry coils. Tho 

Gs construction of this or :my equivalent form of 
converter m&y be carried funhcr, as abovl) 

pointed oot, by ioclosiogtbcsccoils 19itb iron
as, for example, by "'indiog over lbe coils r. 
byer or layers of i nsulated iron wir·c. 

'l'be device is proviucd with suitable . bind- 70 
ing-posw, to which the ends or Lhc coils ore 
leo. The dinmctrically-opposite coils D n nnd 
B' n' are connected, respecti vcly, io series, aod 
Lbe four terminals are coouected to tbe bind· 
ing posts 1 2 3 4. 'rhc induced coils nrc con- 75. 
nected tocct bcr io I\OY desired 1nnnncr. For 
cnm1M, as shown in Fig. 3, C C 1u:1y be con 
nectcd lu multiple ~rc wlien a quonti~y cor
rent is dcsire1l-3s for running a l(I'OIIp of IU
candcsccut bmps, D-whilc <::: C mo.y l.le In- So 
dependently conucctetl in &cries in "circuit 
includi ng arc lnmps or the like. The gener
:ttor in this system will be adapted to thceou
verter iu the mnnner illustrated. 1ror e:mru
plc, in the present C:\Sc I employ n pnir of or· 8~ 
<Hoary pcrmo.ncnt_ or electro m:v;oets , E E, 
between which is·roouutcdacylio<lri cnl arma
ture 011 a sho.fr, F, nno w.ouud witb two coils, 
G G'. Tbe terminals of tbcsc coils nrc con
nected, rcspcctiv~ty. to f~nr insulated coutact 90 
or collcceing rings, H H H' n·, nnd the four 
line circuit-wi res J, connect the ho·usbcs K, 
benring on thesc riozs, to the cou•·crle r in tho 
ordor shown. Noting the results of this c.om
billation, i t will be observed th;tt at a {;ii'Cn QS 
point of tl me tbc coil G is in its n<lutrnl posi
tion n ud isgc ncrati ng little or no current, w 11 i to 
the other coil, G', is in a positioa whe•·o it 01C· 
erU! its maximum effect.. A ssu ming coil G to 
be cooncctcd in c ircuit with coils D n of tbe 100 
con ~crtr.•·, and coil o· wit h coils D' n·. it is 
evident tb~~ th<l )X)lcs oi tb<l r ing A will lJc 
de:crmincd by coils n· Ir alone; but l'..q the 
armature or the gcuerntor revolves, coil G dc
delops UlOI'C current :\llU COil G' less, until Q 105 
reaches its rnuimt:m aod C' i t~ npu~rat posi
tion. 'l 'bo obvious result will bo to sbife tbo 

' poles of ~ho rin~ A t hrough one-quarter of 
it~ periphery. The movcmcn~ or Oce coils 
'tbr~>UCh tho ~ex~ qnartcr or a turo, t!uriog 11o. 
'IVIJcch coli 0 enter~ a field of opposi w po
larity ned gcnerntcs a cuc·rcn t <?f oppMi'.o 
direction and increasi ng streogtb; wbilc coil 
0, io pa'ISing from its maxi mu•n to iw oou-
tr:il pOSitiOn generates a CUrren~ Of OCCrCO.S· llS 
ing strength nr.d same direction a.q llcforc, 
causea n further shifting of the poles through 
·the uecond quarter or tbo ricer;. Tb<l Gr.c· 
ond half-revolution will obviou~ly bo n repe· 
tition of th e s nlllc action. Ily Lice s :liftiog of 110 
the poles o f tbc ring A. " powerful dynamic 
indcctivc effect on tuc coils C C' Is produced. 
Besides the curren ts geooratcu In Lbc B<lconcl· 
ary coils by clynamo-utagnclic iu<luetiou oLhc •· 
cnrr·cn ts will be sr.t up io the same coils in coo- 1:5 
sequence of ~ny ,-~.-i~lions io th<l intensity of 
tbo poles iu tbe ring A. 'l'his~bonld b<l :>vcided 
by maint~iuing Ucc intensity of the polc.1 con
stant, to accoruplish which C:lro sbotild bo 
take!> io dcsi~;ning and proportioning Lbe ~eo- 130 
crator no<l in ~istribuLi:og. the coils io the ring 
A nod balancing their effect. When this io 
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JODC, tbc currents are produc.:d by <lyuamo· 
m~goetic iodactiou onlyt the same result be· 
Jg obtained liS tlloogb tuc poles were shined 

oy n commutator wi!b an infinite number of 
5 segments. 

·Tho roo<litkatious \rhich nrc applicable to 
other forws of cop,·erter oro In mauy rc~pects 
applicable to t.bis. 1 refer more palticulnrly 
to the form of. the, corc, the rclath•e lengths 

.o and rtsistat•ces oftht> primMy and secon<lary 
coils, anu the arrangements for running or Ol>· 
erating tbe same. 

The new metbou of elr.ctr!c'al conversion 
- whlcb tbis sv~tem involves I hnv.e toa<le the 

15 subject of a~other applicn:ion, :iou l do not 
clniro it ~hcrefore herein. 

Without limiting myself therefore to aoy 
specific form, what I claim ls-

I. Tbecombina.t!on, with" core close<l upon 
~o trself, inducing or primary coils wonn<l t bercoo 

nn<l connected up in i nd'epen<lcnt pairs or sets, 
and·!nduced <?~ secon<lary coils woun<l upon 
or near tb'l primary coils, of :r generator of 
alt c.rnating currents· and independent connec. 

25 til)nS tO ~C primary cOils,'\rhercby by the Op· 
E:tRti<?ry of tbc genc•·ator a pro:;ressi vc sbiltiog 
~~ tb<:..P-<!les of tbe core is ctrectcd, as set forth. 

2. Tbcoombioation, with an anoabrorsimi· 
Jar magnetic core11nd prim:~ory and sccond:t.ry 
coils wound thereon, of an nlt~roating · cur· 3 
rcot generator having induced or armature 
coils corrcsponc]ing to tho primary coil~. aod 
in<lcpcuucnt ci rcuits counccting the primary 
coils \\'it b tbe corresponding coils of tho gee · 
erator, as hcreio ~et forth . 3< 

3. Tbc corub!o:~otioo, witlllo<lepoudent clcc· ' 
trie. tran.•mission ·circnits, of transformers con· 
sisting of aonular or similar COre.!! woan<l with 
primary and s~condary coils, tho opposite pri· 
mary coil$ of each transformer being connected <'
to one of the transmission-circuits, an alter· 
riating·cu•·rentgenerator \'lith independent in· 
duce<l or artuaturc coils conncctc<l with the 
transmisslon·circuit:s, whereby alternati og cur 
rents may be directed through 1bc primary ~S 
coils of the transfortr:ers io the order nnd mao 
ner bcr.So descril><!'d 

NIKOL!t. TESLA. 

Wiroesscs: 
ROBT. H . DUNCAN, 
ROB'r. F. GAYLORD. 
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.--- . -
To all wfLon~ .it nt{l.y concern: . invention. Fig. 2 is :t dbr:;r·am of the ::<ystcru 
U~ i ~ k no•' n ~ha~ J, N 1 K OJ.A T I'.~T.A·, :t sub~ :\~ it is used in operating mot.ors or converter• • 

. icct of the Emperor of Austria, from Smiljan, ot·· both, ia 1)arallcl ot· multiple arc. Fig. 3 
l,ika, boru•'r <:ountr.v of Austria-Hungary, re· illnstrntcs d iagr:tmmaticalty the manner of 

5 siding in t.hc eit.v. cotHlty, and State of New operat ing two or more molorsot· convm·tcrs,or 55 
York, have invento::u certain new and nsefnt both, in series. . 
Im provements in Systems of E!P.ctricaf Dis· It is obvio.u~ that for puqtoses of this illvCn· 
rdhntion, of which the foltowiug is a specifi· t.iou motors or transformer~, which m:tybcall 
cation, rcfor·cncc being had to the drawi ngs ac· designated as "converters," arc the saruc,nn<l · 

ro co'mpanyin:; and forming a part of the same. that either or botll may be operated by U1e 6o 
Jn pt·evious applica tions tor patents made sar~e system or arrangomeot of circuits. 

by me I b:wc showo and described elcdrical Heferl'iog to l?ig .. l, A A designate tlto poles 
•s~tcms for the transmission of power aud tbc . of t bc ficld- mag~~t:S of au altcrnat!ng·cut·rcn·t 
collv~rsion nod distribution of electrical co· gencr·ator, thG n·:matoro of which, being in 

, 5 cr·gy, in wbirh the motors and the transformers this case cyliudric.-..1 in forrn and monntcd oo a 65 
· ront;~iu two or mo rccoil$orsctsof coils, which shaft., 0, is wou!td longitndlll:llly with coils B 

wer·c concieo~ up in iudcpcnucnt circuit$ Il'. 'fhc shaft C carries three insolated coil · 
wjth corre~pondiog coi ls of au altcrnnli nt;·<' Ur· tact-1·ings, a IJ C1 to two of whicll, ns b c, one 
rent gcncr<~tor, the op~rntiou of the system be· t~rmina! of each coi l, as c cl, is connected. Th<: 

zc iog h•·ongh~ ahou~ lJy 1hc co·opcralion of the I' o n:tiuing terminals, f g, aro botQ. con!lccted 7c 
~l tcrnatlng C•J rrcots in 1 he independen t ci r· 10 the third ring, a. 
cuits in progrc-ss:vc1y moving or shilli n~ the J A ~notor in tbis case. is sbown M cor.npo~tu 
polt~s or points of mnximum magnctit• c rlcct of of a ring, H, wound witb four collll, I 1 J J, 
tho motor~ or converters. Jn these systems, 1 clectricaiJ.y connected, so M to CO·Opornto in 

' ~ '" f ha vc <lcscri l!e<l tlr em, two i rlllcp.:nucnt I' pairs, wit.h a tendency to li x 'tbc J>Oil\S of the 7 5 
coodnctors were employed · for each of the . ring nt. four point.s ninet.v degrees apart. 
inMpcudcn~ circuit..~ conuccr in;: th~ ~;cner· I Within tbe tpagnctic ring H is a disk or cy· 
a tor with tbe dt!l•icos for converting u,, l.rans· ! i indl'ical core wound wilh two colts, G G', 
ulittr.d r.nrrcnts into · mcc.h:tuical cncrg.v · or J which may he conne<:tctl to 'form two ~losed 

30 u1t0 clcctri<: CtH't'N il); of ~uothCt' chflr:~r.i.C"'ri cit·cuilS. 'l'he tcrmi nals j k of tho two sets or So 
hut 1 have faun<! thnt. <his is ur.t aiw<~y~ :.eccs· pairs of coi ls arc connectc,l, respectively, to . 
slry, a r•d that the ~wn ot· n10rc ci rtnri' may ~he bio<ling-posle' K F', and the other termi
havc :\ ~inglc •·cturn p~tlr or wire in con •rnon, nals, h. i , aro con nected to n single binding· 
wi!h:!. !oss, if any, which i•socxtrcutcly ~!ight pcst., .D'. '1'<> operate tho motor, threo line· 

3S that it may be dist·r·gardt·•l c•:ti rely . For sake wires arc used to connect tho terminals o! the Ss 
ofi!lnstt·ation. if the generator h:wc h 1<r ln · gcr.cratorwith those of the motor. 
tlcpenucnt co ils and 1hc ruotor lwo· coi ls or So far'·n.y tho apparent action or ruode ·of 
tn·o sets of coils in cor~·rspont!ing re!:l! io ns to opcro.tion of this at•rangement is concerned, 
~~~ operative elements one tcrmiual of ~ach I t he si.ng!c wit·o D. wh ich is, so to speak,acom·. 

40 ~;<:ncrator-coi! is connected to the cun·e>;pon<l· moo tctu rn· wi t·c for both circuits, mny J.io re- 9o 
ing tcrminul.s·of t he u•otor· coils f.hrougb two I gard~• l as two independent wire~. lo ·ill us. 
indcpcudcnt conductors, wbi\c the up posit~ tration, wit.b tho ortl<)r of connection shown, 
tcruuna!s of the rcspcc~il·e coils arc both con· co il n· of the generator is pt•od·uciog its m:}xi· 
11cr:tcd to one rcturn ·wlfc. r mum chrr~n~ aud coil B iU; miohuom; hcnco 

45 ··· 'I'bis iuvcntiou is applicable to nry system I t·bc curront which passes through w!roe,.ring JS 
in various ~rays, :HJ will Uc aceo by ref~rce.cc ! b, brush b', linc·wir~ Et terminal E', wiro j, 
to t.he drawicgs, io wbich- I coils I I, wi r~ .or tet•m inal D', line-wiro D, 

l!'i~ure 1 is a diagrammatic i!!ustralion of" brush a', ring a, and wire/, fil{CS tho polar 
generator aod slnglc motor coustroctcd an4 ., line of the motor midway between. tho two 

so electrically conoe~tcd in accordance •with the coils I I; but ns tbe coil B' moves from the po· too . . .. . . - .. 
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s ltion iu<lic~ rtd it gen~rates le'l.• curreut, wbllc cuit i~ councclcd loa li ne-wire aonlthc othrr 
coil B, RIO\'iug inlo the field, gencrntes more. Lhrec termiu:llstoacomolon return contlucto l·. 
Tbe Cn l'rcnt from coil U passes Um.ugh the This ~.-r~ngemoot will sccuresimilnr results t<> 
devices nncl wire.< oks ir;n:ttccl hy the letters a, thoscaU:~.in~d with a generator nod motor hav-

5 ·c. If, F, F', k.. ,J J, i, ll', D, n', 1r, nntl g. :~. ud inc but two in<lcpenclcnt circuits, M nbovc de t>O 
tho poslrivu of t~e poles of Ll•c motor will be scribed. 
duo to the o·•sullaot cll'cct of the curr<nts in When nppliea fA! soch mach! nos nutl uootors 
t·bo two ect~ of coils-IbM is, it will llc nd· :l.S have thr·cc or mo'l'!l induced circuits with n 
~nnced in proportion to tbe advance or for· common ell'_ctriral joint, the three or more ter· 

ro ward roovemeot of tho ~rtnnture coils. The m;n:lls o.r tbc gcocralor would be simply con· 6' 
movement of the gencrntor-nrmo.t ore tbroogh nee~ to tboso of tbe motor. Such forms of 
ono quarter of a TP•olntion will obvioosly mncbinC!', wbcn adapted in tbis m~~ner to my 
hriog coli B' ioto its nen~!"lll po.«ition nod coil syst.em, J h~ve, boweve r, ronml to be less eOi· 
R ioto its position or muio1um effect, and cient tbao the others. 

1 s this sbi (ts tbe pol~s ninety dcgrel'S, as they are ·The i ovention isn.pplicalM to ruaclriocs ah<l 70 
Oxed solely by coils B. This action is re· rootors of various typca, and nccortli ng to cir· 
p ealed for each qoart.er oft\ couoolcte rcvolo· cumstaoccsand cootlitioos readily untl cratoocl. 
tion. with n1oro or less efficient resul iB. I do not 

Wbeo more tbno ooe motor or otbcr device therefore limit myself to aoy of tho dc~ils ol 
oo 13 employed, they may be ru o ch.her i o para I· conatrnction or the appa ratus herci o sbow n. 75 

lei or series. lo Fig. 2 the rorm.,rarrnngerneot What I claim Is- · 
is sho,..n. Tbo electrical de•icc is shown as 1. Tlte combinatioo, wttb a gencra~or hav-
ncoovcrt.cr. L, coostroctetl as I h:wedcscribed ing Independent corrent·generatinlj circuits 
iu my application Serial No. 268,787, 61ed a nd n converter or converters b:lvsog iollc· 

'5 December 23, 1887. Tile two aeiB of prironry pendent Md 1cor~pooding ciretiiiB, of icde· to 
coils p r are coooected, respectively, to the pendent cooouctors connectin& one terminBl 
matos F E, which ore electric:~.lly eoooeclcd of ea~b geoeratOr'·circuit with 11 corN)Spocding 
with the two coiiB of th~ generator. The t.ernlinol or the motor nod a single cood ucto r 
crOM·cl rcolt wires l m, making theRe coonee- con:~ectiog tbc reml\lning geoorator n"nd con· 

30 Lloos, are then conocctc•l to the common rc- vert.cr tcrtnlools, :l.S set forth. 85 
tnrn·wlro D. Tbe socoudMy coils p'p" are in 2; Tho cornbioation, with o gcneraLI)f b~v
cireoiiB " o, ioclodiog, for orample, iocao· iog lndepeo<lcot curreot·g~oerating ci rcuits 
d~nt lamps. O nly one converter is shocr{o a.od a converter· or converters bavlog iodn· 
cotire~lo Ibis figore, the otbcre bein; ill us· 1 pendent an<l cori"('Sponding .eirc11it.., of inde-

JS tralcd diagl':lmmatieally. 1 pP.'ldeot lloe o r coonecttng circuita forrnt-d in 90 
Whco motor.~ orcoovcrtere o.ro to be rnn io part tbroogb a rondnctor comrooo to all, ns 

serie,the t..-o wires E Fare led from tho geo- 1 S<:t fGrth. 
er:ttor to tbc coils of tbe Grat motor or coo- 3. Tbe syst~m or elcctriml distribution 
verter, tbeo continued on to the next, aod so i herein c~t forth, coosisttutt or tho combina: 

40 on through the wbolc series, ontl 1\re then lion, vlillr nn alternating ·current gcocs·nto~ 9~ 
joined to tbe si ngle wireD, which completes having iodepcude nt · gcner:uing cir·cuits nnd 
both eircoils t-hroogb tbo generator. Thin is el~ct.ro-magnetic motors or · ronvert~ra pro· 
abown i, Fig. 3, in wbich J I represent tho ville<} with corrc.•pooding cnr.rgi1.ing·eircuit.!J, 
two coila or sHs of coils of tlie motors. of l:nc wirra or condnclors connecting ; .b~ co!ls 

45 Ob1·iously it is immaterial to the operation of the motors or convNters, r~pec~ivery, in tee 
or tho motor or equiv:~lent device in Fig. 1 series with one tcrtniual of caclr circuit of tho 
wbatorder of connections is observed bet weco gcner:~tor, one! a single returu wiro nr cnn· 
tbc r~pl..:tive terminals or the generator or dnctor c<>nnccling tbc ~id condoctClrs r~ith 
motur. the other terrnitr:ll• of tbc r:cnrr:uor, as S<'t 

so I have described the invention in its best fonh. 

NI1<0LA TESf,A. 
nntl roost practicable form of which I :1nr · 
nwnre; but there a rc other conuitinns under 
wbich it, mny be carried out. For cxomplo, in 
I'M~ the motos· and generator encb hns t hree in ·1 Wilncs~os: 

55 d ependent circuils, ono ·terminal of eneb cir· 
HOOT. F. 0 AYt.OnD, . · 
FRANK E. liAT<"rU:Y. 
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Ap,t:eatloo. (llel! HatlS, 1888. Sa!a! No. 213.902. (No o vdtD 

To. all wlwm it nl<lf! c~~cern.' 
Be it known that l, NrKOC.A 'l'&SI.A, n sub· 

j~ct of the Ernpe:·orof Anst rin·llungr.ry, Cor· 
mcrly or !-;rn iljsan, Likn, bor<ler country of A us· 

S tria·lf~Jn~m·y~ but tJOW r~shling at New York, 
in the co:111t Y. 1<11<l Stnte of X e"· Y ot·k,luwo in· 
vented ccrtnin u~w anti ltsefnl Improvements 
in ~yGtcm~ for tho Electrical Trunsmi:<sion of 
!'ower, of which the followin:! is r. specificn· 

lC tiou, r<:fcronce being hru.l to the dnHting~ ac· 
eorup:mying a ad forrniu;t tt part. of tho :ol.nme . . 

This in,·entioo is en impro\'erucut in sys~ 
t ems or elect deal <list ri but ion of power wl.tero· 
iu are employed moto:·3 hnving two or ruoro 

15 indep~n<lout energ!zin~·circuits, through 
which nt·o p~tsse<l t\lternl\ting currents differ· 
ing in phMo that 11re produced by n m~gnoto· 
electric macb i ne h:w i r.;; i ndepMdeut ind uecd 
circuits, or tunt r.re o\nnined from nny other 

JO SUi~\)leSOUfCOOr by tony Othersuih•\lle m~fiOS. 
In illustration of tho variouscomlition~ which 
I regnr<l ns most itoporto.ntto nn attainment 
oi the best results from tho u~o of tootors of 
t!Jis ch~nlctcr, I hn :·o horotofo1~ used gouor· 

zs ally fonns of g<:uerlltor in w!Jicb th~ roletions 
of tho induce<! or curront·genor><ting coils and 
field·ma;;ncts wcr<> s i1ch that but two impulses 
or curr¢nt nro produced in each coil l>y a siu· 
glo rc,·oln tiou of tho armaturo ot field core~. 

so The rato, tboreforc, at which t.he different 
pl!ases or irupulsos of current in the lino·cil·· 
cuits succec<led one anotiler ws.e so iiltl.e 
gl'eator to an that nt which tho nrmatut·o of 
tb3 r;eccrt<tor t·evol\'otl thP.t without special 

l5 provision the· generator rC<JUireu to be run r.L 
very high speed to oblnill tbo best rc~ults. 
It i3 "'eli known that the wost cffidout re· 
~ulls nre secured iu thooper.lltion ot euclt mo· 
tors when thoy 1\t'e rom at h!~bspceds; butM 

40 tho prnctiCAblo rato of S)lccu Is t:lucb limltod 
by mechanical conditiocs, psrtlculnrly in tho 
cnso of lr.rge gonero.tot·s, v:hioh uonld be ro
qniro<l when n nnml>er of motors aro r11n from 
n single ~ourco, I ha-·o 'lOught to pt~uce a 

45 grcMer number of current ~GJpulscs by a slow 
<-r slo,-cr speed tbaa tbut at which tho ot-di· 
n11ry bipo!ar machines mayb0 econorcic.!l.lly 
oporati)d. I tborofore ede.pt to mysystom any 
of tho various typos ot touttipol<lr alternn.t· 

so ing·eurrcnt machines which yield a co::sid-

ct·nble n u •u bet· or cutTilnt rc,·er,;nls or impulses 
for each rovolu:ion of tho armntmo by o)). 
lierving tho main .condition ~ss~nlinl to tho 
opot·ntion of roy system that the phuscs of the 
cu:·ront~ iu t!to. indepenuPnt in1lucoC: circu its 55 
or the generator shoul~.l not cOincirlc, but e-x· 
hi hit n su ffident <'I i !Tot'Cl)Ce in phase to prO<!uc() 
the <lesit·ed r~ult~. I may nccomt>lisb this in 
a v&riety of ways, which, howe<·~r, mry only 
in de!Ril, since tliey nro bn.sco upon tho .'ll\1!10 ~o 
underlying principlo. Forexm.llpl~. ton<lap:" 
given typo or altorunt:ug~cut·reut ~encrntor [ 
mnycouplo ri~:idly twocomJllet.c ""'chi~~>, Sc· 
en ring tltom ~o tltl\t the •·eqnisite diiT~t·cnce 
io plta.so between tho cun~tlts p:·~dnccu by 65 
each will be obtained, 01· I nn\y ~ccuro two 
tlrmatures to the t»>me shnit ·withiu tho inOu· 
ecce ot thG ~nme fl~hlRn<f wi1h nn nnguln1· 
dispiRcoment thl\t ·will prouuc~ tho propo:· 
diflercuc& in phMo U..tw~eu the 1\\'o currents, 70 
o•· I may socuro two nrmatnres to tho same 
sbnit with thoi 1· coi Is •ym wet riel\ I !y dis posed, 
Rnd plxco two ~ets of lield·mngnet~ nt sucl.l 
A.nglo ~c; tosecuro the same result, or, flnnlly, 
I IOP.y wind on thosnmo ut·mntnro the two sots 75 
of coild !<lternntely, or in such rol\noer that 
they will de•·elop curroots, tho phase~ of 
which c\i!Ie: in tim~ sufficiently I<> prodnc;, 
rohttiou or the' motor. . 

Anothor fenturo of my ir.veution is i.u tho 8<
plan wbicill hnvo devised tor utilizing gon· 
eratoru nn<.l motor~ or this typ~. t\'boroby " 
single geoot'ILtor mny b9 caused t.o run" ouut· 
ber of mctor3 oilhor <lt tho snmo opced ns it<l 
O\VU or nll12t di!Iere"t opseds. 'l'bis I aoeom· Ss 
pli~u by const~ueting tho motol'tl with tower 
poles thlln tho ;:cnor•.to~, in wbich caso theit· 
epocd will bo greater thnn tht,t or tho gen~r· 
lito•·, tll& rato cf spood l>oing higher ns tho 
number of tboir poles is rolutively lllSS. 'fhis 90 
wiH bo under.~tood !rom an exnmpl~. Sup. 
pose tl:o gonorato' hr.s two lndcpeudont gon· 
eri\ting-eolls which revolvo botw<!<-n twopolc-· 
piC¢00 oppositely 1nnsnetized and that .tho 
tDotor bas enorglzing·eoila that produce at 95 
any given time two magnetic po>los in ono 
elt~otent tbnt tond to sot up a rotation of th<' 
root or. A g~nerator tbu~ constructed yields 
fonr impu!sea or revorsnls o! current by ooch . 
reYolot!oo, two in each of its independent too 
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ci r<·ui t~. and l h;\\'O dc rnons~r!\ted tbtlt tbe ~~- . 1 r,imi!r.rly to thnt ~r ~ho gener...-... tor, .but vrilh. 
feet upnn. <\ moLor such as that meotloned. l:) two $.~ts of two cotls m closed C:!'CUltS to cor· 
to ,~; ; r, tho ma:;ncl ic poles tbrougn three respond wltb tho reduced number or mHg-
h;nn!:·c·l nu<J >ixly tlo;:r<:cs. 1t is obvious netic poles in tbe field . 7'-

5 t!>;tt if the four l'ij\'el'lU'.ls in tno Sl'mo order From tb e f<;>rogoing i~ is ov deat thnt ono 
c0;;ld bo nroducorl by encll hl\lf-I'() vu lut ion rOI'Oiution of t ho aru1a.toro of tlio generntor 
of the ~o,;cratur tlla wo1or wou ld make t\'i"O produci ng ei~bt currcut. ~ropuises in each cil·· 
rovolutiOO:i to thC g-e:~crntor'$ one. Thi~ e~ait w:U produce two ro\.·o lutions of tho mo-
l<ou ld be rend ily 1\CCOu<pli~hed by adding two tor-aruwturo. 75 

10 iuterrn~diilt o polell to t hogenoruto r or altor- The :\[>[>liCIIt ion of the priucirle of this in-
i n:; it in My of the othor equiV'>!.!Mt ways V(\Ution is notconOnetl toanypnrticu!arform 
~oove iudicatcd. Tho sn1110 r<l l() ·applies to of HlllC!Ii n~. In Figs. 3 and 1ngeu\lratoread 
~enorMors and 1notors with multiple pol~s. rnotor of another well-koowu ty;:>cm·oehown: 
r\w ius!aneo, if n gf'u<!n\tor b o COt)Structcd I n F i:;. 3.J J llrO lll;l.goet~ disposed i nn circ!o 8o 

JS with two ci:cuits, each of wh ich produce!i H~ld wo~.;nd with coil~ I<, wbi<~h nro ia circuit 
twcll·o reversnb of curront to a revolution, with 11 generator which <>upplies the current 
nnd these cu rrents be directed through the tuat rnnintRins tho field of forco. !11 tbo usual 
imle-penqeo t en~rgizi ng-coHs of a motor, tho const\·uct ioa or these rua.<:hinos tho s.rmature-
coil~ vf which are M npp!icd 1\S to prod11ce conductor L is curried by n. 5citablo frerue,oo es 

:o tweh·e ms.guet ic poles at nil ti:nes, the rota· ns to be rotatad in face of tho mf>guets J J or 
tion of the two will oo !lyochronous; but if between these wRgccts nnd. anotilor similar 
t he mol or-coil$ produca but s ix poles the> mov- sot in faco of thorn. Tho magne(;;) aro enor
able elem~nc will l.>e rotated twico while t.ho gizo:l eo t>S to be of altoroatol~·-opposito p<~
g'3nert~tor rotntes ooce, or if the motor hi\VO ltlri ty t h1·ocgbcut tho noriee, ao t!Jnt ns ·tbe ¢<> 

>5 !our poles its rotntlou will be thrc~ times as conductor 0 is rote.tcd fhe o:Jrreut impulses 
fast"" that .of the 'genorntor. comoioo ~rare added to ono another, thoso 

Tbose r~atu res, w far a.s it is necessi\Ty to prod uced oy tbo conductor io nn y givou posi
Rn cndornta~u iug- or tho lnYootion, aro ill us- tion bniog alii a tho so.modircction. T.o adapt 
tr«ted in the accompanying drawings. · such a mnchino to my systom, I add n Mcond 9S 

10 F igut·& 1 is a diagramLORtic illustration or sot of induced conductors M, in all respects 
a generfltor ~onstractod in accordance with aimilar to the first, bat so plllcod with re!o•·-
my inveotion. Fig. 2 is n ~lmihu \'low o! a ence to it that tho currents produced in each 
corres~ondingly-constrncted motor. Fig. 3 is wit! di!Ier by a qunrtor-pba5c. ·with such'ro
adingr~unof 11gene rntorof· modified construe- lations it is Gvident tbat ns the current de- 100 

35 t ion . Fig. 4 is ll.dingram or a motor or cor- c•·oRSo.• in conductor I, it iocreasos in con
respond ing clmracrar. Fig. 5 is.-. diagr~<m of d nctor M, and conversely, nod that nny of the 
n system cont•lining a gonoratot· Rnd several form• of motor invootcd by mo for USG in this 
motors adaptod to ru u 1\1 mrioua speeds. s,;;stem muy be operated by such generator. 

In Fig. !, let C represen t a cyiindrioularmo- Fig. 4 is intended to show a motor corre- 105 
1,0 toro·co,owound longitudioellywit b insu lated spondio g to the mnch!oe iu F iz. 3. Tbecon

r.oils A A, .-l1ich are connectod up in series, structloo or tbv motor is identical' with tb&t 
the terolinals of tbe series being con ncctod of tbo generAtor, nnd if coo plod tbo~oto it will 
to co!loctiog-riog» C£ a on-the ebaft G . .Jly ru n ·synchronously th('r<lwith. ·J' J' are. the 
~1caus of 1 his shaft tllo nrm:.ture is moon ted field-magnets, and K' t be coils thereon. L' Ia .< :o 

4s to rotate b2twe~n tho poles o! an annul:.r one of tlie Grmatare-conuuctors nod M' the 
field· mago o~ D, formGd with polar projec- otber. 
tions wound with ccils E, that magnetize the Fig. 6 shows In di«gram otbar torUla or ma
aaid projectious. Tbo colls E are included chine .. Til& generator N in tbisC8.3e ieobown 
in tho circuit of a generator F, by means of n.s consisting of 11 stationary ring 0, .-.ocnd 1 <s 

so which the ileld·m&g not is ~nergized. It thus with t wenty-four coils P P', allernato coils 
constructod,thomacb ino isawell-known !or:n being con!!ocled in series 'in t>"O drelrila. 
of alternating-current gonerator. To adapt Within this ring is a disk or drum Q, with 
i~ to my system, llowe\•or, I wind Ou armat.:ro projections Q' won!1d with energizing-coil~ in-
C ~ :lCcon<l s~t of coils n n iotermodiate to duded in circa it wi tb .r. gevcrc.tor R. By dnv- I <C 

55 tho first, or, io other words, io $uch positions ing this d isk or cylinder alternating correuts 
that whilo !be coils of ooo set are in tho rola- :..re prod ucod i" tue coils Pan<! P', IYoich aro 
tivo positions to the poll)$ or the flold -magnct carried oil to ru n th<l several lllOtor:>. 
to produce tho maximum ourrent tbcsoof t ho T ho motors nre compo~d of n ring o~ ;;n-
otber set will bo in th o po8itio" in whicb t boy uular fleld-mxgnot S, woot:d with twc oohl <:f ' zs 

6o produCG the minimum current. The coils B energi zicg-coils 1' T'. ned erroatnr•.l9 U, llr.v- • 
arc connected, also, in seri<*l end to lwo col- iug projections U' wooed with coi!o v, nll 
lecti og-riogs b b, secured gcn~rally to thoebaft coonooted in se ries in a closed circuit or each 
at tbo opposite end of tho nr:natuN'. closed iodepondeotly oc itsvlr. 

The motor shown in Fig 2 b~>n !ln ~nu u!11r Suppooo tho twolvo goocrato<-coi!s P are IJ' 
6s ficld ·UliljlO et H, with fot:r p<>lo-piccee wound wot:nd nlt~rnntoly in oppo;;:ta diroctioos, so 

\ntb C.OtiS !. 'fbo lU'Ull.lare iS CO~Stl"U(!tP.d t~lSt t }!'! 71 t~O adjaC{:n!. ¢(1!~~ cf t.ho Mfn() set 
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tend to p1·oduce n !reo pole> io ~he rin7 0 be· 
tiVccn ~he>tn ant\ tbc twelve coHs P to bo 
similarly· wound. A sin:;Je.~c,·olutiou of tho 
disk or cylinder Q, the twolvo polar projcc-

S t.ions of which tirO o! opp<>Sito pol.nrity, will 
t bcrc!ore produce t wolve currc:-n~ ~rupulses in 
Moh o! the circuits W W' Uonco tho motor 
X, which hM sb:tcen co lis or oight free poles, 
"''ill Utnlto ono and ·" hnlt .turns to tho :;-ooor-

1 o ntor's one. Tho motor Y, with t weh•u coils or 
six poles, wilf rot Me with twice the speed of the 
~;onerntor,liod tho motor Z, "it !.I eight coils or 
tour pol~, will rovolvo ti.Jrco times as fast as 
the generator. These 1onltipolar motors ha vo 

o s n ,pcculinrity which 1cny bo often utill~ctl to 
groat ndvan tago. For cxnmplc, in tho motor 
X, Fig. 5, thC> oight polek 1i1~y bo citho1· niter· 
nntcly opposite o•· thcro may be at any given 
titue> alternntcly t1•o like> r111d two oppo~itC> 

•o poles. This is rondily att?.inod by mnkihg 
the proper clectricAl~onuectlons. 1'hooffect 
or ~uch \\ chnn:;e, howevor, wonlu be thesnruo 
n:S >·oducinf: tho number oC poles ono-holf, 

·nnd tharcby <!oubling the speed or nay ~;ivcn 
•s rnoto1-. In thcsonod <>thenel!pccts it \VIII be 

s~eu thn:. tho Invention involves many ini · 
l>Ortnnt nnd vnh:nbiG !cntures. 

It isobl·iou&tbnt tho clcctrice.ltransCorm· 
or~ dc<cl'ibcd in prior p!\lonts to mo add 

JO which h:wo intlC>pcodcot primnry carrC>Dts 
may bo usee\ 1tith tho j!eoemtors heroin do-
~crilled. · 

It mny bo statctl wilh respect to tbo de· 
vlcos horolcn!ter so: forth tbattho most pe:·· 

35 Cec~ and hnrmon!ou~ action or tbe geMrntors 
nod motors is obtained whoa tbo numbC>rs of 
the poles or each e.ra oven and not odd. It 
thl~ i~ not tho case, thet·e wUI bo o cortn;o 
uuevouocss of nctloo wblcb Is t hQ loss appro-. 

40 clnblc ::>.:~ tho numbor or poles is greater; but 
oven thl~ mny bo in a m0asoro corroctcd by 
spo~lnl pro1·isious 19hicb it is not boro nee~· 
sary to c:::plalo. It also follows, ns nuu~ttor 
.ot comaa, nnd from tbG abol'e- it is ob\'lous, 

iS that iC ti.Jo numbor of tho poles of tho motor 
. b~ r:re&.ter tbnn tl:Rt of tho genorA!4r the mo. 

tor will rGvolvo nt a slower anee<J thnn tho 
gC>oorator. 

What 1 claim ns my iu\'ODiion is-
1. Tho combination, wilh ao alternAting· so 

current gcnorntor comprising indopoodont 
Mmnturo-cireuits Cormcd by conductors nl· 
tornatoly disposed, ao that the currouts do· 
volopod therein will differ in pbaso, nod fiold
rongno~ poles lo excess o! ~be num berof nrmn· ss . 
tnre~ircults, of n motor IHwiog iodopendc:mt 
onorgir.io~~ircui tacon nee ted to tbo armaturo
cil·cuits of the gcttcrli~or substantially as sot 
forth . 

2. The coml>\nl\llon, with asourceof alter· 6o 
untiog currents which di!Ior in phnsoaodr.om· 
pl'isin:; a rotatiu:; tnl\go~to·olcctric mncbiuo 
yield log a:;iv~n number of current impnlsos 
or altcrr::\lions forca~b turn or rcvoluliou,of 
a motor or motors hM·ing iu<lopcndcnt encr· 65 
gil;ing·clrcults tbronsh wbich· tho said cur· 
ren:s are en used to Oow, and poles wbicb in 
r.ombo1· nro ICM tbao til~ ouwber oC current 
impulses produced in each motor-circuit by 
ooo turn or TO\'olutiotl o! tho mRgncto-mn· 7~ 
cbice, t.s setrortb. 

3. Tho cowbiontion, with a ·multipolr\1' 'nl
tc•·nlltlo:;·cnrreot mach I no hnviug iudcpoud
ont Induced or cnrroot-gouorating clrcuiWl, or 
motors having iodejlcodoot cuorgizin~;·oir· ~S 
cults nod a smnllor number o! pol~tbnn tbo 
gonorator. as set forth. 

4. Tbo eom blnatlon, with nn nlteroatiog
currcot getterntor havi:~g lndopondoot in
ducod circuits nndconst~uctod or ndnptctl to So 
produ~o a givon numbor of curroot ID>(>Ulsos 
or nltorontlonM !or cnch turo or rovolut1oo, of 
motors havlcg oorreospooding cnorgizing-cir· 
coils n.od po1~. '!l'hicb !<1 number nrG loss 
thBo tho nnmbor ·of cur:-oot impulses pro .. 8s 
ducod in oach oircolt Ian turn or rerolutlon 
or tho gonerator,~~:~ sot forth. r,.,..., ... .,..,._ 

-...,L,,~ •-;;,...., NIKOLA TI!:SLA. 
Wltno$1.1o8~i6'!t.ll~ 

FllA.''X E. JiA..RTLXY' 
FRANK B. :M USJ>D Y. 
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To a-ll whmn it may ooncern: 
ll<> It kn<>wn lhnt r, NlKOLA 'i'MLA, from 

$ rniljn·o, J.!ka, !.>order country of AustrlA· 
! I u o;;My, a r.u bjccl.o( the l':o>poror or A ustri"· 

S l'iunga•·y, r<.,;i<JiogRl New York, In tho couoty 
ftUd Stnte of Ne" Yorlr, hnvo lovcntc.cl a new 
nn~ tr'-CCUI N othod oC El~~<:tricAI 'frAosmi•· 
! ion Of J>ower, O( which thO follow in:; iS II do· 
s~ription, thieRppllcMion l)eio~: "division of 

ro ari Application tiled l>y mooo'Mny 15, ISS<,So
rlnl No. 273,093, ~~ncl for thl\ ruothod ot oper· 
Mlog n>o!ors cont<\inocl in such application. 
. In rormor patonts grnnted to rue I hRVO 
abown and llc5cribc<la syston> for th~ olec· 

• s trlcnl transmis.~lon of pow or chn1·ncteritcd by 
tho!ollowinr:pnrti~uiAr~: 'rho motor ennt.nins 
iuUcpondont enurgiz.ingcircul t.a Rnd tlto"bOU· 
crMor hAS corro.st,onUin~ induced or current 
'uuerntiog <::ircnits \\'hieh l\rc ~onn~te•l by 

2 0 rodep~n<IMt lino circuit:< with tho:so oC the 
motor. Tho d isposit ioo l>f thu ;:tnorAtor coils 
io such tha.t t.Uc C:m·rent~ tlovoloptd in thocir· 
cuits iodudin~ them will hn"o r~ eortn.in d iC· 
fOrOOC:C Q{ p1Ht!;C1 fot· OXI\IIlJ'liC, t l1:1ot tho mAXi· 

:s roc.m J'l(lrio<lso{ thccurrcnts;.;onon\lctl inun¢ 
o! its circuits colo.citlo with the roininuun po· 
11ods of tho cmTcU t3 vt·olluec•1 iu ·tho ot her 
circuit., 1\Ud tho corrcsponJin;: cneq~izin~; cir· 
cnits or thu motor arc so nnnn~(.'IU thnt the 

30 t..-o ourroots co-opcr11to to ciTo<>t" pro;:resS· 
ivo ah i Cti og of t.he 1n:\~nct.ic po!es ot· the 110i o t.i 
oC mnximnro snl\g:not.io cfrect l:t t i10 mol~r i n 
coosequeollO ot which 11 rotMion or its mov· 
Ablo tlomont is ml\i ntRin o,1 . 

3S My prosont invention invoh·c,. thi~ oy:<t~m 
or o.lootricP.l i>Owor trRnsrniesioo; its d i~·.in· 
guiohing characteri•tic boiug tho modo or 
rnothod or gonora.tio~: or proc\ncin:;thonltor·· 
f\4tl Cg <lii\TOUtij Which , \'lin 0\' OJlPrl\tO thO 

40 motor. 
This iove~lior. is can·lcd out in tho follow· 

iog w~y~ l nsteAd or jlcnomltu:; dir-ectly tho 
altornn~iug currents io Mch oC· Iho circuits 
,.hie~ include tho energitiug coils-ot tho mo· 

•S tor, till by met.os of tho Induced cc>lls or 11 

m11gneto electric tonchlno, l!lGIIOrl\to or Jll'(l· 
<!uco an ultcrnntiog eu rr·llnt in but ooo ot 
•uch circuits directly nnd lly mo11os or suob 
current induce tho pro ,Pot our root lu tbe cthor 

so ~noruizin-r rnotor ci~cult. Wilen\ the indo· 

pendent currents Me l>?th ('roducod in tho 
Jnl'.gi'Cto mncbino ;L will b~ observed thnt the 
twu lioe or lrnn~•ni t~~n;: cir('uits will of ao· 
COS:\iiy ex tend lt10 ontir() <.JiStl\i)(•() frOUl t hO 
~oi•orAtortn thn ti\Olor, but that by thtl •Mthod 55 
ht'rcin pro\·ldocl, one line c ircuit may be <lis· 
ponsud with "' ooe circuit or thnt from the 
gonorc\lor tnl\j bo brou:;ht into' tho proper in · 
d uetil·o rel11t ion to · t ht o1 her at any dosir~~ 
point. ~-

Tho following is illuMI'Il.li\·u or tho rnnnucr 
in wl,ich I carrj'c)ul this iltv~ntinn: I e10ploy 
as n motor, r~r exnmpl~, a snbdil'icl~U: nnnu .. 
Jgr 0~1<\ mn;:nH w<tbin which is n>bnnted . " 
suir11blo Artnl\lnrr, •uch "~ n cylinder orrli~k 6~ 
woHnd with two ~oils at. d;.;ht sw:::lc$. 0.1.cb (If 
which Ia clo>uol upon irsotf. On O(l(l~~llo •idcs 
oC tho 1\nnull\r fiolcl &n .<~n6t I win<! ~"O coils 
qf iosnll\lC!<I wi re of ,.-;,.o:vl,.ptcd toe!'rrY tho 
enrreut frorn the goutri\tor. Over tlieso coil., 70 
or eJc).•c tot hem in Rn)' or the well un<lorstood 
wnp; I wind ~~CUG\ht.ry eoits.. I nll\0 '<find on 
t.ho l\111\\tlnr fielc.llnJ\~;n&l miclwny botwuon the 
Orst mootionc<l coil> II pnir of coils which I 
conuoct up in cirruit with the ht>eonclnry coils. 7S 
The lnst pail' or coils I 1111\kO of ·nucr "i<G 
t.hnn tlH>rnl\i n or liuo anti sceond•r)' coils nncl 
with II ~;renter OIIIObor or COI\\'Oluiion~ thor 
they mAy ha\'e n gre)\lcr relxti\·o mA;ncUziu~ 
nnd rolt.1'1lin; c iTeet tb•n oithero( tho others. )o 
Hy connect in; up tho m~in coil:t in circuit 
with 1\. g()nOrl\lOr or ·alt~rnnting currcoLS tho 
arn>Rturo of the motor will bo rotntcd. It is 
probnulo thl\t llli• action i~ oxrlninod by tho 
foltowing,lhoory: A current irupulso oo tho Ss 
lino pns.-,wc; lhruu:;h th6 mr\in coils C3lt\1J· 
Ji5heS thO n1agnetic polea O[ thO ~nnuiM Rol<l 
ma;;aots nl points m 1d wny bctlvc~rr snid coils. 
lli1t this lrnpnho rrocluees in the socoodAry 
coils 11 Cllrrorrt which, circul~tiuf> through tho 90 
ftccond pall" or 0-nf'rgi?.inc: coils tond~ to U3tQb· 
li~h 'tho polo~ nt l'oint.s niMty do::roos re· 
movocl f rorn t hoi r first [•osition with 'tho result 
o! ttt'O<Iueirr:; n rnovemonl o,· ohiflin;: or the 
pole.• In ob~rliorrc~ to tho combined rnngueti•· 95 
In:; erroctor thGl\YOSetsof collll. Thiubirt
in~: cou tiuo ccl by el\ch succcssl vo curroot irn· 
pul! G ostr.blishes whr.t may bo tCI'IUOd 1\ rotAry 
offort nod opor11too t~ m11intc.in the c.nnr.tul'o 
lu rot~tion. too 



lo the drA wio!;S aone~acl I have &howo In 
Figaro lnn lllterolltlo~;current (l•neutoroo!l 
:ooeroo with n •notor,sbowndil\~r,.mm&Ue~~lly 
t,nd con! trnetc<l i u accor~~nco ~dth my in~ 

5 Totllioo, and io-Fig. ~ "cllA{mun o! a tl'o<!iftctl 
ro,m at motor. 

A dool gnn tc8 &ny ot·atoary Corm ot altor
nntit;~g current ;touorl\tor and U B tho Hno 
~<l t~~tor conncotlo~; the same wtth tho motor. 

10 CIs \ be o.unulnr· 6old mnguo\ o! tbo motor: 
D D Rra t..-o rol\la ooll.t woond on opposlle 

sldt$ of tho rl ag or annular field and con· 
Deete<l op 'l!itb the line, and bavin: a t~nd· 
ency to 1Jl~0ootl•o the rlog C witll oppos\to 

'5 polM ctld"&l" bel.,.een tbetwo coil~. 
E E o.ro two other magnetizing coils <To and 

JOi(hroy between coils D D, bot baTing 1\ 
stronger ma~enotlziog iofl.!lecce for a ourr~ot 
ot given atreogtb thAD coils D D. 

JO F Fare tbo 6ee0odary coils wbioh aro 8:!.80· 
clttt&d wltlr the r~ftlo coils D D. · 'l'll~yare io 
circulta which locludo t he coils E E n<'i~t, 
i•ely, the cooncetioM boing mndo In aoch 
~rdor that curront& Induced In coils F :u~d· 

zs cireulatlng In coil> E will Mt ltLopp<nliton to 
th04o in colt~ D In w fnr only II.& the l~tloo 
or tho magnetic poles in the ring c. Is oon· 
c~rncd 

Tho nrmaturo rn,.y boor noy of tho fon:M 
30 us&<l by me to my altornstlos; cnr~o.t ayntem 

11od l$ bhown "" w~und with two cloM'd coilt 
Q Jl3t right eoglM to ~ac::. otbor. 

!o ord"r to prolong the ~naguetizlng el!eot 
o! the Indue&<! currents in. producing a ebl!t· 

H i=>g of1ho polos, 1 bn,·o carr!OO tbo prlncivto 
or the cooatructioo e xbibitod Ia Fig. 1 farther, 
t bereby obtaioiog 11 lit ranger sod }:;otter rotAry 
ol!ecr . 

RoCerr~og to r·tg. 2 , C is & D aoonlar !leltl 
10 m•~>D• ~ tnvlns thrce.palro or Oppo6itcly lo

e:>tod l<'tsoC polAr projections K L M. Upoo 
ooo pair or t~e&() projectloos, n.o K, tbe maio 
onorghhig col14 D aro wound. Over Ul~ 
aro wound lbe secondary oils E. On tba 

·~ next polnr projectiOOG r, L &ro woood th• See· 
ood eno,Pzlog colla F which a.re in olrcult 
witb collo E. Tert[Ary ind uced coils E' 1\r& 
thoo woond o,•er tb;, coil~ F nod oo th e ro
maloin-' pol or projections ~~ tho tlllrd en or· 

;o ~;iziog ~tls F' oro wound ~~d conoeoted np 
Jo ,tho circuit of tho tcrtl~ry coils E'. Tile 
oyllodric~l or diak •nnatcn> o~ro N In tlll• 
motor hu po:,.. projN:t!ons .. ·oun<l .rt:h oolls 
0 formloit clo""<l olrcolt&. !J!:y obj6Ctlo co~· 

ss strocUog t be motor Ia th is wr.yls to ell'""l 
moro por!cctly " cloietlng or the point• ot 
mutmom ~etlo otl'oor. , For IS$llml:>t tho 
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op er&tioo <'f the motor to be d ue to tile action · 
abovo sr.t Cortlt-tbe Gr&t &tfect o! J\ corN>nt 
lmpolee in tl•ls motor ... m be to masoorlze 6o 
tho polo t>lcces K K , be~ ~ba cutrooL tberoby 
lnducu<l lu colls E me!;l!etiU>S tllc polo pi.,cM 
L nod tho curroot i.rduced In turn in coils E' 
Ulagoetlzss tho pole piecee M. Tho:><>~ pioces 
aro not ru~gnntized, At 1ell31 to tbolr Colt ox· 6.< 
tent, slruultanoously by this LDe&ns;b11.t'tboro 
IG oooocb or a retRrdlltir•O or dolay to pro.dnco 
a rou.rr. el!ect vr influence upon the armR: 
ture. fho application ot thls principle is not 
Hmltcd to the J;pecial rorms ·O! motor bereln 70 
showo, .,~,.ny ot the doublo eircu!t·r.ltornat. 
log carroot motors to vented by mE> and de
ocriiJed to former Letters Patent t:> '" 101\)' 
l?en<lapt&d to the 81\ID& po rpool8. 'l'bls -~hO<l 
or modo or prodoch>g tho C\H~ota lulbeln· 7S 
depen.Jont ooergiziog circolts o! tho motor 
"'" Y be e>~rrlod out in Vllrioua wa.ro, nod ltla 
not ma lori&l to tho ln~cntloo b~dty con· 
aldorod, wl\1\1 devices bo employed Ia ol!eet· 
log the rcsu It, viz: tho lociuction !l'!>m or by tbo ·llo 
cu r:cnt fro1n the geaerotor or sou roe, or tho 
current or curreote which co-opertto tb~a-&
with lo producing tue .rotl'tlc.n or tbe tnotor. 

I wol\ld etnte tuat Ia u sing the word gtu· 
orlltor, I meeo oitbGr " primary geoorator, Ss 
encb " a ..,,.gocto macbloe, or n sooood11ry 
generAtor, aucb as ao oltlcCtriCJ>\ ooavertor, 
t<ud In cloiming proteotioo Cor Iodueiog tho 
e uri'Clnt In one S<lt o! eoorglziQJ: eo1~ by t ho 
ourront which clrcul&toe Ia ..notbor, I 'I<OU!d 90 
bo oodorstood !1.!1 !adu<l!og the iou uetloa or 
tbo l\Oeoodscy current Crom t he current rrou1 
tbo eamo aoorco M tbat ..,.bicb truoniOO the 
motor coils whotber It bo flow log in tbost.mo 
bmoch or p&rt ot the elrcu!t or not. 9S 

'Vbllt I .clairo !,._ 
1. Tbo motl>od or operalicg electro-mag• 

a·Mio moton having l:>depeodont onergl:lnr 
ciroolu, u heroin d~r!bcd, -..·bich coaalsu 
in pMSiu& a o oltoror.ti ngcurront tb roogb ooe 100 

ol tbo eoer;;iticg circuits oad indo~ing by 
soch ourreot tbo ourreo< in tho othor ooer· 
gltlug olrcuit or tho motor, as set forth. 

II. Tb'ti roet.bw oC operatlog ol~Lro-m~t:· 
notio moton b11ving indepcodont ouor~i<ing •os 
oi rco lto M heroln dosctit.od, which ~oostet.aln 
dl\voloptng l<n altern:>ti<~g cu rrent In noe or 
~SAid eoergir.inj:: clrc11its a nd indocing thoro-
by curroo1~ io tho other onergltlng circnitor 
oircait11, u he~io set Cortb. 

!<!KOLA TESLA. 
Witnoase.s: 

ORO. N. :!rtO:<RO, 
El)W ARD T . EVA><S. 
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UNITED STATES PATENT OFFICE .. 

Nli<OLi\" TESLA; OF Nr;w· YOTU{, N.Y., ASSIGNOR TO THE TESLA m.Ecrmc 
CO~ll',\NY, OR SA)lE PLACE. 

ELECTRICAL TRANSMISSION OF POWER. 

SPECIFICATION formiD0 !)Brl of Lott.e~• Patent No. 011,~~0. dM¢d Do¢¢mbor 26, 18!l.3. 

Appilcatlc.D :11(4 Deccm'bet 8,te8S. RtU'J4i :'\Q. 2~3.0~ ! . flio Qodel.f 

To aU whom it may cor~cern: such cur root a second current iu tho other 
llo it known that I, NIKOLA TESLA, a sub- euersdziog circuit. Or, on the other band, I · 

ject of the Emperor o! Austria-Hu a gary, ft·ou'l mt•Y connect up the two oncrgizing ci r~;uits 
Smiljao,J.ika, bord~rcouutryof AuAtria-Ilun- of tho motor in dorivalion or multiple MC 55 

) gary, residiug at Now York, in the couoty with tho mnin circuit from tho source. In 
and State o! New York, ba•·o invented COr· oitbcr <>Vont I tnnke duo provision for main
tain new'aod useful Improvem~nts in t ho Eloc· ttd nin~: n tlifferonco of phl\SO bet.weoo tbsrur
trical TransmiSilion of Power, of wb,ich tho rents iu tho two circuirs or l.lrancho.~. 
follo•viog is a speci6catiou, rcfor~.oco beiog . In carrying out my iu\'ontion I htw() used 6o 

10 !>ad to tho drawings accompanying and form- various means for securing this· result . . For 
wg apart of tho same. •lXAmple, when I indn<·o 11 current i11 o~o of 

In certain patents horotofor·e gmntod,l bnve tbe circuits fron·. tho cu rrcn t'Oowi ng in tho 
shown a od de-scribed r. system of electrical other, I omploy a form of cor"·orter or hring . 
power transmission, in '•hicb each motor con- tbe two circuir,... into such fnducth·e rolations 65 

15 tainod two or more independent ooorgizing as will prod uco the ncccss><ry differenco of 
circuits through wbich wore causal! to pass al· phaso. Or, when I obtain tho two energizing 
tcruatiogcurr<.'otR,ha.vingiocach·circuitsnch currents l>y dorit'ntion, I rnake tho two cit·· 
a differeoc.o of phMo thnt by their coml>iocd cuits'of dif(orontde:;roosof self inductioC• by. 
or resu It ant action they produccU. n rotary pro- iusorti og " ro.~istnn co or :• sel C i nd act ion coil 1 o 

;o grGeSloo or the polos or points or run:dtnum in Ol>o of snid circuits, or I coml>ino those de· 
tnngnetic ol!~ct of the motor 1\0d. thoroby· vices in di:Toroot "'S.YS 11.~ ! shall •nOr<'>peci r,. 
mniotaiood tho rotation of its movnbl<' olo· cally describe horoinafter. . 
lllOll!. Io tho system l'Oforrod to aud do- Thonct:ompanying urnwin.;s to whic:h J now 
scribed in said patents, the production or rofor iu further illustrlUion of my i<h'•lntion, 75 

'5 ~eneration or tho nltoroating cur.J"'nts upon are a series o! diagrams illust•·•tting>, not tho 
the combined or resulaot notion of .x-hich the specifio coustrnctioo of'tho po<rticular de ric~ 
operation of tho system depends, ia ('l!ccted which I may or may not h&v<.' ~<Sod, b•>t rr.tlJOr, 
by tbeeruploymont or nn alternating current tho electrical connections nod rolutious to be 
generator with independent induced circuits adopted in currying out tho present syste1o So 

JO which, bSTca.son of tho winding or othor ooo· by :.neaos of do,·ice• which nt·o. now ~<oil 
structioo or tho geuerntor prod:.tcc<l currents 'knowo. 
di tl'eri og in phase, .and these Oll't'J'ents woro Figu ro 1 is ad lagrnru ill ustr!\1 i ng I ho met h'· 
convoyed dircctly from tho genamtor to tho od of operating the- motors by inducing ono of 
correa~oding wotor coi l~ by indopondont tho enoq(izing currents by tho otuor. Fi;;. 2 Ss 

J5 lineG orclrcuita . I ha\'E', however, di~CO\'orcu is u similar diagram or tho mot bod of operat
an<>thcr ruotbod of operntiog tboao motors, iog the motors whore tho two energizing cur· 
which dispenses with ooo of t ho line circu its rents !\rO obrxiu<ld by dorivntion froru 11 sin· 
nod onables mo to run tho motors by monnA. ~tlosource. Fig.3is~t moclitlodapplicatiouof 
of alternating cn ri-ent~ fror::: a slnglo original I this prioclplo. .. 90 

10 source. R('ferrin~ to Fig. l let A roproacnt tho 
13rondly stntod this invention consists io source of nltornntiog cunonb; which aro to 

passio;; alterrrtlling cu rrontS, obtained from bo utilized in Ol)eratiog the motor or motors. 
one original source, through both of tbo on- It will be uoden;tood thnt considerod as a 
orgh~ing circults of tho motor, nnd rotnr<liog source of curroot it mn.r bo oitiH~1· R primary 95 

45 tho phases of thO CUrrent ill Ono circu it to l\ Or RGCOlldnry gencrl\tOr. 
greater or loss extent tbnn .iu tho otit<>r'. 13 l.l dcsignato tho contlu<>tors o! the circuit 

1'ho dintribu•.ioo of current' botwcon tho which co!lvcy tho altoruntiogcurronts toone 
two motor circuits mny bo cffoc!c<lby iudne· or more ruotors. Tbe motor bM two onorgiz· 
tion or l>y <l~rivntion. In othor word&, I m~ty ing circuits or sets of coils CD. Ono ott~ 100 

s~ )>1\St! the alternating cunent from the sol1 rce circuits as C is connected directly v.'ith tb'o 
turou:;h ono enerziziogcircuit ~<!'d io<l1.1cc l>y cit·cr.lit n. Tboot.ber set or ooils ss D, is cou· 
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necten up 1n tile secondnry circuit or nn olec· 
tricn! transformer or inductiou coil 1'. 'fhe 
primary coil T' of this trnnsformer, is included 
in tho cireu it 13. The nlternat ions of en rront 

s in the circuit 13 tend to esltlblish in theit· pas· 
Mgo through tho coils C, n l>Olnrity lit right 
1\oglcs to tbnt sot up by tho coils D, nod if 
tho cnrront6 iu the two sot~ of coils ac~ordctl 
in thoir phase-~. no rotnry ol!ect would bo pro· 

10 <lllced. Rut the Mcondary current de,·elopecl 
in tho coH P' of tho trl\ns!orm~r, willing be:>· 
hintl that in tho primary which lng or rc. 
tr.rdation may be !ncrcnsed ns I bnvo shown 
in .1m other P.ppliclltioo, to-a sufllciont extent 

t 5 to pr?.ctie!'.lly obtain t.ho same result ns though 
two independent aHomllting cnrronts were 
used to euer~:izo t ho motor. · 

In Fig,2 !l:o tl'7o onergi~iog circuits of the 
motor nrc shown cc·:JIH:ctc<l . irr multiplo arc 

· c. to the circuit ll !l, nud in o:w of those circuits 
is a resistAnce R Assumior; .the two motor 
circuits to bn\'O t ho samo eolf induction nnd 
'osistnoco no r.:>t11ry ufrcct ~rill bo produced 
t.y tho pnss~ge th~ough them or 1\ll nlterno.t!nlt 

'5 currant from t!:o sour<:c A. 13ut if oooot the 
~lOt Or Circuits, M C; be vnricd or mooiflod by 
th11 introductiQn of n dead re~istnnco R, th<l 
~clf-induotion· of thrit circuit or brar.oh is ro· 
duced; and" t.!Hl pl:1t~cs of current therein re· 

, , larded to 11 corrcspc::dingly l~s ox tout. Tho 
r6lativc dcgrm ef rctnrdation of tho ph!18oa 
of the cnrront. ln. 11\o two motor cireuits wlth 
resptct to those of tho unret.~rdod torrent In 
the circuit B tbt!S produced, will set up 11 ro-

35 Ulti<>n. o! tho motor which mny bo prActiCIIlly 
utiliwd Cor many purposos. 

In Fig. 3, thom·rAng-cruent of tho parts is 
nimil~<r to thut shown in Fig. 2, except that n 
sol!-lnqnctioncoili\SS is.lntrodocod into ono 

~o branch or energizing circ~lt ot tho motor. 
The effcct.o! tbu~ iucroasing t bo oolf-indu~
tion in ono o! tho cirouita ls ·to retard the 
phas\!.9 of tho currant pllBillna therein to a 

greater e~tont than in the otboT circuit, and 
In this way to socnre tho neccll!U\ry c.lifTeronce 45 
in phaso iJ~twoen tho two cn~r~:izing currents 
to produce tho rotation or the motor. 

In >1n spplication fil~d. of ovnn dato hero
with, I h11vo shown and described other ways 
of nocornplishing this result, nmong which so 
runy bo noted thoilltrorltlCtion of n rcsistnnco 
cnpnbl<> of 1·ariatioi• iu cnch tuotor circuit, or 
the uso of a r~sistnnco iu ono circuit. nnd n 
solf-induction coil in tho othor. 

In tho nbovo c.lcscri))tion I hnvo referred ss 
JOi\ioly to motors with two ooorgizing circuits, 
but it is "''idont thnt tho iuvontion llpplies 
equally to those in which there ar<i morethnn 
tlvo of such circuits, tho adaptation oi tho 
same being n mnttcr well understood by thoso 6o 
skilled in tho art. 

I do not cluim in this application tho spo· 
cifiC deviceS employod by 1110 in Cl\rrying ont 
tho invention, hn\·ing made these the sub-
jects of otb~r npplications. 6~ 

Wbat I flnirn heroin is-
1. Tho motho1\ of operating •notors hnviug 

indepondont onor;;ir.ing cirenits, as heroin set 
fru·tb, wh!ch consists In pnssiog altcrnatlntt 
curroota t!.u-ough bo~ho! tho Mid circuits and 70 
retarding tbe phnses of tho currant in ono 
cireuit to a greater or l~>ss o~tont thnn in tho 
oth~r. 

2. The mstbod o( operating motors h&v!ng 
ludopeodcntonerg!zjngolrcnlta, as hcroht sot 75 
forth, which conslsL1 iu dirocting an ~ltornat
ing curront!rom o einglo source throu~h both 
cl~.nitd of tho motor and varying or modlfy
ioR' tb.o ralllth·o reslstnnceorsolf-iailuctioa of 
the motor circuits nnd thoroby pr<>du.cios in So 
tho current8 diiTorencce of phll.!lo, asSN forth. 

NIKOLA TEIH.II .. 
Witnesses: 

FIUNJ> R HAI\TLZY, 
FRANK B. Mtn~!'J:Y. 
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UNITED STATES PATENT 0FFICEo 

~I!>OLA TESLA. OF NEW YORK, N Y., ASSH:NOR TO THE TESI.A ELECTRIC 
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------
SPECIFICATION forming part of Lottere Patent No. G 11,660, d~tcd P•ce>nber 26. 180:.S. 

&p,Hu.tlol:l tl~d Dtce:t.btr 8. L888. 8c:•i , l No.203.0~2. tllo oOI!tl.• 

To all whom it may co~tce/"1<. o1· 1M.~ oxte.11 t thAn in the other. "l'hn <lis tn· 
Bo it knO\,·u thnt J, )\!IKOL.;\ T£SL:\ , a snh· hnliOIIO( thcmxinot·orig int\l tUt't'cnt thi'Oil)!h 

jcctof the ftlllpfi"<H"O f AII Stria-ll ung:try, from tho two motor circui ts may lie rctcc tc•l by III· 
:; ,P.iljnn,J.ikA,bor<lcrco"nt i"Jiof Aus:ria·IIUII· I <luction 111· by <lcri,·nt iou. In <>ther word,, I ~~ 

.S g::u·y, rc.~ it!ing at :Xcw York. in the (".()Uoty mny p!\~ tho nltcrnnt iu~ cmTcnt rro111 1ho 
31H.1 St!\1(\ or }\(\\t' York. ha\"0 iO\'Cnted c.:cr· ~oureo through 000 cncrgizin~ carcuit, anti Ill• 

t:,in now :uul useful lmpro\·cmeuts in Sy:s· \lncu hy ~uc;.h ctu·•·ent a. S('coru.l c:uneul inlhc 
tents of Elcx:tl·ic:\1 Po,~cr T r:lnSmiss:on. uf otht::r cnorg•zmg: circuit. Or, on tho othor 

. •,;;fdch thu fullowiu:; is :t ~pccifi~:lt ;on, rcfo•·· lmncl, 1 m~y con nect np tho t"·o cncr~i1.inl: (. 0 
,o cr:ce bciog h:al lO t.hc t.hawin~~s :u:<.:otup;wy- ci l'CUit s or the IUOlOr ill ~tcrh·:uion or IIHIIti· 

· i:1~ an<l form in;; a. part of tho samo. plo arc willt tho mni11 c11·cuit fr·om Lhosou r<~c . 
• In cortA in patent$ hcre1oforo ;;ran tt:J , l htwo In ci 1 hor t\'C u t I mn '' u d H<' pru\'tsiou for maiu· 
~bown .'\od <.h~s\!rillc•l n. sy!'itcm of olcc lrical tninin;.:- ltdin·ca·Hn(~cof phase between ti10CU t'· 
power trt.:J3mission in which onch motot con· rent~ in tho two circ n:1s Cll' lJ•·auchl!s. 6s 

, 5 t~iMd two or rnol"o i11dopcndent .onerg; ~i ng !11 nn npplicAtiou flied by m~ ~lay 15, l SS~. 
cil·cuits tLrough whioh wc>·o C<lnscd to pass 'Sori>d Ko. 273,093, I ha vcslwwua n•l.lcscribn•l 
alternAt ihg cnncnh havi l)g in each circuit the tiiCnns whi ch I h;\\'e eu\ (ll~•yctl for sceu 1· 
:;uch d iUcrt'nco of phase that Uy their com· inz llds result Uy i nducinz ono cntl'~ i ;.: i rJ ;; 
1Ji11e!l or resultant action they pt·o<lucc<l a ro · current from tho othc,. "' 

.!o :ary IH'Og-r~ssivnof thopolesorpoints o f max· My prc.son tnpplicf"l t.lon rclatw~ to th o w A:w :" 
irr.u:t: ml'gnoticcf!cctof tho motorRnd there· omployctl whc:m lhc two e:ncr:,:i~i n~ cn rrout~ 
t:y rn:'lintrdnP.t.l t ho rotation of its Ulovnblt) n.ro obtnint.'tl frQm :1. !'!ugto ori:;innl scnrec Uy 
element. l u tho ~ystem rcfnrrcu to au<l <lo- <lorh·ntion. 
sct'il>c<l in tho sni<l pl\t.ents t~>o prod uction or In ox r>lannt ion of wh:t~ np!lC.~rs to llo the IS 

zs {!<:UCrlHiou of t.llo a lternating curronts, upon prineiplo of lhc O(:terRlian of wy iO\'Out•on 
the combiuc<l or rc$ultan t effect of which the nnd of tho functions of tho sovcrsl instr~· 
opc>·,,tion of the systezo <lcpcnus, !s effected mootnlities comprised t bereby, lo~ i ~ bo M· 
by tho oo>ploymont or :\11 nlteroatin~curront s uruod thn~ the ll<o oner;:iziol,; circui;~ of ,,.1 
··~ncr:l.tor with inc.l<"f)Cndcut. inducetl circuits nltCl'nAting current. motll r, such, for ~xnmple-, 8c. 

J<> ~·!iich, by ro:t~ou of the winding o 1·.otbor con- ns I bnvo <IGSC>·il>ed in my P<llOilL l\'o. aS2,ZSO, 
stt·uc tion of tho ;;cnorntor, proth>cescui"L'Ont.S <lato<l M~y 1, ISSB,.nre cvnn~.ctc<l up in tlt•rt· 
,litTeri ng in pha,c, nnd th<>So cu rroutsnrocoo· vAt ion or multiple arc Wtth the conuuctor~ 

. ,·~yod directly from the geoorntor to tho co•·· ot 11 ci rc uit includ ing nn a ltoroatiu:.: c urront 
: rc!•pondiug mowr coils by independent lines gono1·ntnr. lt is oJ;,· iouHhl\~ir both c ircuits ~S 

15 o•· ci rcu its. I hii\'C, however, tliscovercu thAt n•·o aliko and octor the $111110 resistance to tho 
1 may pr"duco t ho S:>mo or t. s imilar result pasM;::o of tho cn rront no rot>II'Y c!TccL will be 
by an nltMu•\t i o;:: cu rrGn t from n si oglo ori~i· prud need, rot· >til hoo:;h tha perious <Jf tho Clll"· 
11al ~on reo \ISing botwcon tho generator aud ronts in both circuits will lag or bo retar:.lotl 
we tors bu t ouo lice or transmis~ion circuit. to n ccrtniu extent with rospect to nn un· 9o 

, 0 Bro~dly s tated, th is system or >ootbod in· rotMdod cnrrent from tho main circuit, their 
'"oh·cs a sou rce or llltoruntiug or equi~nlent phaso.' will coincide. If, however, tho coils 
currcot8, a s1oglo trnnsmissioo circuit, n roo· o£ ouo eireui t h:\vo :\greater numbet or coo· 
tor luwin:; iodopcndent energizing circu its \"Qiutionsnround the cores, or n solt iu<lnction 
coooectc<l with or adaptod for connection coil bo includc<l iu ou.o of tho circuits, tho 9s 

45 1rith tb c trttosmissioo e ircui!, mea us fo>· ron· phnsoo of tho cnrron~ in llm~ oii'Cuit aro rc
<lorio~; thu ma::uotic efiec:s duu to tho coer· tnr<l~d by tb(' increased self induction. Tho 
::•r.i n ~ cir~'"'"~ of dictorcut phase, ;w<l nn nr· clogrcu of >'otnruntion ro>ly rclidily bo socur~d 
m:WJ~() within tho inOnenco of tho oncr~:i~· by thoso mcnn~ <\"bicb wi:l prounco tho dif· 

. io:; cirrniLS; thon:oans foraccomplishingthis f orooco in .olcctric.~l phaso hotwr<lu tho t-\70 10<• 
;o rr.~u !t boing O( s uch n o!lluro ns to I"E'.LArd tho cnrrlllltS ncCC>!S:try for tho practi~al <>pcrnr ion 

. ' . Cl,.TCUt ill Ql)l) O!lOrgi>.ing circnit to a ~r~ntOr O[ IOO <nOtOr. ff i n !iQU Of inCt"C:\Sin g th<: 
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!'>elf iutluctivu or OIIC circ~lit n ~c.•u.l rcsist.4 1 <:ICU~Y or. tho lnCILor. Assuming tho two Ill()· 
:.nee bo in~crtcd, the self •nduchon of such tor c.rcmt~ to h:we t.l•c ~amo uegroo of sell 
circuit exert~ a corre:;pondiu::Jy dimioishoo induction nnd rc.~ist.-·mcc no rotary oaect n·ill 70 
eiTect nnd tho pb~scs of tho current flowing bo producotl by tho pa~age tlll·ough tlt~u• of 

5 in th~t branch aro brought more nearly in nn nltcrnnting current f ron1 tho sourco A. 
unison with those of nn unretard~d current But if in one o f tho 1notor cil·~uils, as D, a 
from tho mnin lino nnd tho uecess~<ry rli!Te•·- <lead rcsislnn~c represented by R bo intrO· 
en co of pbnso bot ween tho curNnts in the two duccd, th~ solf indnct ion ot t 'o:.t ci•-<:uit or 7; 
cncr"i ti n;: cio·cuita thus socn rcd. I take nd- branch is rcducc<l a nd the ph ,tscs of Ntrront 

•o ,-antogo of thc~o results in so,·oral wnys. !heroin rct:mlcd to " CO<TtSpondi n::ly less 
For exnm('lc, I may insort vari;\\llQ resi~t- cxt~nt. .Tho rclati\'(\ <lc;:rccs or l'ctanlnt iou 
nnccs in both brnnchcs or energizing cir~uit$ or tho phn~es or tho cu•-rctit ; ,, tho t wo motor 
nnd by \'arying one or tho other sons to bring cir~uits with rcs(lcCt to those of au unrc tnrclc<l So 
tho pl•nsos of tho two currents more ot· le~ in c urt'OIIt fo·om tho circuit B thus prolluccrl will 

, 5 unison with those or the no retarded ~urrcut, set up 1\ rotAtion of tho motor which may bo 
I mny tl.ous <nry the direction of tho rotation prnctically utilizeil for mnuy purposes. 
Clf the motor. In lieu t>f resistances J mxy Ir, ns in Fi;:. 2, n dend resistance It, It' be 
employ vnriable self induction coils, ill both introduced into each motor eire~ it, no rotnry Ss 
circuits. Oa· I mny use a resistaoco in ono eaect will l>o produced as lou:: as tbo resist- · 

:o and a self induction coil in tho other nu<l ,·nry nocc.q are equal, but by mrying tho resist· 
either or both. 'J'bis system or ole.'loS or op- aoco in one cir<:uit t he retnnllltion of tho cur
crating LIIO motors is rendered of great prRc· rent in th:\1 circuit wiilbo \'Mied, and corrc
tical \'nluo

1
by cm(lloyin:; nn armature wound spon<ling ofrccts (lrouucc<l. !'or exnonpl~, a 90 

with cnea·giZingcoilsclo~cd upon themsolvcs, roduction of thor<'sistanco iu ono.circnit im-
,. in" lair. Ia currents a rc ioduccd hy tho altor- pnrts to t he motot· rotation iJJ OnQ dirt;:tiorl 
·' n:tti n:; currents passing in tho field coils that whilo n reduction of tlle rcsistnnco in tloo 

~en·c to :;rcntly incro:J.Se the onnt unl flttmct· othor circuit will produ~o n rOtKtion in tho 
i,·o cO'cct between Llac~<ru~:nurc nnd tl:o field ,oppos ite d irection. By means nf tho t ••o J'O· ~S 
mngnt:t ~. This uso of thc nrma.t uro wit~ sistA-nccs, tl1crofot·e, ca(lnbJo ·or varintion o t· 

JO closed 'coils I regard ns nn im(lorti\Ot feat ure of bei ng bodily withdrawn f~om o•· inserto4 
or my io,·ontion. 'l'hcso sever;\! features of in .tho circu its by n ny well known menns, :i' 
the iu \' cution I sbnllnowllescribcmoro in de· pcrfoct rcgulution of tho motot'S is socurod. 
ta il lly reference to tho 1\ccompauyin;; draw- In Fig. 3 tho arrangement of nllthe (lnrts J<o 
in;:•. is simi lar to that showh in. Fig. 1 cxc-.pt tbnt 

J5 fi;;urc I is n di_al!mm - of t~c. syst_C'ln in a self induction coi! ~ S . is i~Jtroclttce<l ill tO 
which tho motor cotls or enorgtztng eucu tts one br:\neh or oncr~1ztng: c trem t of tho mn.tol·. 
1\rP in derivation tO tho main li ne \~ilh n UCild 'J'he cfrcct of lhns iocreasing tho'Stlr inciUC· 
r~'istnnco inBcrtcd in one circuiL Fig. 2 is lion in one of the circuits is .to ret:\rtl lho tu~ 
n diaoram showin~ d~ul rc.sisLAncCs iu both ph:\SCS oC tho current p:t...<:..->ing thor~iu to f\ 

,co lllotor ci,euits. Fig. 3 is a. diagraua sholl'ing grcMcr extent than in tho other ei~"<:niL nnd 
~ self induction coil iu ono motor circuit. in thiswnr to sccuro cho necoss~ry <liJTcrc:oco 
}o'j~ • .; is n. di:~gram showing a <lea <.I rc~istn.nco in phn!lo bot ween the t.wo energizing cunonts' 
in ooocil'\:ni c nnd n self iudnction coil in tho to produco tho rotation or tho motor. ''" 
other. Fi::. ~in like m~n·norsbw~a self. in- In Fig.·! n self induction coilS is include(] 

~s duct ion coil in cneh motor circuit. F ig. G is iu ouo or che m()[oJ·circuitsnuu a <lend resist
a <lingmut s ho":' iu:; tho two llloto.r drcuitsof llliCc_Jt i." the other .. 'J'h() iuc•·cascrl tiClf in
diuoren t clcetracnl char11ctcr. Fr;,:. 7 rs n d 1n- cl uct•on '" ono caremt thliS produced acts to 
" I'll Ill illuStrntin:; mean~. for \'My in;,: at will increase til e difrcrcneo Of phase VC(\\'OQI\ t !J o • 1 ~ 
l'J.o clec trlcnl chnrne.tc rof thomotol'<:i<·cuits. curre nt in sncb motor cio·ct~i t :111<l the lllll'O· 

so Heferring to I,.ig.l , A •lcsignntcs n '"itrahlc tnnlcd c tu·•·erll in tho mnin lin e 1). On tl<c 
source of niternatiug- ~,;,a·cnts nn<l B J; tbc othet· hnn<l, th(l iutrcduction of the <lend re -
line. win•s running tiH.:J·dn•m. Jt will be Ull· :-; iManco in tho oth er 1notor cHc:uit a·o<luec~1 tho 
clcrbtood t..hal tlu:t~CJt~l':\tO•· J\ may Uc a pd· I'Cial·tlation anc1 bt• i tt;::~ the pha!ic~ of u~ccur· rzo 
mary or scc~ndnrr ;:cucrHor, :tnu the line I: rent thc1·t:in more closely i!l>ncconl witlr t hose 

ss U may bo tho m:tin trnusmi~~ion circuit or n or tho uurctnrdetl cnrrcut, thus produciaq n 
local ci~"<:nit from n transformer connected corrc~poudingly greater difl'ercucc of ph~>e 
nt any point io tho lino of n main or trans- b<ltw~cn tho two currents ill .the cnor:!•izin" 
missioo cil-<:uil For convenience in this circuit$ C nnd D - "' " .,5 
case, it '<ill be cousidcred as n litie frOlU n In Fit:. ~. t\~O sci[ inuuction' coils S, S' aro 

6c gi,·en ~ua·ce: of curt•ent toone or moro motol'~. shO\fl>, •mo in each motor m· cno1·~~iziu,., ci r· 
'J'l1C mOl':•· contain' R given numl>e•· of pole cuit. 011ooC thcsocoils asS' is mu~h su~nllor 
vicccs "'' uuu '<ith t\<o 'ets of coils C nnd D. tbnn the ot~er anti hns less self induction or 
The nrmnturc is " 'onnd "'ith pe.r.r.1nnoutly co:~nt~•· olcctro moth·e forco thnn the other, 'J" 
clos~<l cncrr,izing coils E iu 'vhich curronts ~o that the phnscs of current will bo rc tnl'llc<l 

~ S ur~ de,·cll)ped by indueti,·e actiou when tho to c. l cs~ extent thnn in r.he oth ~r. Tbo two 
motor is in operation whi()h magnE-tize the eelC in<luct ion coils may be of tho s nmo cbnr· 
nrmntu ro core end grcMiy locreRSe the em- Aotor or ~lzc if It Is desired tn uso hut ono nt 



P-186 

611.500 3 

:\ timo fur tho purpose of n·vcrsin:._: tho motor, mc:Lns for rcndcrins tho m:t;:ne-r ic otrocts duo 
or i( they IJe conMn:cted in wolll;nown w:tys to !.'\id encr;:iziog circuits or different phi\So 
so lliM tb-.y m~y be v~riod. nod nn ~rmMnro ttilbio lhoioftueneoor 81\i<l s; 

In Fig. 7 the usu:\1 rne:ms rnr \'ar-yin; tho cner;:izing circuits. 
s I'C!'i,,t:..nee'or s.ctr·intlucr.ion of th'l motor eir· 2. T ho enmhinnlion "Wi tb a son reo or altar· 

ruit~:\t will nrn inclic:l.t~d lJs rhe IO\.'Cr )1 ~lid· nJ\lin:.: current~ and,'\ circuit fJ·om tbo snme, 
in~ U\'Cr n ~erico.; ()( J'C~i!;t :lnce plat\:S, .1nd l>y :\ or n motor ll:win~irulcllOndoot cuor;:::izingcir· 
COI'O ';\ which i:oo ,"\.l:tptc<l to hr mc)\'(ltl in :'\tHl cui I~ couuocterl in doriv:\liou or multiple nrc Ao 
out of tire inUuclion coil~. with tho sniU circuit, tho auotor or oocrtt"itlog 

10 SimiiM rcsnll~ m~y loo ~ccurc•l l•y s uch n circuitsucin~or difTcrcotclcclricnlchAr:ICtor 
coH ... trnction 01' or;;:'lnit.at ion of I he tnotOI' n~ whereby th o o.ltrrnntingcnrrcotsthoreio wi ll 
will yi r Jo tloo II CC<l.'S~ry !]i fTcrC1°("CS or phase. ha\"0 0 difTCI'OOCO or (lhftSO, AS SCI fOrth . 
For oxnmr lr, one set of cncr;:izin;: coils mny ~. Tho cnmbinnlion with n sou reo or nltor· 65 
ho or finer wiro th:\n the othc•·, or hnvo n nntint; currents nnc.I t.L circuit from tbo 81\mo, 

, s g•·cnl ot· n u m her or con \"Olu t ion~. or C:\Ch ci r· or :\ motor bn ving i nUcpontlcnt ooorgizing ci r· 
C\litlll!l}' coutnin the same number of conro- en its cooncetctl in tlcrivn tiou or Clult iploArc 
hlli.>M, hU l CUO!pOSCU 0( dilfCI"CntconduClOr$, with lhO Sl\icl Circuit 3UU O( difToroot :\CliVO 
A~. ror instance, ono of copp<lr, the otbH or rc$iStl\ucc, ns set rorlh. 
t:cr1nn.n !'ih·tw. I hnvo •·eprc$.on t~d lhi~ i n 4. ln nnnlternntingcurrtotmotor.thocom· 

zo Fi:;. 1;, iu which tho coil~(; aro intlkatcd by binMion with field mngnot.s, of indopnndon~ 

70 

closco· line~ 1 hnn coils D. oocr:;itin:: circui\3, Rtlaptod lo bo eoonoelo<l 
ThcrO:\rOulhcr«,,ysor \"1\ryin;:thoret~nln· in mulliplo nrc ttith lh~ eoodnclors or tbo 

l iOII (bJC en lho self induction in tho t\t"O cucr· lioo or .lrAnsruission circuit sud a rosistaoco 75 
;: izi n:; rirruils. Foroxnmpl~.lho motor coils or •cl( ind nct.ion coil in ono or both or tbo 

:s m:\y he :\11 .'\like, hut. thoso or ono encrgitiot; snitl motor circuits, .:\9 sot forth. 
ci t•cn iL con nccto\J in p:tr:'t.lloJ wbilo tho ot hors S. In n.n altcrnnti ngcu rront molor. tbo com· 
MO connccto<l in ~co·icg, or tho connection in uinntionwilb lho ficl<l mngnots orcoroeof In
each cncr~izin:; circuit onny he ~like, but tho tlorcntlcnt cnorgizio;coilsndaptod lObo con' So 
cur.ren ts clircctccl th rough liJcou onoy l>o or noclctl 1n mn ltiplo nrc with tho lino or trnDS• 

;o d ifTcrcnt Sl r<:'ngth, ns '"hen on~ of tho cur- mission ci rcu it, nnd n. variablo resi11tnoco or 
ren ts is surrlio•l from a sou reo of hi;;hcr oloc· soli iotluction cui! iocludcd lu ono or both of 
l ro·rnotivc force. tho motor circuits ~s sol forth. 

In tho nbO\'O description I bavo ro(crrcd G. lnnnnltorunlingcurreotrnotor,tbocom· Bs 
'"~in lyto motors with lwo cnorgi>.ingcircuit.s, binntlou with tho fiold rnl\goot.s or coroe 1\Dd 

JS uul it is cvidont th:\llhe invention nppl ios iodopondout cnorgizint; circuits or di!Toren t 
C<Jll~lly to those in which lhero~rc more thnn nclivo rosistnnco nnd otlnplG<lto boconnocted 
two vr such circuits, tho n<l~pta.tion or th o with tho lino or transmission circui t, of 80 
same hoi no n rnattcr well undcrstoocJ by tboso nruu\turo ''ouml with dosed onorsizi ng coil.s 90 
'killr·l iu tho nrt. or eonduclOMI, ns sot rortb . 

.;o In n~ino 'in the claims t.ho term nc:ti\'O rc· 7. Tbo combinntion or a goooratorot nhor· 
'i~t~noo ~~ ~pplicd lo lho oootor circuits in nntiug curreot.s, n pRir of mains eon"ooetod 
this e.1so, it will bo uu<lerstoo1that tho lorm thoroto, 1\ multiplo circuit tli!Toreotil\l pbnso, 
rdcrs lo tho ~pposin!: or ret.ordiog rorco CX· MUIID electric motor bavio:; ono circuit coo- 9 ' 
istio~ in th~ ci rcuits to tho pnss..geor then!· ncctod d irectly lo s:oicl nonios, a ocl the other · 

~ 5 lernn•inl( eno·ronls. Thus, tho l\<O circuits ci,cnit connected to said u1nios through no 
on~y hn,·o tho snono do11<l rosislancc, but olif· iotorposod oleclro-motivopbnso·cbnnttiogdo· 
feront cl<-~rccs or solf induction. vlcoadaptod to chno;:o tbe tiono poriod or tbo 

What I clai01 M rny i~voolion is- curronls pi\Ssiog- throush it. 
o I. Tho com binntion with n sourco of nllcr· Nll\OLA TESLA. 
~ 119, Ling curront...q, and A circuit from tho :>:lmo, \VItnossos: 
...:· or" !IIOlOr h:\\'ing indepcnclcntoner;:izing cir· FRANK E. II ARTLEY, 
<:0 cuit..• connectcc\ \d tlo tl•o s•id circuit, nn<l FRANK ll. MURPUY. 

' 0 ll i• loc·o·chy Ct'rl ifie<l lhnt in Lettr1.,. PuterH No. 5 11,5GO, srnntcd December 2G, IS!l~ • 
• 

Z . upon thu applic>linn of :<iko!:> :re.,la, uf Now York, N.Y. , Cor an imp,ovemeot io -c 

"' -.,. 
a.. 

c 

• 
'' Sy.Slt'UI~ «J( El~clt'il-al Power 1"rao ~m is:~ion.'' .ao error uppcans in t bo print-ed speci6e.,.· 

Won roc:uidr.g cl'rrli!:tinn, u ronows: lu lice 9-S, page 3, the word$ u aud DO·~ bhu~1U 

uo,-u·it:k<-n m•L; :oml th:<t the ><niu J.cucno Poteat should be read with !.lois correction 
' 

t.lu,:.r~·:n tllat the ~UIU: lD:\.}: conftlrm to the r(•C'Or·cl or the C;\St; i n t.hc Patent Office . ..• 
Si~;n<:<l :ou•! •onl~cl this !ltlo cby of Juur , A. D., I~O:J. 

(9£> L.J F . I. ALLEN, 
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To all whom it m.tly conct,..,_. . • ln carrying out 11•}' prc~rnt inve ntion 1 con. 
Ue ll kut~w u I hAt J. KrKOLA TESt.A. a ~viJ.. ... lrUI.'L 1\ J,!eucrnlor "' : th two . COl lt~ or s~t<tt of 

jee:t o( t.he ~ m JX::l'Or or A ustrla: from Snd ljx n, coi le:. Af'l4J 1\ motor \'Vith corre:s'pon•! i ng ent·rsz it• 
Li~n. l>ordc r coontry or Austrin-JJuugAry , r~· ;, . ~coils ~r !"Ct.:$ of co~L'). Jsy n: .. \tlfl~ ur l\IC'O ss 

s ,;;,lih)! At ~ew York, io tbo county und St"'to li .. ,.,,•ires ono terminn! or f'RCh gcner1'ltJr·coil 
o ( ~ew ) 'ork , have iu\entetJ CirtAin newAnrl Ot &et Of coiJ:~i9 CODO•:Cled toC:HI1) (f':ll\inal Of 
uscfullmJ>ro,ement.<in ~!cthodsof Elcctriral H~ corrcspondinc m<>I.Or·~'<>il c;r •CI of coils, 
r·,.wcr TrAn:-nli~ion, of whic h the folhr··· iflg "bi!e tbo oppo!\ite torrnioalsof t he generator· 
k •• spcc ifi<-ntion, :'Cfl:rcncc he-iog hnd hl th~ ruilil ArC joined tog•thcr I<Ud like"·~· Utoso or 6o 

ro Or..,.wirqj ncC"c.unpnnyin~ and form ing n pArt tho m otor. 
of the """'o. Tv •ll•rt the mvtor 1 csi.Ablish temporl\Tily 

1 hi~ llppli<·'uion i" r.,r t\ specifir rncll,<)(] of nn clect.rtcA' connection botwoen lb(' puints of 
truosm i cti u ~ p o w.t; r ck~t.ric,llly, ~flown htHl <1onnC\t:tiv,., hetwecn th9 coil!<l in th~t!on~rator 
tlr!!c l"il>t·•l in, nntl covered broaaly by the 4nd thosv in tho motOr, so . titnt the tt)'!it.<,m 65 

, ~ c\nhn~r~t.nn (lpplicutioo faletl by m<' Fcbruarr hcco:ncs nn ordiu.llry <1Uublc·eirc uit. gy~t.ctn 
IS. l ~S~ ' . ~-<.) 3()(1,:1~0. it\cnt.icnl with thnt dcscri~d in my pntcnt, 

/\~ i ~ "'"II knnwu, c~rlnin fvnn• O( nllcrn~ot- No. 3~0,41 3, or Octobe r 2, !888, cxcopt thot tho 
\wr-curn.:ut machines hn\·c the propcrt.y, wbcu t:tennrAtor 1\lHl mot()r nro const rue led !u nny • 
co; ,, ccu-·d lu ch·cult wi th an ulterouti11g ·c ur· woll-kuown wny wi th . .1\ stron:;: ~cntlt•nry to 7() 

, o ren t. ;;enert\IOr, (\( r\lllfling P.$ 1-'. moto r in ~YU• 6.)'0Chron(1,(!, \\'hen lJy til is pJn.n or COUPf'C· 
chroois111 llterc'' it h ; Uu t .. \'>' h ile the n.lternnting t io n c ht rnt.·tor hn!>J nc.~ 1\int:d tllO cJcsi re<! ~IJ\•N1, 
tllrroot. will run lbc motor aft~r it hns nr,... tho tnrth · conncct.iou i~ se,·ercd, by wt.tch 
to(ne<l n rAt~ of S[lccd synchronous with t hat mc•II>S the systcw becomes"" ordinary siu gin-
Q( the gtnern:.Or, 1l will nOtsU.rt it.; hen<:~. in circuit synchronizir•g syst<>~n ;< 

'S All iMiftlh"t:» " hcrr torur~ where tbcso "syn- In t ho tlrnwin:; 1 hnve lllasl rnted lht~ 
chro!• it.in~ UHJ1ors:," n..co lhey arc termed, ha,·o mctlwd by 1\ diagrntn. 
been run. ~H•tU mc-s1 ns ha. \·e be<:-n 6mJ:iiO) c<l co T.-e&. G n!J>rr.sont.n.n ordinn.ry nit oa·n:d i ng·c-u r
t~ring tluJ mOIIlr~ Uft ( I) $ynchroni$m with \.ho rcot. s:en~rAlor hnving four ficltl · pol~.~ A, per 
gcncrah1r, ur approxjmutely so. l.u!for o tho tunncnlly cJr nrtificinlly mngucliY.c<.l, nnd 1\n '$o 

30 nlteruAt in;;c urrc:ut ofthcgencrAlor is npplicd :lrma.turo wouud t".-ilh '''0 <:t~ils C conu<.'<.:lcct 
to dri,·c rhcrn. l•• some instaocC;s IOO<'b:tnienl togothcr in sori<'s. 
Apr1 i nnc~s hnvc hcen utilized for this pur· T..ctM r<'pre~cnt.nn 1\l t.erunti ng..cu rrcu t IHO· 
·po;c. In other•• ~pocinl nod complicllted tor wit.h, say, four poles D, the ooils on which 
fonr.• of motor hnvo been cons~ruc!ed . nro coo nocted in pnil"l!und lhopnirsoonllC<ltctl 8s 

1S My prcsentln,·ctltlon is 11n improvcmeub in in ~cries. '!'he mo~or-armntn•·o ~boul<.l hnvo 
•n etholl• or opcrn~i ng thoso motors nod in- polnr projections nud closed coil~ E. 
voh·es a new nn1l i rnpro,·erl plan or bringing From the oommon joint or uu iou hot•.-oen 
the tnvtor Ill• tl\ tho propor re.I.O of speed, thnt t!tc lwl\ coils u r SOUl or coils cf uoth the goo-
it. mny lJ\: run in lil)'nChrooism with the gen. crn.to1· n.ml mot..ot n.n cartlH:Otlf1CCtion Fis c.&- !IO 

40 (\rotor. t.~bliahrd, while tho tor:nina!s or c11ds of tllo 
The ":q•rcs:siun .. .synchrouism with tho ; en· s.n.td coilA or circuits wh i<-h thoy form ,u·t coa· 

crat.or ' ' i• U:JtU h._-..reiu in its o rdinary o.cccpta..- nec t.c<l to tho l iuc-cou<.l tic.tors ll 11 . 
t ion-Lhnt i~ to sny, 1\ n1otor is snid. to syn· A ssumin g thnt lho motor i::t n syuc;•ronitlus; 
ebroni•.e with ~he goncrat.or when it prcscrvrd mot<>r, or one Urnt has tho CApnbilitv or ruu· 95 

•s e oe rt11iu reln tivo dpced detennioed by its uing in syuchroni•m with tho l!l>nerntor but 
number uC votes and the number or &ltornn,.. not of slr.t·ting.it mny b-ost~rt.cd hy thc"b.uv0. 
tious produced per rovolulion of tho gonor- dosct·ibod trlnu by closing the g"'und• •• ooc
otor. lis ~ct unl spocd, lbHcfore, tnay bo tion frorn boLh g"urrnwr nnd motor. Tho 
fast.er or slower than t-bnt of the genorntor, •y6t.cm thus b~'Comos on~ "'itb " two-circui~ , .. 

so bul it i& enitl to h,• syuchrQnous ~o long Mil gcMrrtor ecrl nwi.Or, tho (;11lund forralng" 
preaervce the $.'\1uo relntjvo speod. <:owmou "r<'ltnru for tbc c~rrmtts ln t.hl" two 
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:wires II II. When J,y this llrrnn;;ement of 
elrenlts the motor is urou::M to ·~peed, the 
groond-eonnectinn is l>•·okcn l><'L ween the gcn· 
cr·ator or motor or boLh nntl ground, switches 

s K I( being employed for bhis purpose. The 
motor then runs :tS a s~vnchron izing ooot.Or. 

This system i• capaiJic of various useful up· 
plications which it is not necessary to describe 
10 det~il; but it will ue enough to say thnt t.bo 

10 ~onv••·tiuility of tltc system hom donl.>!o cir
cui~ to single cireniL is n fenturo in it..<elf or 
strtat v~lne and ut.!lity. 

1 do not wish to be nnclerstu<Jd ns confining 
my&elf to tho pre¢iSe nrnngcmont or order of 

15 ooonections berein set Co:t.h, M thcso ml\y oo 
obvlously·varied ib m11ny respects. 

What l claim is-
1. Tbe mot hod of operllt.iu~; synchronizing 

• 

motors herein described, which consists in 
elect ric.~lly connecting i ot~rmediate points ot •• 
the inducing-circuit of the ~ten era tor llnd the 
co Cf!:iti ng-ci rr:n it of the motor until tho motor 
laliS rei\Ch~d n dC)!jired .;peed- and tbcn inter· 
ruptin~ such con nection, ns act' forth. 

2. Til() method herei::> dcscril.>ed ot At.nrtin(: >S 
or opera Hug synchronizing motol'l!, which oon
s ists in electrically connecting intcrmeQiate 
points of I he indacing-<:ircuit of the generator 
11na tho cnorgizing-cm:uil of the motor to 
~arth untjl the motOr hB:I reached the desired JO 
Apeed nod tben ioterruptiog either or botb of 
till' l(round-connect.lons, M set forth. 

Witnesgee: 
NUCOLA. TESLA. 

Eow A.IUJ ·r. RvANll, 
E. c. Ul'STILL 
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NIKOLA 1'ESLA, OF S~fii .. TAN LIKA, AUSTRIA·IIUNGAHY, AS.~TGNOR TO 'CllR 
TESLA ELECTitiC LIGHT AND :I:IAl\UFACTURl:s'G C<ntPANY, OF RAllWA Y, 
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ELECTRIC-ARC LAMP. 

SPDCU'IC.<l:Tl011 forming port of Lettore Potent No. 335,786, dated Fcbroary 9. 1801>. . . . . 

!to all whom it may concern: 
& it known tbnt I, NIKOLA TESLA, of Slllil· 

jl\n Likn, border country of Austria.· Hungary, 
have invented cort.-tin new nnd useful Im· 

s provemcnts in Electrlc·Aro J,amps, of which 
the following Is a. spccificatiou. · . · 

My iovcotiou rclntcs more particnlarly to 
those nrc lamps io which the aeparntion aud 

· feed of the carbon electrodes or thei• cquiva· 
to Ients is aceornplisbed hy means of electro· 

mngu<;ts or solenoids in connection with suit· 
~blo ci;Jtch-mecbnnism; and it is designed to 
re:r.cdy certain faul:..q common t<l t.l1P greate1· 
pnrt of the lamps heretoforo mn<lc. . 

. ~ 'l'hc object~ of my invention :u·e to prcv~~t 
tbe i'requoot vibrations of tho movable clcc· 
trodc and flickering of ~he light arising there· 
from, to preveut the f.~lling into contact of tho 
clectrodC3, to dispense with the dasb·poe, 

:o clock-work, or gearing nml similar devices 
ht:ctofore osc.d, :~od to render tile lamp ex· 
tremely sensitive·, and to feed tbG carbon al
wostimpcrccptibly,aod tllcrcby obtain n very 
steady and uniform light. 

>5 In tbnt class of lamps where the regulation 
of tbe arc is effected by forces acting in oppO· 
sition oo a free movable rod or le1·cr directly 
connected witb tbe· electrode, nil or some of 
th~. fo~ccs being dcpeudent on the strength 

30 of tbecurrent,:my change iu tlleelect.rical con
dition of the circuit causes a vibmtion anti n 
corresponding Oieker in tbc light. 'l'bis dif· 
iicnlty is most apparent when there m·G only 
a few lamp~ in circuit . 'ro lessen tbis diOi· 

3~ cu!ty; lamps b:wc been constrnel.~d iu t\'hich 
tbo lever or armature, :~rter tho Cot<lblisbing 
of tho arc, ia kept in a fixed position and cau· 
not. vibrate during the feed. operation, the feed 
mechanism nc~iog independently; but in these 

4C lamp~. when a cl11mp is employed, itfreqncntl~ 
occura that the cnrbons come i mo cont.'\C~ aud 
tho light is momentarily extinguished, aud, 
frequently, parts of tbe circuit nrc ioj(trcd. J.o 
both tbesecl!lSSesof l;uups it has been custom· 

45 n:y to uso dash-pot, clock·work, or cqniva· 
lent 'retarding devices; but these are gener
ally nnreliablo and objectioonblc, and iuc1·easc 
the cost of construction. 

l\fy in>untiou ia intended to effect Lhc de· 

sired Ol>JOCtA and to remedy the before-men· so 
tioMd dl\fects. I combine two electrO· mag· 
nets-one of low resistance in the maio or 
bmp circuit, nnd thc ·otber of comparatively 
b1gn resistance inn shunt nronod the uc-n 
movable · armature -lever, and n novel fec4 5-S 
mechanism, tho parts beil'g arranfcd so th~t 
in the normal working position o the ar1nn· 
ture·lever th~ same is kept almost rigi<lly io 
ono positio:~, .and is not P.fiected even by. con· 
siderablo changes in the electric circuit; but 6o 
if t·ho ca1·bons f.nll into contact the armaturo 
will be actuated by tho mnzncts so :tS t:o move 
the lever and start the : •• c, nnd hold the car· 
boas nnt il the nrc leugtl)eno and tbc arrua.. 
ture-lcvcr returns to tbe normal position. 6 
A.ae~· this tho c:trboo-rod holder is released by 
tho action o'f the feed mechanism,so as to feed 
the CArbon nod re.<torc the nrc to its normnl · 
leor,th. 

My hn·cntion consists, mn.i.1tly, in the par. 70 
tfcular manner In which t.hc armatnrc is com· 
bined with· tho magnets nod aeto.d upon by 
them and in the fee<l·eontrolliug mcchnuism. 

Iu the drawings, Figuro 1 is :m eleration of 
the mechaitism 'made usc of in the electric 7S 
lamp. Fig. 2 is a plan view of tbe Rame be· 
low the line x z. Pig. 3 is an elevation of tho 
balnncing lever atHI spring, :tnd Fig. 4 ie :\de· 
tacl!ed .plaa view of the polc·pieces and ·arma· 
tMCS upon tbe.friction·elnmp, nud Fig. 5 is a So 
section of the elamping-tnbc. 

l\1 is n helix of coarse wire in a circuit from 
the lowcr-cal'l>On holder to thr. negali\'O bind· 
ing·scrcw -. 

N is a heli:t of fine wh·c in :1 shunt pctwcco 8~ 
the positive bituling·Rcrc'' + aud th" pegativc 

·binding-screw -. ~'he upper-carbon holder 
S is a parallel .rod $litling through the plates 
S' S' or tho frame of the lamp, ~nd hence the 
electric current passes ft·om the posith·o ·bind· 90 
ing·post + t.broogh thO platl\ S', C:J.l'UOU· 
l1oltler S, nod upper carboit to the lower car· 
bon, and thence by tile holtlet· :101d n metallic 
connect ion to the helix M. 

'l'hc carbou·holdcrs are of any ~eslre<ll:l)ar· 9.' 
nctcr, and to iu~urc elect ric cot;~ucctions . tho 
springs l a.rc made usc. of to grasp the upper·. 
carbon hol<ling rod$, but to aHo-:r the rod t9 
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t lide fredy through the ~~am e. Tbcsesprlngs tbe coro M'. Ir, now, the nrc becomes too 
l "'"Y be :uljusted ;, their p~oro by tbe long, the current tbrongh th e helix ~[ is lees· 
screw "'• und the spring l rnny be sustained seoctl , nod the mngaeLism of the coro N' is in· 
tiJX'tl nny ~uit:.blc support. I hav6 ~howo creased hy tbegreatcr corrcoqil\SSill!;throogh 70 

5 lhCUI "~ coun•·ct<:d witl> the urrcr end of tbe tbc shunt, and th is core N' attrnetiog l·he seg· 
con: o r the ' "":;n<:t N. • mental nrmatnre Y lessens tl•o hold of tb6 ,,, . .,,,,.1 <he •·~rbon·holdiug rodS, bet.wecn i (:l:uup It upon the ro<IS,nllowinc tbo Iutt-er to 
tlu· plutu: ~· S'. th•• rt: i•otubc, R, which forms . ~lldc and losscn the length of the arc, whiel• 
:. c!:unr. '!'hi• tub~ is conoterborcd, as sceo instantly rcstoro, the m~l:nctic eqnil ibriUIJl 7~ 

<O iu 1.!11: ~<·<:liOn Fig. :;, so thnt it bcarsnpon the and CI\USCS tho clamp R to hold U1e Cod S. H 
~od ~ ~~•tsnpp~r end and nenrlbc ml<l<llc, nod it happens ~ba~ tho c:uhons full into cont.;)ct, 
at the lower end uf this tubnll\r cl:!o1Dp lt thore then tho rongoeLism of N' i.~ l<:s.-.ned 110 much 
~r··~nuatore·I\Cg:oeotsro! go!l. iron. A fmme ~hat the ottraetion or the magnet !It ..;n be 
o: '"'"• n, cxte11d10g, prcfcrnbly. from tbocoro snffieieot \0 movo the armatn re a aut!. l~vcr A ~0 

1 5 N', ~ upporl;l; the lever 1!.. by B fulerom ·pin, o. so tbat tho nrmaturo b pa'<'II'S abovo th e no r· 
,'l'bls level' A ba.s a hole, tbrougb which tbo mai"Positioo, so as to s~paratc the c11rbon~ io · 
uvper ond oftbe tobulor claoop R pMSos freely, stantly; but when the carbons bora away a 
and from the !J)vcr A is n link , q, to tho lovor greM.cr nmnant of eurront will pns.~ through 
1, which lever is pivotoo at y ton ring upon t.he Abunt llntll the attraction of tho core N' s5 

•o 000 Of tho eolumoa s•. Tbi~ lever t bas !lU will o'·ercomo the attrnctiooof tbo coro ~f and 
opening or h(>w surrounding tho tubular cl~mp ))ring tho orruntu rQ·Icrcl' A ngnin into t.hc nor· 
R. ()ad thorc are pin$ or-pivotal conn~>ctions Clal boritootal position,ond tbis occurs bcforo 
w between tile le,•er t aod this C:oiDp R, nod ~be feed can take plneo. Tbe segmental orma· 
a aprtog, r', Aervcs to support. or au speed the toro piecas r a ro shown 3.q nCRrly oemicircnlar. 9' 

: 5 wclgb~ or the varts a od balAnce the aame, or Tbcy· may be sqoarc or or ooy ' other dc:oirca 
nc:~rl)' so. Th is ~pri ng Is preferably adjust· I' shapE', t.be oads of the pclo·piccet~ M' N' being 

• 11ble. Ulntle to corrcepoud in ahnpo. 
4t one cud of tloe lever A Is o.soft I roo arena· J clnioo M my iovcntion-

toru block, a, O\'Cr tbe coro b1' of tho helix 1. Tl, ccombioatloo, in:.o electrlc-nrcl:>mp, 95 
JO M, nut! there is pre(erahly n liloltiug·scrcw, c, of the elootro· magocLS In th~ main •pd shunt 

pMSiog through thisnro>aturc -block a, noel nt eircuitll, rel\poctively, an nrmnturt· l~ver and 
the other en <I of th~ lever A is a soft· iron nrma·. connection to tbc movable carbon holder, tl•c 
tufe - ~lock, ~.with tile cull t.operiug or w~dgo. core of ~llo tibuut mngncL p;tSSing ncrOIIS th<! 
shaped. aut.! the snm•' cnmcs closo to and io end of thenrmatnre lover, anbstantially ""set I<><• 

J5 l~ne with the lateral pr<titction • 011 t,hn. core I forth, so ~hattl•o two m~gn~t8 ncr. iu cofljuuc· 
!\ 1

• The lower <'nd:4 o( th& cores !'11 1\' aro t100 on the nrtu3lUre lc\·er 10 mov~ng the r.ar 
made <> ith lat eral projecting J>Oie·piecm M' bon to foriD tbe arc and in oppositiou to <·:.ci> 
?>•, resp.:el ivcly, ami these pcle-picoce aN: ron· otbcr beyond tile nurmal pos1tion of the nrll)a · 
ca ve at their outer co~s. null arc at op rosile· tore· lever, t"'b~tan< iall y u~ ~pecified. 10~ 

4c aides of the a rmature segments rat tbc lower 2. 'rho combi nati on . with tbe cnrhon·hold · 
end of I be tubular claoop R. ors, of ~~·o mngu.,ts. one io tho maiu <•rcui~ 

Tbe operation or these de,· ices is :<3follows: nod tho oll1cr in a shout circuit. ~lid an nr111n· 
Jn rb e cou~ilioo oi ioael.inn tbc upptr carbon tur\!·lcvcr 10 cl•-nw the arc, Rud " (,a•uillt( 
rests upon the !ower 01ir, nud when tho r.ur- mcchnoiSif' no~ pole · pieces upou tbe tl•·ctro· 1 ' " 

4s rent i• t u1·ocd on the electricity p:\S.~c~ frce.ly, tl'~gocte to act upun the feeding mcchnuism 
by t~c fr:11nc and ~priog I, throu,~:h !!:11 rod S 81 :Jst.:~nt•nl!y as ~p~ci ficd. . 
null l'arbOnij 10 the coaru ~· ire uuJ l•e!ix ~r. 3. 'fbe corubinalion, with tbe cMhon h .. ld· 
nod to the nognti<·e bioding· pO~t V, aod the ers, or two m11gnct.:s, ooe iu tiro r.1ain c~rcuil 
coro M' thereby is energir.cd. Tbn pole· piece an•l tbc other io a ehnot-circuit, :lad on Mm~· 11 ·' 

so M' uttmcts the nrmnture r , ~m.: by tbe lateral tnrc ·levor bctwcec t'<O pOICII or ~ncb electro 
preSIIurc C:lU~$ the clamp fi tO gro.sp tbi: rod · tuagnct9 lO ~rn« lho ore, nnd o fc~ll111g IUCdJ· 
s·. nnd tho Jc,·cr A is eimnll.llncously moved i nn ism nnd pokpi~ccs opoo tire OLIIN lWv 
fron• the po•ition shown by dotted lines, Fig. 1 pol~s or the clectro-magocts to net upon tire 
1, to til e uorrual po~itioo :Jho wn ha full Jine't, h.•e<linlj mc(hanis m, snl>SL:.totlnllyn~ ~ptc!UNL 11lJ 

55 und in so doiogrbe.lio~ qnnd lever 1 are raised, 4. Tllo cou•biootiou , witb tbo rnrbou·bold · 
· li.fUo;; tbo clao•p ·H aod rot.! g, RCJJa rnting the ing rod in nn electric arc 1:\<0P, vf tbe clnwp 

c:.rboosao<l for wing tbc.arc. Tbc magn etism R, leve r t, Sjlriog r', nrrunturo·lcl'~r A,'"" 
of tbc pcle·picce c tcil~s to bold the lever A- eleelro·magnets M N in tho m:1in ond sbnnt 
lovel,or nurly so, tbe· core:N'beln; energized circuits, re~~pectivcly, tbo pnle pir•~•!! ~~· ~', "~ 

6o by tbo em rent in •he sl>nut wl ,'•h ooutaiM nud aro1oturc segu•euts r, subsl.;lutially :\S $Ct 
tbe belix 1'1. In \Iris (lOllition tbc lever A b fortb. 
o ot mo,·c<l t.y nr•hn3ry variation lu the clec· 6. Thccumblantion, wilh the cnrbon hr.ldc:r. 
tric current o~('(•IISc tbearmaturebissLrougly ofo tubular cl nmp eo•·rouod in:: the eMnP., :\n 
attNU:l~tdhytheJn3~nH.ismorc.and c hc.se"("il\rt~ :\r01::Lluro ·lC\'<'r conucct-..'d to snlcl tubu la r 1 .)•""~ 

6~ Qro clo~d l<l ea<"h 'Jtbcr, uud th e uJa.g:nctir.tm vf ch"wlp, o.ud clcct.rv lll·'b rwls in f,h,• tu:d u ~oll 
e 1t(($ et ri~~t. :;.nglcs to tbc w~'gn rtiSill or SIH· nt circuit..,,ress .. ccth·e~y. :\lltl arwatur~·~~ · .:~· 
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' 
mcots upon lbe tubular clarup ndjacco~ to the 
later~! poles of the electro-magnet.s, substan· 
tially as set forth. 

6. In an cle~tric·arc IRmp,thecombinCLLioo, 
5 with 1.oe cnrhon-bolding rod, of a clamp, two 

armatures upon the clamp, nod c\C(;tro·ma{;· 
nNs in tbe . main a-nd sbuot circuits, re· 
sr,ec•ivcly, tho pole~ of which act upon tho 
armatures of tho clntup for bringing the S.'\mc 

mto acUon or relen.siog ie, substantially <I,Ssct ro 
forth. 

Signed by me this 25th dny of March, A. 
.D. lSStS. 

N!KOLA TESLA. 
Witocssee: 

Oro. T. PrNcKro·:Y, 
CITAS. H. SM!TU. 
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To ~<tt whom it may concen.: 
Be it known th3t I, NIKOL" TFSL.!., of Smil· 

jau Like, border eoootry of Austria-Hnopry, 
ha,·e ioveoted certain Improvements in Elcc· 

, tric·Arc IAu:Dps, of which tho follow in& is a 
~peci11catlou. 

In another appiiC3tion, No. 160,574, filed 
by me ~l:lrch 30, 1885, I h:lve shown and de· 
acribed a lamp having two magnets, in tLe 

oo malo nnd shcnt circnit.s, respecti~ely, an ar· 
m~ture·levcr, nod recrl · mech~oism coouected 
tf) tho armature.Jcver. 

My present invention consists in some moui· 
ficatioos or aud improvtrocnl$ upoo the de· 

, s vices sbowo in tbe app lication referred to. 
In roy present invention I further provide 

roeaos for automatically withdrawing a l~>mp 
from tbo·circult, or cutting out the aawe, 
wbco, from a f~iluroor the reed, tllea(c reaches 

10 "" abnorm~>llengtb, aou al~o means for auto· 
moti<:ally relnsertiug such lamp io the circuit 
wbcn tbc rod drops aud the carbons come into 
contact. 

My Invention "'ill be understood with refer· 
:5 cncc to the nccompanying drawings. 

ln tbc drawings, Figure 1 is an elevation or 
the lamp with tbec:ISj! io section·. Fig. 2 is a 
sectional plan at the line z z. Fig: 3 is an 
elevation, 'Partly in section, of tho lamp at 

3o r_ight a ogles to Fig. 1. ll'ig. 4 is a sectional 
• plan at t~o line y y of Fig. 1. Fi&. 5 is a sec· 

tion of the clnm;;>in about full siz.e. Fi&. 6 is 
a detached scct.ioo illnstratin& the eonnectiou 
of the spl'iog to tho lever tbot carries tho pi V· 

~5 ots o r tho clamp, on<l Fig. 7 ie a diagram 
showing the tircuit·cOnnectiOoS Of the lamp. 

In tile dra"·togs, Fig. l, !ri represents tbe 
waiu and N the shunt. magnet, both securely 
fast.eued to the baso A, which, with its side 

4o columos,S S, is prefer:lblycnst in one pieco or 
bross or otbor diowo.goetic TQaterial. To the 
mngoets are soldered or othenrise fastened the 
bri\SS wo.sbersordisks noaa. Similar wash· 
ers, b 1>, of fiber or otlter insulaUng material, 

•S servo 11.> iosulato tbo wires from the brass 
waahens. 

Tbe moguetll M and N are maue very fta~, 
so thl\t tbelr width exceeds three times thei r 
tbickncll8, or ovco wore. In this way n corn· 

so pal'ntl\'ely small' number of convoluMous is 

auffictoot to pl'oduee tho 1·cquired mo.gnetism, 
tx!sidc:~ a grcat.el' surface is offered for coolin& 
off the ttircs. · 

The upper pole· pieces, m n, of the magnets 
are curved, os indicated in tbedrawioi!S, Fig, 55· 
1. Tho lower pole·pleces,rn' r{,arc bronghtoear 
together, l.aperin& toward tbo armatoro g, a.e 
&~own in Figs. 2 nod 4. Tbe object of tbls 
taper is to eoucentrnt.e the grcatcst amount of 
t.be developed magnetism upon the armature, 6o 
and al~o to allow tbe pull to be exerted always 
upon the n>lddle of ~he armat ure g. This 
armature g is a pie% of iron in tho shape of :1 
boll ow cylinder, having on eacb· eido ~ seg· 
meot cut away, the width ofwbicli inequ~l to 65 
the width of the pole-pieces m' n'. 

Tho nrctaturc is soldereu or otberwise rust· 
eocd to tbe clamp ,., wbio.b is formed of u 
brass tube; provided with grippiog·jaws e c; 
Fig. 5. 'l'hese jaws are ares of a circle of tho 70 
di11meter or the rod R, aud are made or come 
bard wct:>.l, preferably of barueued Oerman 
silver. I also mako the,goidcs f f, through 
<rhicb the carllon-bolding rod R $lides, of tho 
same material. This bas the advantage to rc· 75 
duco greaUy the wear and eorrosiou of the 
parl$ccmipg in frictio~al ~.on tact witb the rod, 
wbicb frequently causes trouble. 'l'bejawue 
are fastened to Lbe inside of ~be tuue r, so 
tbat ooe is a little lowet· than tu·e other. The So 
object of this is to proviue a greater opcoiug 
for tbc pn.o:sase of tbe rod wbcu tlle same is· 
released by the clamp. The clamp ,. ill Sll [l· 
ported on llc~r·ior;s.Jo tc, Fi;:s. 1, :laud 5, wblclt 
o.rojust !n tue midulo between tb~jawacc: ISs 
find tbis disposition t.o ue the best. 'l'hc bear· 
iugs to to are carried by a Je,·or, 1, one eud or 
which rcsl.l! UJ!OO. au adjustable support, q;or 
tbe side coluwus, S. the other ~od beiog con· 
ncct~-d by mean~ of t.be link e' to thearmaturo· 90 
lover L. The armature· lever Lis a fiat pi~ 
of iron in Z sbape, having its c~ds curveu 89 
as to correspond to tho form or the upper pole· 
pieces of tbc otagoets :!.1 aou N. lt is bung 
upon the pivots v "• Fig. 2, whicu nre in tho 95 
jaw" of t.be top plate, B. '£his t>late B, witb 
tbo j:\w, is preferably cast in oue l>ieco.auu 
screwed· to tbe side columns, S S, that extend 
up from tho bncc A. To pai·Uy b~f~oco tiro 
ov~rwoigb~ of the >uoviu{; par·ts a epring, 1', 100 
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Figs. 2 aou 6, is fasteccd to Lbe top plate, B, 
nod booked to tile lever 1. 'the hook o le to
ward ouo side of the lever or ben~ a little 
nidcwise., as seen in Fig. 6. By ~his weans a 

5 alight ten<leocy isgiveu t o swiogtiloannata re 
toward the pole-piece,,.. or r.be mai'n magoot. 

'!'be binding -posto K K ' are preferably 
scre,..ed to tha base A. .A.ma nu!Ll switch, for 
short-circuiting the lamp v.·!Jcn the cn•·bons 

'" ore rcutwtd, i• nlso to be f:>St.o.ocd to the b;:.se. 
Tbisawitch is of ort!iunry characte•·, and is oot 
ehowo in t-be d:-;1wings. 

Tho roo n ic elcctric:.lly con~ectcd to r.ho 
latnp·fraroo by mraus of a ilcxible conduct<>r 

15 or othcnri~o. 'fho l~rap-cnso r·ccciv<'6 a re · 
movable ornarucatul COV<;r, 6', arouud tbcs,lme 
to inclose the parts . 

'fuo c!ectricnl counections are M indicated 
dinl(r~roo1otically iu Fig. 7. 

zo Tl:o wire io t-bc mnlo 11lagnetconsi5t.s of two 
p3rts, %" alld p'. Th<>so two pArts may be io 
~wu $Cp0r?.ted coil3 or in one siuglo bcli:c, :i.S 
s~owu in u,c drawings. 'I'hu par~%" IJeiog 
normol!yiu c.rcnit, is, with the flnowiro upoo 

·~ tbc P.!,an~·Jnn:;r:o1., ,.·ouml Bnd tr-.>versed by tho 
eorr\!nL in t:·.e same <!trcction, so as to tcod to 
JI!Od~c~ si1oihll' poles,"" or t a, oo the,cor
rcspcn<lio!; polc - p·lcc~-1 of th e i:l r ~go~t6 1\! &ud 
N. 'fh~ p;;.r~ 1/ is on J)~ iu circuit when ti.J.c 

' o l ~mp i~ cut out. :lnd tl1cn t he current boiugio 
tbc op~·O$it~ direction prodnc<~s iu l.b.e main 
ma:.uct. 1uagat::tism of the oppoeite polnrity. 

'l'!Jc opcr;>tio~: i<. ~ follo,·;s: A~ the sta1·~ tho 
c.,rl>ons a1-c 10 l>e in coataer, aurl the current 

35 ~~~~N f1'(Hll lt:e posit-i\'c billllill~·pO$~ K to the 
!amp·fr:tmc, carhca -!l('.tclcr. OJtpcr dnd lo,,·cr 
cari.>(,O, insula~ed ret!Jrn ·wirc iu one of lbc 
Ei<le rO<la, ac<! fror-:1 there through the part z' 
oi.' the wil·c on tbe Ol:da 1n~gnC't. Ul tho n'·ga· 

•IO Live llin<lin;-post. Upon t ho p~:;sar;o of tbo 
c;uner.t the main mague~. is energized and at· 
t mcte the c!:>.OIJ>!ng-arra~tnrc .?, swivging tbc 
clnmp tt nd Jr.l'ii>Ping t he rod lly means of Loe 
r,rippi u~; -jaws c c. At tllc s:w•o ti me the ·ar-

~5 m3turc-Jevcr L is p\lllcn dowu nnd tho car 
bot•S s~p••·ated. I n puiliog dowo the •rrna· 
tut·o·lc,·cr L 1-hc mai" m3gnct is us.~i~ted by 
the 8UU1Jl·1oagnet. :l, the latter beiug m~g· 
netiud by u1agnctie iotluct ioo from the mag· 

50 net M. 
It wil! be >een tl::tt t he a rma tures L nod 9 

n~o pructi~.ally the keepe11.1 for tho mac nets l\1 
:wd N, nnd· owing to tl1 is fa~t IJot.h mar; m~ts 
with ci tl> cr one cf tbc nro1atu1·cs L anti !J u1:>y 

~5 be coushle1·ct1 as one borsesboe:mngnot, whil:b 
1\'0 might tc>·mu " compouo<lmugact. " Tbe 
wlJo!o of 1-be sort-iron pa1·ta m, m', !J. u', "• nad 
L form a componod magnet. 

Th' carl>ooa befog separated, t!Je fine wire 
6o r~ceh·cA a po~tiou of t-be cu rront. l\ ow, t.ho 

m~gnctlciodnction from thcma:;uct M issut'h 
as to produce opp<>siro polell on the cort-e· 
spor.dmg ends of the mn:;nct N; but the cu r·· 
reo~ trnvc13ing tile helices tends to produce 

6s Giw>lar poles on t he cori'C$Jl0111ling ~ods of 
botb magoet.s, aud t herefore as soor1 as tho Jino 
wire is _ traversed by su f!ici~ot . current . tbe 

mag uetiow of the >vhnlc COn>lJooorl magnet id 
dlminlshcrl, 

With N!garu to the nrrnatarc g IJ.flrl tbe op· · 70 
cratioooft.helnmp, the pole m' may betorc1~d 
as tho "clamping" and t he pl>le ·~· a.Hbc "rQ
I(laning" polo. 

.A.s tho clu·bons burn away, tl:o Hnewh·c rc· 
ccivcs more current ~ud tbe mnsuetl.9nr di· 75 
mioiabea In l)roportion. This eau~es tbc arma· 
ture-levcr ·L to swing nnd tho nrmaturo g to 
descend grnuunUy u nder tbe weight of Ll1n 
moving -part& uotil th e nd p, Fig. 1, strikes 
a §top on tho top plate, B. 'l'he cdjtlst.mcnt is ao 
such tbM whco this tc.kea place tho ro<\ R is 
yot gripped 6eoo rely by the jaws c e. 'l'bo 
further downw&rd moveruoutof the orm~turo·· 
levcr-bciog pre'veuwd, t be arc l>ecorucalonger 
ss the car boos -are ~onsurned, and t!Je com· 65 
ponod mnr:t1ct io weo.kenod more nod moro 
nctil tbo dampiog·nrmaturc 9 rclensca IJ>Il 
hold of tbe,grippiog-ja'>'S ee upon tbo rod n; 
eud tbo rod is allowed to drop e. little. ahor~· 
coing thoa I.!Jc arc. The one wire oow re- <;<> 
ceivi!:g lc.ss.carreot, the ruaguetism iucrca&es, 
nod the roll ie cl:lmpcd a;,:Rio nnd ollghl!y 
raised, if UCl'CSiltlry. This clarupiog and rc· 
leas ins; of tho rod coutinues until r he c~rbous 
3rO coMumerl. In practice tho feed is so seu- 95 
sit-ive that for tho grenWl~ pnrt of t!Jo timetllc 
movcn1cnt or tho rod can no~ bo dctectect with· 
out- some t\Ctual measnrem~ot. L\u1·! ug tho 
normal opcrntion of tbe Jan>]> th~ armatu1·c· 
lever L ·remains statio3aty. or n e~rly so, in 100 
tbe position shown io Fig. 1. 

Should it ~rise tbnt, o•viug to no iU1J>erfec-
tion iu the red, the sarne:.ud tl\c carboud d•·op 
too far, uo as t.o 1oake the nrc too short, or e•·cn 
bring tbc carbons in coata ct, tbcu "very sn1~1l 105 
amount of corrcot passes through the fine wir~, 
nod tl:c compound mogo~t boconll' au(lic;cot· 
ly strong t<> act n~ o n thl) scar~ in •. ulllug the 
armature- lever L do •~ u and separat-ing tbe 
car·bons to a greater rl rst.tocc. . 11<. 

It occurs often in p1·ac~ioo t.hat tbo rod s~icl:s 
iu the go ides. In Lhis case the.a1·c r·caeiJCl!, n 
grcnt fengtb, until it finally b rtni<S. Then the 
lit:h~ goes ont. uurl frequent.ly ~bG tlnc wire is 
injured. To preveo~ socb ao accirleot,! prr,. 1 •; 

vide my lamp " ' itb an r.nt.omat-ic c.~ . out. 
This out out opera:cs na followt: When, upon 
a (ail ore of the f,·cd, the nrc reaellcs a e<:rtaiu 
predetermined length, Slleh nn :imouut of cur · 
re nt ia rliccrte<l tbrollr;ll t bofice wire tha t tile rlo 
polarity or Lhc compou nd wagnct is •·c,·crsctl . 
'l'bc cla.mpi ug: ·lli'Watu rc g i6 nowmo\·cd a;:r:' i out. 
t bc shun~· IUagne~ N uotil itstri kes tho relc~· 
in;:-pole n'. As soon ae tbe coo tact ia cstab· 
lisllcd , tho currcut pllSSCS from thl\ p osith·c 17S 
binding·pOSI· 0 \ 'Cr t-b~ clamp r , Rrmaturc g, 
insul:>.te<.! silunt-rnag!let, ar:d the lJu!ix p' upoa 
lbe m:>.iu magnet~( to t ho ot>g:tti\'O biudiog· 
poot. Iu tbis c"so tbc current po..sscs iu the 
opposite dir-ec-.tioo o.od cbang~.s the polarity of 130 

tile magnet JII, at. lbe eamc time maiot.uioing 
bJ ruar;nr.tie loductioo in tho core of sh~ut· 
ruuguct tho requi red mar; uct-ism witbou~ rc
vcmn! of polnl'it-y, nnd tbe armature 9 rcro:>oius 
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a:;a inYl lhc $!11lool· meguel pole tt'. 'The la1np to I he rll\mp, the 111ain ~""1 Slonrot m>~Ml', 
is lbu.~ cot ont 1\S long 3.S the r~.-1>0:13 arc ~C(>!\· and thcr.·~pccth·c Jl"lcs n i' tbes~m~ 1 ro:11'l uf>O" 
rat.t>d. The c uL·OUt may be \ISC<l i n this f<lrlll the clam pin:; nrmnturc and nrmntlll't• l e vel', 
wilhou~ an;r f.::·th r.r iiii J'rOvcmcnl.i but I p re· l'e5[>CCli l"<:ly, Substautially as set ro>l't.h. 6_;. 

~ fer to arrange it so that if fl1c rou drop~ :1111) 4. In nu elect ric-nrc l:>mp, n cnt ·OUI ' '"'· 
the <'.;\!'bon~ come in r.ontact t.ll c 'u·c is stnrt.,;cl sist ing· or n main m~~·nt-t , .tunr m:"\Ctii'C, ami n 
aP.ain. For this pu rpose I Jli'OpOI'tion there· shunt ·mn;; nr·tkwin:: a n insulated JIOlc · llio:ce, 
&t5Unce Of tho Jl:\rC 71' nud the lllllllbel' or t.hc and the Cllt ·Oilt circuit·C011Uectioo" tlornu:;io 
0liV(ol nl ion~ of t-h~ wia·e upon the n::>in 111~:;· tbc pole piece a"d ao·mature, snh:<l:lllli:olly ,:" ;•> 

,, , net so 1\1M when th~c:u·bonscomc su coul:\CL:'t set. fortlt . 
sufnric,:t nmount.ofcu rrCIIL :.stl i\'CI1 r•t through ii. ln au ck'ei Jic·!\rc h1u1p, llu· c•unhi u.tl iou. 
lbe rarbons a nd tbe p:ut z' to destroy or u~:u· with the c~rbon · hohicr a ncl u•~::m·l!l, £'1. the 
ta·alize ~he mngnctism of the \:Ompcun•t mn~- :H·mntut·cs J,:llHl y . link c', ci:lml\ r, and lf:vcr 
n(tt.. 'I'hC'Il th(; !'ll'lll:1lm·c y, h:wiu~ :\ ~1i~hl t, :1uti rhc t-pring s', fur 1111~: purpose ~t·t rurth. 7) 

a 5 tend ency t-<a approach to tlie chwlj)in;:·pol<• m', ~- In :111 ~:h:c:trk arc lamp, th~ cnmhin~ t ion. 
t·omt~s cutofcontacLwith t.bc rch'a!'in:; p .. 11cn'. with Lwo upt·ight f11:1gnets in tbc n•:tiu :111<1 
·a s ~001.1 ns this hnppcr.s, t he Cllrl'<:ll t th rough shunt. ci 1·~uits; o·c::Jiccth·cl y, h:wing l'n rn·ol 
1hc p:ut p' is in telTtq.Jted, nnd the whole cu r· polc -piccrs 0 11 011c end " '"' conrcr;;IIIJ: JIOie· 
r•1n: paMes t.h nmgh t.he pmt 2·. 'l'l:c m~;;uc·t vic·ccs nn th~ other cud , of a flat Z ·sllapcc.l ~'' 

'Jh M is now t;:rong1y magnctir.cU: tlH~ armatur1· :umature o I<:\'Cl' hc1 ,rccu lite 1.: ll1'\'C~l p!ll<·· 
g is :•ltrn~teu, aucl the rotl clampetl. J\t the pieces nncl a <·lHnaJli:o:;·annatnrc between the 
.~me \.imc. th~ a !o;nat.tn'C· )C\'Cr f~ is pulled .Jo,,·n cOil\'Cl':,:Cnt ·pole ph:CC'S, $11 hSI :'\Ill iafly :\~ o tlc· 
uut. (l( i:s u:.~rm:ti ilCSiticn :uHl the nrcstaa·lt·d, S(.:\'ilJt:tl. 
' " lhis ,,.aov the !am)> cnts itself ont :tutom:tth!· ; . 'fhc comUinatiqn , iu an clc<·h·ir. :\rC l:unp. ~.l 

:·s atl.v whrn tJIC~ ;n·c gr.ts ~o long. :uu! r"t:inscrts of :-tu clcctro·ma;;-n-::l iu the main circ:li t :111d 
H~~<~lf ant<ml:ttically in the ci!·cnic if the <::\r· au 1·lc~1 ro ma~nct in U&c. sh.nnL · circnil,, aw 
loC·nS c.Jrop togcllll)l'. :II'Jll:llurC Ull<lc r the influence of the J>ollts of 

It will he ~ccn tha! the c.ul· uu L may loc modi· t !o"c respect i rc naar;ncts, and ci rcn il · counce· 
lied withont tl~ p:11tin!; from :111c spirit o r my lions counollc<l by snch ann:ot urc lO -cnL ont 9'> 

,;o i nvention , as Jon:; as t he shunt·ICla:;nct cloSt·s or sh unt the la mp, substa ntiall y ns sptcilicol, 
a rircuit inclndinl! a wir~ upo n the wain ma;::· whereby tht: loranch ci rcuit is closed by the 
net. nnd C,luti IIU~S tO keep tl:P. <:On tact clO~I'Il, III:IJ;IICt iS Ill or t lac Sh n Ot· m~gnct-, n 111lt1ocn 1: <:pt 
being no~{!!ICtizctl by ma:; Hctic iucl nctiou r,·um clos<·d })y ionluccd magueti:;tn i'rom the n1aiu 
1 h~ m:iin 111ngoct, lt is also ob,•inns tu s.~y mn::nct, substantially as set. fortll . 9; ·· 

:;::. Lh:lt lht; n1a~net~ ant! ar~unturc!! mtty 1~ or any S. Thcc<.mtUination, wiLh the ca rbon hohlt>r 
desired s.hape. anclrod nil(\ the main and shunt m~:;net~. nr 

J ct:-Lim z.s my iovcntlon- . 1 a fce1.1ing·cla1np, au :'lrmat.tu~ for t.hc saute, 
1. 'J'hc comhiualion. in au nrc lamp, of :t damping rmd r~lc:tsin;:- pol P~ upon tl•C con•:) 

w :dH nud :t. slwnt ln~t~nc.L, an nrmafurc Jcrcr ofll•c rt'SJ>Ccli\'C~lll:l~ncl~. :nul circnii, ·C(luucc· rex. 
-,.;o to clraw l hc arc. n r.l~mp, nnd :1n rmna tu re Lo tions th rnuglo thccl:lm p iug- :u·matnr~.snl>Stan · 

ru!t upon til e cl~r.ap, a c:lnmpi n~ · pole a nd a. tinily as spcci foo~tl, for sh n uti u:; the CIIII'Cnt 
r~lcasi ng-pok upon t-Ile respccth·<l cores , Lhc wucn t he clcclr ic ~ rc l)c1 ween the carlouns be· 
r.'Jr .. ,s, JH•:,;s, <H'Ulat urc-lc\'Cr, aml cl:unp ing:· COHlC.s abnormally )f,ll~, ~n~ta ut int ly ns SN~ 
annal ur~ fvrrui o~ a corn pou nU elc'·~ iO· tnaguct., 10 rllt. 1 rtj 

1' ~.uhstnnt i ~lly ns sc~ fo•·tlJ. 9. 'l'he coouui uat ion, \\ ith the carbun-hol•l · 
:!. The cOullJinat.ion, in au elect de arc lam p, ing roll all(\ a ~lamp for the s.1me, of ~~~ :11· 

(;f a c~rloon -holtlcr n•ul it~ rod, a clanop for m~lurc upon the clam p, a sbunt- ma~:uct tl•e 
~""'' c~rl>On· hololcr, a clnncpi ut;-~rm:tt.u 1-e con. pole or which nets to relca:<e the clamp, :tucl a 
••cttc;u 10 1hc clamp. n compouuil clectro -mn:;· main uaa~uct witb n t"·o·p:ut helix, one 1>01·· aoo 

.~o .. ct. <:outrollih;: the action of tbecl:11npiu~ ar· tion bciug iu the m:~iu circuit ruul the 01bcr 
matiii'C, nud ~lcct'ric-<:i t·cuit connections, sub portion iu ashuutor c ut-ont circuit., the clmnp· 
"""'i~lly n~ sci for th, for l css~nin:; the mng ing nrmat.urc ncLing to close sa id cnt·ont. cir 
ut•tistu o!'thc C•)ru ponucl n1 n~no~ when t.hP. arc <!uit. whcu the nrc llcroJHCS too lout; :u~d to 
in;l wt•t:n t ht• carbons lcns.::Lhcns nud a.ng: mcnt · hrcak the shnnt ·circnitwhcn l he t'.lrtJ•JH~ cutul! '':. 

55 ing th<· ICla!;netism of the same when the arc L<•gctucr, snbstnu tinlly n~ set fort.lo. 
is sho1·tencd, substantially a'.' dcscl'il>ctl. Signctllly me this l ll h dny oC July, A. D. 
,. 3. 'fuc combination, with tuc car!Jon·h\)ld · 1$$5. 
~rs in an elrcll'ic lamp, or :> cla111p "'·onud Nl KOLA 'fF.SLA.. 
~be rocl or t!Jc u pper·carbon holtlc•·, t be clamp· Witnesses: 

~!<> iug-ar111at ure connoctcc.l witlt s~iol cbmp, the -G~;o. '1'. I'INC!;N~Y. 
arruoln re·le~er a:ul connectiou f•·om thcs:un·! W I).LIAM (i. Mon·. 
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NIKOLA :n:Sl.A, OF NEW VORK, N.Y. 

METHOD OF OPERATING ARC LAM PS. 

>~PECI:FICA'I'ION forming- part of Lct<crs Patent No. 447.020, dAted Marth 1<., lll\1'1, 

Aoplint-io:~ !ih:J <X:t.olx.r l, 1890. &riAl No. 3GG.734. Olo r:oodC'U 

To a.Lt whom it '""!I concc.... I or th~!'.~me,.ilh n diagram of lhcl:ircuit-con-
Y.c it. J.:nown that I, NrKOLA TF.SI .. A, :\ ~;uh· iu!ct.ious. F'ig. 3 i_:;; an onlargcd viow, io sido 

jcet or tho Emvcrur or Austria-lluu~:ary. rc· ule,·nlion, or n pal't <•f tho macbino. Fig. 4 is ss 
• iding at New York, lo the county and ::itnlo ""enlarged &eclional dcloil .of tho nrm,.turo 

~or New York,hnvoinvcnled certain new nu<l and field. Fig. 5 is a dotail section of the 
useful Impt-ovcruenls In .M othods of Opern ling field -.nagnols exhibiting the pl~tn of w iudiog. 
At·e Lan1ps, of which lht' follo•ving i~ n gpoci· A is nn Rnnuinr ma;;netic fraUio supported 
ficntion. by lhO CI'OS9·bars or iJrackets IJ, !JrOvided \Vitb 60 

This inveulion consists in on impro\·~d fcot C; upon \Vhich I he mochino r~sts. Tho 
ro tn cthor\ of operntiug electric-arc h\mps which interior ot tho nunulu• A is provided wiUo " 

nrc supr•li~d wilh rthcr·nnting or. pul~1ling largo oumbcr or projectipnsorpolo·picccs D. 
eurrcocs. These mny lJo form~ or applied In :) vnrioty 

Jt'has now bccotno n common J;<aclico to of '~'~'nys-ns, for cxamt>le, by millin:; trnns- 6s 
run are lamp• by alton>ltting nr pulsating as verso groove.'£. 

•S distinguished from conti nuous currents; but Owing to t.ho very largo number nnd small 
11n objoction to such syst9msc~is1s iu lho fnet size of thcpotcsttnd lbespneosbotwccn thom, 
tbl\t lho arcs emit n pr·ono11nced sound, vury· I a pply I he oxcitlng or field coils lJy wind ing 
lng with tbe rote or tho alteruntions or pulsn· no insulated cond11ctor }' zig1.<lg tlu·ough tho Jo 
tions or currcnt,bntun<lcro.nycil·cumslt\llCCR groovC.S,I\S 15hOWU in Fig.5,cnrJ·yiug~\id «>irt~ 

:o constituting an objectionable and disawcc- nroun·d t!JP. nnnul11• to form as many layer,; 
ollie fcnture, for which herctororo uo o!fcctivc ns is desired. In thi~ way t!to pole-pieces D 
remedy has IJccn found or proposed. 'l'his will bo encf~:i7.cd wit.h nltcrnntoly Op[>Osite 
noise is proba.IJlydue to the mpidlyaltornntlng t>Ola.rity nroun•l tho ""tiro ring. 7 5 
heating and cooling nod consequent OX)X\11· For t.lre nrml\turo I <.'rnploy u spirlor or cir· 

'5 siou a.nd contraction of the gnseou9 matter culnr framo G on a dri,·ing-~hnCtll, moun let! 
forming tbo nrc which corresponds with tho in bearings In tho bm"kct;< B. 'I'll is Ppicl<ir· 
p<·riods or imputsos of tbGcurrco t, for I hnvG cnnies a ring J, turned olowu, except nt its 
. uccceded in abating it aud p rodncin:; qul'et, odges, to form n trough lil.;o o·ccopt.ae.lo for n Ho 
nntl smoothlyoj~Cting Jl\mps lJy increasing, per mass of.1looa.unealod 1r011 wirNJ 1!, which nro 

30 emit of tim~, the number of a.lterol\tious or wound in tho gt·oovo to form tho eoro proper· 
pulsations of the cnrront producing tho nrc for tbo arUJnture-coils. l'ius J, aro sot in tho 
10 ~ucb nn extcut that the rate of tho vibr,_. sides of tho riop:J,aod tho coil~ M nrowonn<l 
tiou~ or changes in the nrc producing t be over tho periphery or tho annaturc-Mtrttcturc Ss 
uois~ approxirqRtely cqu;;ls or exceod• llrRI nud around Lbo pins. Tho c•>il" ~I arc con· 

JS whiclJ is generally t'<lg:trdod · ns · the lito it or 110cted together in sories, a.ud t.!o~so terminal~ 
nmlition. For exo mplo, I may uson ~:cnot·nl or N cnrriod t !trough tho hollow shaft II to <.:On· 
which p roduces ten thousand or moro nltc•·· tact-rings P P, from whence tiJ<• cummts nro 
nntionsof current per second. Iusueh a CllS~ Ink en orr by brushes 0. In !lois w~ty a nu•· 9o 
the poriodic:>l he:~ting nnd cooliug of the urc chiuc with "vor·y largo llUnt~c•· or poles ""'l' 

4o would oocurwitb such rl\pidity as 10 produce oo constructed. It is c:isy, for in~lancc, to 
little or no percoptlblo cf{eet upon tho cur. obtain in this mnnner threo hundr,•l and 

'J'bcrc aro a numoor of ways in which the scvonly·Gvo 10 four hUtodr~:d pole' in "ma· 
eu•·rcot may bo varied ~t ~ rato cxcccdin~ chine that may bo safoly driven ut n SJ•<:eol uf •JS 
tho limit of nudition, but prob~bly tho most fiflcen bundrctl or sixteen hnmlr·erl r·cvolu-

4~ pmctlcablc kt.iown to me M prcsont is by tho tious per minuto, which will produco ten 
\ISO of no a lteronting-currcnt generator with thousand or elevon thou s.~nd nltom~tion~ of 
u.. lnrse nu mber or poles, and spocially con· current per second. Arc lamps Jt It nre 
~tructedforthepUrJ?OSO. Sn?hagene:ntor,for showu i11 din~""'.' as_connoct.od up in <cries oo<> 
tho purpose of tbo lllllstratton of tins case, I wttb thomachtoe tn F•g.2. It suehn current 

so .bave shown in t ho nccowpa11yjug dr.1wiogs. be applied to ~unoing :.rc lamps, tho souud 
Figure 1 is n ,-;ow of tbc :::eocrator in sido produced by or io t ho are bocotneapractically 

clcv3tion. Fig. 2 is a vertical cross·•cetioa I iiHHtdible, for by iocrea.sing tho rnto ot cl,nngc 
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in tno corront, and consoquontly tho nnmber 
of vibrations po;r-unit of t-imo of i h·o gnsoou!l 
mAterial or tho arc up to or·ooyond too !boa
sand or oloveo thousand por second, or to 

s wbat iA regarded ns tbo limit of aoditioo , tbo 
sou tid duo to stteh vibrations will not be au· 
dibJ.c. Tbc exact number of chaoges or un· 
dula~ions oeeessa.-y to produce tuis result will 
vary somewhat 11000rdio~ to tbe si•.e ol t be 

10 nrc-that is to &~~y, tho smaller t ho arc the 
~;rea tor tho number of changM .that will bo 

:required to rendor it ioAudiblowithin certain 
Hrni t&. or course, as the nuo or nltc ruatioos 
orunl!ullllioos !or a givoo elullf Arcbecotnet\ 

•s vl)ry l•i:;h thot<Ouod tlr6duoo<l is lea., porc••p· 
t.iblo, nud henco for 80ino pur1>0~08 tho actn:.t 
limit of nudition may only bo nppronchod, 
provided thQ •ouod bo rcntluroll prnetie~~lly 
;11:\Udihl". 

Aoothor advantage i;aiocd lly incrOII:ling ns 20 

abovo sot forth the ourobcr of nl tc ruatioo~ 
is that tbo arc 1\Cta moro liko t.ba~ produced 
by 1\ continuous current, in that It is moro 
poralstcot, owiog.to tho fact thnt tho timo in· 
terval botwoon undulations is 80 small thl.\t ·~ 
tho gasoous n•atter cannot cool down 80 Car 
as to iocroaso very coosidera!>l.)'io rosist.Aoce. 

I c\airu- · 
Tbe method o r abating or rendering inau

dible tho 110und omitted by nrc .lamps sup- 30 
plied with o r opGrl\tcd by iln nlteroating o•· 
puiRa~ing curro)llt hy iocrGnsi"g tho rate or 
sucb 1\lternMions or pul61ltious up to thnt o! 
tho limit or nudilion, ns sol· forth. 

Nll\Ol.J\ TESLA. 
WitnCS.'lOS' 

f'RANJ.: rr. Mt:I\PIJV, 
1 tA I'll A frt. X ~:'t'TEP.. 
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UNITED STATES PATENT OFFICE .. 

NIKOLA TESLI\, OF NEW YORK, N . Y. 

SYSTEM OF ELECTRIC LIO H TINO. 

SPECIFICATION to~ part or Let\ora Pllt.ont No. ,64,622, dai..d I uno 2S, 1801. 

holl••U•• SloH.,o 36, 1891. l!orW li• StM U . Ql.,.odol..i 

To all whom it may concern. 
llu it known that I, Nt!!OLA TESLA, a sub

jocto! tho Ewpot'Ot ot Austrla-lluog"ry, from 
Smiljan, Lika, bordor country of Austria-Hun-

~ gru·y,nnd a r<l8idon t of New York, lo thocoun ty 
null Stnto of New York, hnvo invenr.od certain 
notr and u~ful Improvements in Mot hods of 
1\nd Apparatus for Eteotric Light.Jng, of which 
the following is a speciflea.tion, reference b&-

ro iog hMI to the <lr.:.wings acootnpanying and 
for:ning n part of the same. 

'l'bts invention consi~ts in a novel method 
of noll appMatus for producing light by means 
or electricity. 

's For a better understanding ot tho in von· 
tion it may bo stilted, first, that heretofore I 
havo produced and employed corruntsot very 
high frequency for operating tr~nslntiug de· 
vic.es, such as elect ric lamps, nncl, second, 

>o th!l.t curronta of high potential hMo also been 
prodnl:'l:t and omployed for obtaining !ami· 
r.ous oflect.s, nnd this, in 1\ broAd sons&, rol\y 
ba rogr.rdod for porp~cs of this caso 8S the 
!)rior stat& ot tho art; bot I hli.-o <lie<:overcd 

>s tbat results of thl) most usefol ch11ractor may 
hs ~ccut'e(\ under entirely prnctionble condi
tione by mcnns of olcctric cnrl'('ots in which 
both tho nbovc·d<l8cribcd conditions ot high 
f•·cquouoy 1\od great difference of potential 

;o nro pre~ent. In other word.s,l bavo made the 
ui.scovcry tbnt an eloctricnl current ot 1\n ex
ceesivcly sronll poriod nod very high pote.n· 
tial may be utilized economicnlly and proo· 
licnbly to grentadval\tli:;e for tbe production 

)) orlight. 
It is difficult for me to deft no the csnet lim· 

its of freqneocyaod potentinl within which my 
lti3CO\'Cry is comprised, for the t·esult,s ob
tniucd arc duo to both conjointly; bnt I would 

,.., 1i1<ll:O it cloor tbnt .:.s to tho inferior limits of 
' IJotb, tho lowest freq uoncy no<l potontinl thnt 
l conw•uplnto using nro fn.r ~bovc whnt ht~ye 
ltat'Ctofcro boon rogardod ns prMtienble. As 
an iostnnce ot what I regard P..S· the lowe.st 

<S practic~!lle limits I would. etato that I have 
cbtainetl !uirly good result:! by n frequency 
All low ns llrt&en thousand to twenty tl:ouS«ud 
por second and a potential of c. boot twenty 
tboussnd vella. Both troq_ueuoy 1\nd pote:l· 

so tial c:tl'.)! llJl coormon:.ly,increasod nbo~o thes& 
r.gmo:1, tho pmcticallimits boing t1~tc~lJ'li!lod 
by tho c!>:l.mcLcr or tt.c >\p pnrol~ts r.od its c&· 

pnbilityor standing thestralo. I do not •ncan r 
by tho torm "o~ccssivoly smnll period "Rod 
similnr expressions ·herein to imply thut I ss 
contomplute noy uumbor of pulsntions or vi· 
brl\tions per second npproximutinr: to tho 
number of light-wnves, and this will ruoro 
fully npponr Croro tho <lcscriptiou of tbo U~<· 
tore Of invention which iS h&roiuaflor C<)O • 6o 
taiood. 

Tho carrying o:nl'of this invention &nd· !.Ito 
fall rcaUzntiou ot t'h<> conditions necessary tc · 
tho attainment~ tho desired rosolta in,·olve, 
first, a novel motltod of :>od npparatns fo~ Gs 
prodoeing tho cor~uts or olectriCI\1 otrecla o( 
tho character describoo; socoud, 11 novel 
method of utilizing and applying tho samo 
for tho production of.li~bt, nod, third , n no'lr 
Corm of translating dovtoo or light.-civing nr>· 7~ 
plinnco. Tbooo I shall now dosoribo. 

To produce r.curreut of vory high troquoncy 
aud very high potential, certain woll·known· 
devices may bo carployod. For iust.\nc;i, as · 
tho priarnry sourco or corrout Qr eleotricn! ,, 
energy n continuous-current generator runy • 
ho ueod, tho circuit of which may bo inter
rupted \Vlth oxtrcmo rapidity" by mechnni· 
en! dovicos, or n r:>ngnot<rclcctrlo mt.cbioo 
specl•1lly con~trucled to yield nltoro11tlng cur- So 
rents of v&ry smnll period mu.y be u110d, 1\nd 
in either CMO, should thepotontinl bo too low, 
ao ioduction-cQil may boemployoo to rai$e it; 
o~, 6nnlly, in order toovorcomo tho rooch:mi· 
cnl dimcultics, whicb in such CIISCS uccoroc S0 
practically ineopcrablo baforo tbe best re3ults 
arc rcscbed, the principle of th& dis ruptive 
discharge may be utilized. By mellll3 of this 
latter p)no 'I produce a muuh grontor mte of 
chnngo iu tho current than by thootb&r •no:~n3 9" 
suggested, nnd in iUustmtion of my invention 
I shall cooftoe tho description of tho me~~nsor 
appnrnt11s for producing the cut·t·ont to thi$ 
ptc.u, nlthough I woul<l uot be understood rus 
limiting myself to Its use. Tbo cu1·ront of 9S 
bigh freqooncy, thoreCore, that is nocessary 
to tbe succo:;sful working of 't:ly iovc!ltion I 
pro<luco l>y tbu disrupth·e disol:e.rgo o! tho 
accumulntod ouer:;:y of a. condenser main· 
tained by ohnrcing 51\id coodoilser from n ' " 
sultnblo eource nud disc!lnrging It l 'lto oo 
through 6 circuit under propor rolntions or 
neU·iod uotlon, CAOilCi ty, rcsist.nocc,nud porlod 
in woll ·undoffltoo'<l wnyA., S\loh a lli~cho.rge !~ 
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~uown to b<', under proper coodilious, in\.oer- inLCrmcdi~t.e to t.h2 source of <"nrr{·nt i\nct tht· 
mittunt or oscillating iu elln.ri\Ctor,ncd in this llt;hl-;ivi11g body. For this purpo~ the Nm· 
wny n el'rron t varying in stron;;th at l\1) Oil or· <lootors !:hout(1 bo rroo from projections :HH1 
mou~ly rnpid rate mey l>~ pto<loecd. I lav ing points nn<i woil <:<!V~:~d or co:ttc<l wil!>n 1!/lOd 

S producod iu the u.bove roauncr l\ cnrrCJut of ox· 1n sutut.or. 
70

· 
ccs.~ive frcqnll:tcy, I obtr.in from it by moo~s Tho body w bo N>nt\ere<l lncnnde~rcnt 
of nn induction-coil enormously h lgb pot-au- ab~uld l>o .wl~ctod wlt.h n viow to itn cnpn· 
tin!~-that Is to say, iu tho circuit Uorougb b>hly of wathetf5.>cl ao<; the ACtion to which it 
trbld1 or lcto which tbe dieru~,>ti\'G discharge is Gxposod withoa~ being t·opi<lly dosii'Oyed. lS 

• o of tho coodonsor takes plnco ltnclude the pri· for eomo condnctors will bo much moa·ospccd
mory of n •uit.el>le ioduetio:>-eoil,nod by nsec· ily cons:1med tbl\n others. 
ondarycoilof much longer :lnd liner wirolcon- i now refer to the 1\<;COmp.~nyinz drnwin~s. 
vorl to corrent:l of extremely high potential. in "bich-
Thc dill'ercoccs in the longth of tbe primhry Figure 1 is" dlagrr.rn of one o! tno spcCilll 8o 

•s and scconthry coils in connection with tho n;-rangements that I have employed ir1 ~nr·ry
cnormously r:tpid 1':-.to of cbnngo in tlto pri· inz out rny rliscovery, :md Fig:<. 2 nntl ~ l\I'O 
mary ~urron t yiold 1\ secondary of onorooOM vertical ~cNio:tnl vic\\o of mo<lifln.l forms of 
fa•cqucncy nn<l c:.:cc.s.sivcly high potcntinl. light-givit:g dovkoa thnt I lr11v~ dovi;c<l for 
Such <•un·cuts nro cot, eo fnr ns I am M<M<>, u~~~ witit the syetom. ~s 

20 nvnilnbloforusoin thousuol ,.ny~; but I lun·c I would stato thl\t P., au or tno a:>pna·aw~ 
disrovercti tlr~t if I con)\Cct to either of tho 1 herein ~laown, with the cx<:eption of cN·t.~in 
terminals of t-he serondMy coil or sourco of spccinl for111s of lnmp im·euted loy rnc i~ o•· 
current of high potential the lcndiug·in ITil't'!:l mny bo of well-known constructioi• dntl iu 
of ouch r. dcvico, for e~ll.lllplo, as nn oiui- common uso for other pm·p?ses, I hl\\'11 iauli- 9o 

:s Dl\ry 'incl\n~cscent lamp, tho CJITOO:l may l>c catc<l socb woll-known parts thr.rcfoa· by con· 
brc.ui!ht:., nncltun.intaioeclllt incnndesccnce, ventioonl representations. 
or, 1n gooijm!, th..qt any bocly cnpllblo or con· G 15 the primnry sot .. co of c~rr~ut or clcc
d:ICLint; tho high-tension c~nout <lcscl'ibcd tric:ll CIICrgy. l bl\1'0 explnincu nl>ovo how 
IUl<l p t'Op<l'rly inclosed in n rnrcfi~cl or ex· vnrious f<>•·ms or gcn~rntor might l>o usod fot· 95 

;o hnr!s::Od reccivor mny bo rcndca·c<lluminoos this purpose; but in the present illustrAtion 
o>t' inc~ndcsccot, eitbcr whcu connoctecl di- I P...!!Suano tlulL G is nn a\ltoa·nf\ting-Cul·ront 
t·cctly wlt!l one tarminnl ot the ·secondary gcnerntorof compnrMively low elcc.t.ro-motivo 
sou reo of ~uorgy or plnccd in tbc vicinity of force. Undor $Uch circumstanc~s I rniso tho 
sue!• tcrrninnls so as to be •.ctcd upon induct- potential of tho cmrcnt· loy mOJin~ or nn in· ooo 

lS ivcly. duction-eoil hnl'intr n priannry P nn•l 11 sec· 
Wituout nttemptang n act.:lltC<I cxpt:\oauon oodnry S. Then by tho curront <IOI'vloped in 

o< tho caos-39 to \vhich this phenomenon may this sccondnry I chnr,l:O n condenser C, nutl 
b~ <lS~rib<:d, I deem It suflicion t to' stntothnt, this contlonser I <liecharge thront;b or into n 
1\SSuruing the now ger.ernlly accepted theories circuit A, h:\\'i nt; ;m ni r-gl\p a, or, in gcnol'lll, ros 

4o c! scientists to l>o c~~roet, the cfrcets thus means ro ... ualumioingadisruptivc di,ch!\rj::o. 
produced :wo ett-l'lbutable to moloculur boru· Dy tho 1110nn~ nt;o,·e <lcscril>c<l n ctrncut or 
bnrdment, condeusur nctioo, r.nd electric or onorn1ons frel}nuncy {$produced. My object 
ctboric disturbances. Whntovor pr.rt cnch i3 next to convcat this into n working-circuit 
or 1\ny of these (':>.UsGS tuny piny iu producing or very. hit;h potcntiJ>l, for which pur.poso I 110 

~5 tbo cil'ecte uot~d, it is, bowovor, n fnct ~hat n connect up itl th~ ci rcuit A tho primnr·y r' of 
5I rip of earoon cr n mnss or noyothor shnpe, nn induction-coil h:al'in;; n loug fino 1riro see· 
uitt.~r of carbon or :~ny mot'O or lese contluct· o:~dory S'. The currout in thG pt·imP.ry I'' 
in~ substanco iu a rnrofiod or c.-xh11ust.ed re- <lcvolops iu tho sccondnry S' :1 ~nrreut or oloc· 
cetvcr r.nd connected diroctly ot· indn~th·oly tdcl\1 eficct or correspond in~ frOaJnOncy, but ••s 

so to :\ 5.>ua·ce of eloetri<:$1 euorgy snch as I of ~uoranous difTct·encc or pot~ntinl, n111l u ... 
hnv~ dcsrril>ed, way b\l tna<iu~incd at incon· sccoollMy S' thus bccuutcs the sour'-c or the 
d~~nce if tho frequency am! potential of the ennrgr to bo npt•l!cd 1<> the purpose of pro· 
cUTrent be sunlcicnUy high. <luclng light. 

I wot:l<l here st.sto that by Lhc term~" cur- 'I'ho li!;ht·glvio:; do\· ices may be. oonocetcll • 20 

ss rents or high fa·cquo:•cy nnd high polcn tinl" to cithet· tcrminnl of thcsecuntlr.ry S'. U d~· 
~nil 3in:ilnr cxp:·cSl:ions whi(•b I hnvo used iu sit·Nl, one t.ermin11l may be connootetl to n 
this llcsr:ript ion J do not menu, necessarily, co,dncling-wnll W o( n rooin at· spMe to bo 
ctlrrents ii1 the :rs,nl ~crcptnnce of tho term, lighted nnd the othct·nrrnnp;etl for connection 
b:tt goucrally spca.king, elcctricnl disturb· of tbo lam\)S thcrowi:-h. In such c~sc tho • '5 

t:o nnces or effects ,;tich RS would be pa-oduccd i:: wr,lls ~houl<l be colltcd with some mct.~llic oa· 
t.llo :;e~;~ndary ~<>t!r~c by tho uction of tho contluc:in:; sul>slnnCI) in order that they m:ty 
primary tlislurbane~ or clcctricnl ccroct. · . hnvo ~nfficitnt conductivitY.. 

I~ i9 ncce.ssncy to o!.>sorvo in carrying out Tho la\lups or light-&iving doviccs nmy be 
thi~ invention th~~ c:>~& mu3t bo takon tore· nn ordinary incandescent lnmp; but l prefer •Jc 

65 dnee to 11 wini\nu:u tl:o oppo1-tuuity for tho to uso ~pcein\!y-dooi;;n_ed !"mJ?s •. cx!\tnplos of 
dilll!ipntlcu or th!lCliOr[r)' ft'Oill tho roauluc1<1r« winch I hr.ve shown 111 oouul "' the <11'1\W· 

26 Nikola Tesla 
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logs. lbis lamp consists or a rnrelled or pole of tho 110urce of current. Tho mel.&lllo' 
o:-<hl\usted ' bulb or globe which incloses a linings nn.l tho sheot 111 thus compo1;0 the 
refractory conducLin:;r bod~·. ns carbon, ·of plates or armntures of a <:Ondens,er. 
compamtivoly small bulk and any desired '!'his inve:1tlon is not limited to the special 1o 

s Bh~<po. Thig body is to bo oonne<:tc<l to tho mean» de~cribed fot· producing tho rcsulls 
secondAry by ono or moro conductors se~~led horeiMbove &et forth, for it will bo soon tbat 
in tho glass, as in ordinary lan1ps, or is nr· vnrions plnos and means of producing cur
ranged to bo inductively coQnoct.ed t.heret.o. rents of vory high frequency nro k1!own,and 
For tbis lMt-namcd purposo tho body is in also mono~ for producing very high potsn· lS 

• o electrical contact with n metallic shoot !c tials; but I hnve only deseribed' herein cor· 
tho lntsrior of the nock or tho globe, and tain ways in which I have PrActically c..'rriod 
on the outside of snid neck ill a 60cond sheet out tho invention. 
which is to be connected with tho source of Wb11t I claim i&-
cnrrent. Thosa two sheet.~ for111 tho t!rror.- I. Tho improvement in the nrt ot electric g, 

. s lures ot n condenser, 11ud by them the cur· lighting heroin cleacribeu, which consists in 
root., or potoutinls nre developed in the light· genornting or producing for tho opol'ation or 
giving body. As many IAtops of this or othor the lighting deviocscnrrent~ or ononnons fre· 
kind$ rony boconnected to tbetcrmhmlof S' qucoey 1\rtd oxcossively high potential, sub· 
ns tbo coorgy supplie~ ist.npnblo o( maiul1tin· stnntiRll.Y ns herein d<lScribod. Hs 

>o iog At incnndosconco. 2. Tbc method or producing nn electric eur-
ln Fig. 3, b is n rnrofiod or o~hnusted gl~ rent tor prl\cticnlapplicatioo,,such as for oloo

globe or receiver, in ...-hich is·n body or cnr· · tric lighting, which coosis•.s In generating or 
!Jon or otber suitable coudnetor e. To this I producing a cnrront of encrruona frequency 
body is connected a metnllic conducto~ f. and inducing by such current in 11 working 90 

>.S \vhich passes through and is soaled in the clreuit, or thnt to which tho lighting devict·s 
~:lass wall o( thfl globe, oull!ido of which h is are connected, n culTOD~ ot correspond in .. 
uoir.ed to a. copper or other wire 'J, by ro~r.ns frequency o.od excessively high poteotinl, ~ 
of which it is to be ol-.ct.rically connected to sot fol'th. 
ooo pole or torminal or tho source or current, 3. Tho method of producing an electric cur- 95 

30 Outside of tho globe tho coo'duoting-wil'o~nro root for llracticn! applicAtion, suclas to•·oloe· 
pt·otcctc<l l>y a coaLing or in suln~ion h, of nuy trielightlng, which consists in cbnrgioli n con· 
suit.ohlo kind, nnd insiclo tho ~lobo tho sup. dcMor by a given current, maiotninong an 
porting-wire is inclosed in nud 1nsulnte<l by"· intermillcot o··· oscillatory dischnrao or said 
~ubo or coating k of n .refrnctory insulating . coudcnSOI' through or into n primn~·y circnit, o oo 

35 substance, such na pipe-clay or the like. A 11ud producing tboi'Oby in n ~econdnry work· 
roftecting-plato lis showu applied to the out· lug-circuit in inductive relation to tho pri· 
aido of tho g!obo b. This form of h•mll is n mnry very high poteutinls, liS sot Cn~tlt .. 
typo of those designed for direct electrical 4. The mothod of prodotcing electric ligb~ 
connection with ·one terminal of tho sou reo by iucandcsccnco by o!ectric~lly or induct- •os 

iO ot current; but, as nbovo st.otcd, there need ively conncctiu;; n conductor inclo.sP.d iu " 
not boa direct coonoction, for tho carbon or mrcficd Ol' oxhnusted receive1· to one o( tho 
othct·illu'llinatiogbodymnybel'ondoredlmni· poles ot· t~t·tuinnls of n sou>-co ot oleetl'ie 
no us by;,,.; uctive notion of thocnrreot tbct·e· energy 01· cnrront of n frequoucy nnd potcu-
on, nod this rony bo brought about iu sov- tin! sufllcicntly high to render said body in· o1o 

4s orul wnys. 'l'ho preferred form of lnonp for CAtHlescont, ·M sot forth. 
tliis purpose, ho,•ever, is showo iu Fig. !!. 5. A system of electric lighting, coo~istioog 
Ju tlus figure the globeb is formed \9ith a cy- in tho combiuotion, with a sou reo ot electric 
line\ ricA! neck, \fithin which i~ 11 ~uboorshect energy or current of enormous froquoncy 
m of conducting mnterinl on tho side :tnd 11nd oxcossi\·o:y high potentinl, ot nn incm•· ••5 

so ove1 tho cud of n cylinder or plug 11 of any do.scont lnmp o1· l11mps consisting of n con
~uit.•bleiusulntittgmnterie.l. 'fl\olowcrodges dueling body inclosed in n rnrefi'ed or CX· 
oC this tubo 11rc :~ eloctl'icnl contnt!t with £1 hanst.od I'OCoinr nnd connected directly or 
metnllic plnt.c o, secured to the cylinder n, nll inductively to one polo or termino.l oC t.h<~ 
the exposed s~rfMc~ of such pl11to nnd of tile sou reo of cnorgy, na set forth. , •~ 

ss other couduct.ors b.ling en.rofnlly coated nnd G. Inn gystcm of electric light lug, thocotu· 
prot.cc~cd by iosu!':~.tion. Tho light-gi\'ing LiMI.ioll, withnsonl'coof currontsofonormous 
body r., in this case 11 stmightstom of eo.rbon, frG<J.UOney nnd excessively higll potential, 
is olcctrically cooncete•) witb the s.-.id pinto of incnndc:>ccnt lighting do,·icea, Mch cou· 
hy 11 wil'e or co,.dra:t.or ~imilar to Lbc wimf, sistin:; of a conducting body inclosed in u us 

6o Fi;:. ,, whicl1 is co.-.t.od lu like 1or.nncr with a rarefied or exhausted r~eeh•e1·, snid couduct· 
rofractllry insulntintr mnteri!!.l k. Tile neck ing body beio;r ~~nnccted directly or ioduct· 
o! the (liCtbe fits into n socket composed of oo ivoly to OM pole or termionl ot the &ourcoor 
insul:.tio" tnbo o" eylio<l~t 1>, with n moroo,. curt·ont, nud n conducting body or bodies in 
los; onrr.l~lctii mof.l\l!ic litlitog 8, electl'ically tbo \'icinjty. or SAid lighting do\'lees con- ':t<' 

ls coune•:t.ed by B mol tlllic hood ot· pl~>to r witb ucctcd to tho ot.l1et pole or t.~;ro1innl or SAid 
n cOIHh•~~., r a. tbnt. ir. to ho ntiMih~d to ona z;mn-cc. M set fO'rt.h. 
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7. In a system o! olootrlc lighting, t:hecom
l>ination, with nsourcoof currents of enormous 
froquoncy of ~"ccssively high potcn'tinl, of 
lighting devices, each consisting of a con-

S ductiog bo<ly inclosed in n rnrefted or ex· 
haus(ed recoi.vor nnd eonnocted by conduct· 
ors directly or inductively with one of the 

' 'tct:ninnl• c;t ti!•ld sou ret, !\II pe.r\3 of tho con· 

26• 

ductors inlormoclinte to tho said suut·ce and 
tho lit:ht·giviugl>ody being insulated nnd pro· '"' 
tectcd to prevent tho dissipation of the olec· 
tric ~nergy, ns herein set forth. 

NIKOI.A TESLA. 
W itnessca: . . 

PARKER W. P ,U:E, 
M. G. TRACV. 
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ELECTRIC INCANDESCEN7 LAMP. 

Sl'EC!FICATION form.i.oa- part of Lo~tl.l:o r~t<>nt. No. M0,0691 dat<>d J~tno 30,1891. 

AnliuUo~ 6hd X.r H. iOOl. &ritl trn. 302,6tl9. fh'o m'XleU 

To all wlvm> it nut)/ cm•cern.: . 
Bo it known that J, NlKOL...; T!:St,A, n snb· 

jcctof the Empc1-orof Austria, i.-om Smilj11n, 
l.ika, border country of Au~tria-llnugnry, r~-

5 ~iclin<: nt Nt•w York, iu tho county nnd State 
<>f N~w York, luwo iovcntc:cl c~rtain new ancl 
us~ful lniJU"Ovemcnts in Elootrio Incnndes
<:cnt I.:unps,of which the (ollowing.ls n speci
fication, reforcnco uoing . hMI to the draw-

;o i ngs aceompn11yinz nrul (Qrming n pn.rtof t.hc 
~am¢. 

My invention is n new fo1·m of lamp for 
;;iviug light by the ine~~ndosccnce of carbon 
o•· other suitable refrnctory conclnciO•· pro· 

rs duced by electricnl enorgy. 
Iu order Lo moro distinctly point out those 

features whieh· distinguish · my invention, I 
would stlito that heretofore electric lamps 
have been made, first, by motmtin;; ·a rc· 

>o f•·nctor.r. couducl.or on motallic •-urporting
cvires leading into n hcrmctically-~ealed re· 
"oiver from wldch tho air has been exhausted 
., .. r~plncecl hy an inert gn-'1, 11nd, second, by 
placin;; two iudopendcn~ concluclot-s in a ro-

,S c:eivcr or gl9be :m<l parti11lly exhausting tho 
oii- thercfJ"orn. In tho· firs~ e<lSo the cnrbon 
or other conductor ia reode•-od iue~~ndesc~nt 
by the ~~eiual flow or pnsSJtge : of a current 
1111·on;:h it, while in tho second the luminous 

;~o effects, as heretofore produced, or; in fact, 
t.ho only luminous effectll that could bo pro
•luced by nny means h~retoforo koowu, wer~ 
rlu0 to an :ictual discharge of current f•·om 
ono conductor to the othe•· across tho into•·· 

35 mediate space of rarefied air or :;ns. 
Jt may be further remarhd that in various 

fo•·ms of t;oissler or vacuum tubes the termi
nal~ c)l" point~ within the tube become o•· hnve 
11 t r.ndeney to. become hontocl by the nction 

i O of tho high-tension sccondnry dischargc·. In 
such tubes, however, tho dogreoof exhau~lion 
is comparatively low, M a hi:;:b vacuum pre
vents the well-known Gcisslot' discharge .or 
•lffeet. l'lloreo,·er, with such low degrees 11f 

.fS ~xhaustion the poi ntH or wires, if hcnted and 
11ilowed to bccomo incnndescent,urospceclily 
de~troyed. 

I huve discove•·ed thnt two conductiug
bodiM mounted in n vc•·y hij:hly cxhnustcd 

so rocei\'Ot' mny be 1·endcrecl incaudcscout nnd 
pracllcally utilized ns n ~mu·co or light if 
oonnected directly or inductively to tbc"ter-

mi111d.s of a sourt:c of cuncnt of ve1·y greAt 
frequoocy nn"d vc.or.)l high potenli~l. 

The practict1l r~qu i rem~ultl of t h is inven~ ss 
th>n nro widclydifferont fro1i1 those employed 
in p roducing Any 1lf the pheuotnena hereto
for·o ohscrvc<l, ~u<~h diiT6r~uce.q hcing mainh; 
in rez.,;p~t to the C:\ll'r('nt., wh.J~h 11l\1St. be one 
of c:nonnons frequcucy :md of cxco.'ISivcly 6o 
high potontinl, nnd also .to tho de;;rec or cx
hnu5tion of Lhc;:lob" or recch·e•·, which mnet 
be ca•·,·ied at lcMt heyond the ·poinL11t whfclt 
a spnrk will pass, 01· to the conditi011 known 
M a "non-~;tl"iking vacuum," 11rul it inay bo 65 
as much farthot· 1\lj possible. 

This .AppliCI\tion i6conlinecl ton particular· 
fo1·m of lnmp which I employ iu a uow system 
invcnfcd ·by me, which system -involves, liS 
ono oC its e~;Scntinl characteri~tics, the e1n- 70 
ploymcnt of currnnts or electric effects of n 
uovel kin<!. In '"' 11pplic:ation filed )>y me 
Ap1·il 2.5, 1891, No. 390,·114, I h:wo shown and 
dcscl"ihecl tl1is syst~n' in detail, ancii tbor~
fore deem it snfficionl. for the present Cllse to 75 
say that tho lump~ hc•·cin clo.•crihed, whilo 
utterly inopcrnti vc 0'.' nny of the cil·cnils now, 
oa·, so rm· a~ 1 ani aware, horotofor~· ~~mploye<l 
bccumo highlycflicionlSOilrCO.~ Ci" li~;ht if tho 
frequency or the c<ll"J'Cnt by which they nra 8o 
oper11tod be suniciently ~:rent and Lhc poton
titll St)ffici~ntly high. To produce sucb cur
rants, any kno,vn mcllnS m;~y bo ut-ilized oi 
the plnn descril>ed in my said application fol· 
lowed of disruptiv~lydi~cha~ingt-hoaccumu- Ss 
Iaten cner~y in a condC'user into or through 
''primary-circuit to tn·oducc 11 current of vo•·y 
high froqucney, and inducinl:" fi"Olll llli~ cui' 
1·cn t aseconcla.ry curront or n very much higher 
potential. <jo 

I 119w •·cfc•· to tht' dmwin;:s in illustr:~linn 
?C tho invention. 

Fignro I isavm·tiMiscctional viowoC:~ lamp 
con')tructell with lending-in wia·cs for direct 
connection with n ci1·cuit ot· source nC curront, 95 
I•'ig. 2 is 11 simil:1r ,·iow of. 11 form of lnlt\J.I a•·· 
ranged f<•r inclucth·c: councctiOit with ""cl· 
soun·o. 

Tho common mcthuus.ul" steps fC)llowctl in 
tho lllnnu't"act:uro of the ol·dina rv i nca.ndc.--cent 1 oo 
lamps and G<li&~lcr tubo.• mny be~ cmployccl 
in the mannfactut·c uf r.hc~c imJu·ovctl Ja.mp:;s 
a~ fnr ns applicable. 
·· A is 11 gln."S globe or receiver with a nec:.C 
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or bit.SC ll. Coudueling-wircs C (; on tor t his 
!!lobe :\nd :\r~ scn!c·l in t ho wn l l~ thcr~of. 
;i'ho \"II tUring wir...·!-i l : nrcsm·L·on Jt ch;(l Oy s mall 
wboo or cups J). T h<> j<>ints between the 

s ,-.;·ires C and the incn.nd(:SCing coru\uctors a.t·o 
made with in th ese cups in any orcl inary U>au· 
ncr,nnt! thl.! lower parts ,·)f t.hc CllPS nro rili~U 
with hronz.c -powc.ler E o•· o ther sn i t~\blo Ula· 
terial to clTcCttio ~ood clt}ctrieat con nection. 

I 0 Tho cups Ill"() then flllort up with fir~·ch•y or 
other refractory liOJH•mductor F. which is 
mo)d('.d a•·ou fl(! the r,arhons G. ~l'h ~ cl'\rbon~ or 
utbcr refractory conduewrs (lr sc mi-cooduct
'Jrs(, nrc com plet~ly iSt)Jat ccl from on c nnother. 

•.s Tboy nro he1·e ;hown 1c~ tileorler strip$ ; bm 
tboy may ha,·c any other desired shape. 
!.amps thus made at·o attncllell to &. \'acu: 
u m-pnmp in tho usun.l wny. After tho p•·o· 
ce<!S ot exhaustion has been carried ou for 

1<> Some t.i m~ 1 h(·y n ro· brought to in CAnrlt>::.cc11 co 
hy ~ suitable cur rent-, by .which the fire· clay 
i~ t.hnrowrldv hnkcd and the O(·dude<l gfl!)C~ 
arc :idvc~1 o'rr. Tho (.'XhK-nstton i~ carri~d Lo 
~be h i"h~>t ooS<il.>lo poin t, 1\IHI the globe 

75 finally ~cah·dt•fl: at ll. lnnsmuch as there is 
a tcnd c!,cy to ::pal' kin~ when lht) eurrent is 
tu rucd on l><d'•)rt;- the (I:Xhaustion has h~cn 
cnrri~ \~cry high, it ii woiJ, wh(\n the char· 
actP.r oi thc ·carbon admitso£ it., tocauso.thc;r 

30 unds to approach, in order t lu•C the spm·ks 
1\1&)' lC'ap r,crOS!"\ between such p9in~, where· 
b;.· 1ho danger· or injur·y to the c.,dJOns or the 
·Ia m pis less~ncd. 'J'!1c <.:OIH! t:<:tors ou t:-oidc tho 
glohc, :~9 well as nll tiro::<> wh ich convey the 

JS CUlTCII t. f•·om tho ~ourcc, ~hon ld be c:.rcfully 
iusu lnt('tl 10 ~\1'('\'f:'nt 1h~ di:;!o\ipation of tho 
~urrcnl. 

In lic:u cJ( c:c ) • ·:lll '<~Liug- tho f.wo (·arhous \)i . 

rf!ctly Lo LIH:<:in:uit throo~h l('ading·in ''' ire:~. 
4 \ ' prO\'i~iOH Jll.'lj' hu tOUdt• (o r incluctin.::ly COli· 

,acctiug t.hcm, as by means of condenser~. 
FJg.:.? ~hows a !orm o! lo.lup of thi~ descrip
t ion thnt I luw~ <><l)ploy~<J. Tho glouc A lms 
two E.\:<tcndeO t ul>u!a:- JIOrt..ion~ n ll'. Inside 

..;:. ot thc.~o tnlntlnl' extt'l'aSio ns nrc. condenser· 
(:O~tillg'~ }\ l\'. 
. .I J:'lro plugs or fin.H'Ilay (u· rhe like con· 
taiucd in lho extension~ n H'. 'fhu IWOt.CJll 

ductor< (; (; :n·c su pportc<l hy tl•csc pin:,':' 
.so and Cl~Jnu:ctcd by mctnll ic stri p~ !\J wirh the 

<:onchmsor·contings 1\ 1\ ', t·csp~c th·t~l.\·. <h't~1· 
tho out~i<lc t)f tht\. ('Xtc·n :;ion:) B H' ar(· titc(•U 
insulating-cap:> ~ N'. ha.\'iog mC'l!:lli i<: lir::u;:~ 
o 0 '. wilh tP.rm inals n<laptcd for conncctiu·n 

S5 with Lhc ci rcuit-\fire::~ . \Vith such cm·rc nts 
"" n>·o employecl .. t<> 0peralo the:<o lnmps <;on 
<lenscr:< c f sn.nll"capacity, such as those thus 
mArl.c. transmit the cne·rgy fr.om tRe <)u tSide 
~ir<:u it to tho carbous withln tlte elol.H.' with 

b little loss. This l11 n1p is exhauste<l8n<I~Ct>lcu 
oiT (rom t.ho purnp in the same roan u~r aHh:\1. 
fh:st llC$Cl"il>eLl. Ther P; is;: no electrical con· . 
nccll<luJ\t nuy 1i mn bet.wf'oCn th t two carbou~ 
0( this l:unp nnt1110 visi1Jlod i!"t'!h,'U•gc ortt'JtUS-

(J 5 {(.•r o( t•U J•t•C"tlt f n)tn nn(" fl') t ~< C Ol.her l hi'OIJgh 

tlw lti;;ltly·rarctic..t 111edimn LJel\\'C\'·H thcau. 
' l'ho f~ct, th erefor <', of their b~iug rcnilerod 
i l l<.~a!Hk~eGn L Uy ~ ho acl ivu or :-.nc h a Ctlti'OHt 
as J han:~ duscriUo~ l seems to be tuainly nt· 
tr ibutablo to condon~cr nction. ]\1 

The cnrbons, 01· ,-:hatovca· subslnttco maJ~ 
be used in thei r st~ncl. mn.y be oC n.ny Uo.sirct..l 
fonu and m~1y h•> p ha:od itt difTOrP.ul rc1nti,·o 
positious. 

Tho mnnue r tJf me\k i n~ the lamp 1\1\il t.ho 15 
goneral form or the lamp a.~ n whole mny hf'. 
varit!d in nn mberloss wn.yt>. t · havo meroly 
shown herein typical form~ which embody 
the pri11.:iplo of tl•" invoutio11 1\nd whicl1 by 
oxperioncc 1 hnvc <lc.nonstmt<'ll to be prRl\- 8o 
tical lawp~ . 

.t\s I he '""'P~ which l employ nu<l wlricb 
are made as nbov~ uescribc<l nre nbsol ut.oly 
ioopt.~ratiV'() in l\0)' sy~tcm fmm which th~ 
hcrcinhcforo · dcscrihod coo<JitiOJI $ of !>Olen· S· 

' t.inl ,and fret}uoncy nrc nlJsent, so tht! \ ·l\t'iOl l:* 
lamps horotoforo dev ised for u~n with high· 
pot(lntial current-s.~ in which th~ cxhau::ltion , uf 
neces.'iity, hn .. s not boe-n l.!nnicU to t)r beyotHI 
the non-strilcir.g- point, aro (lt':\Ctic..."l11y worth· yo 
les.~ in my new systom, 11n<l thi~ is tho <li~tin-
gu ish in~ fl•ll.ttll'~ vf novolt.y in my l:uu )1$ · \'iz., 
thnt tltey Ar·eexhauste<l to or l10yornl the llvn· 
strikiu~ point. 

Whnt 1 claim liS my ill\·eu t ion is- - v; 
1. An inca.ndesront 1nmp con~istin:{ of 1 \\'c) 

isolAted reCr,.ct.o•·y <·onuuctOI'S cont.aincu inn 
non ·stri-kio~ vacuum ao<.l adnt,tcd 1') pro~lnr:,, 
l ight IJy incn.n<lc~c-oc<', <.:ttch l>c-in~ pnt\'ltlt•cl 
with a terminal for conuccticm ·with :t !'(()tin~·· too 

of clectricnl energ.y, ""set fol·th. 
2. ThQ eombinat,ion. with A. glouo m· rc· 

cci \'Cr ~ ~xhaust<:d lo tho nOtH:;tri king pc.i n t .• of 
two i!5ola tt>d l.>odi('~ ot rcfrll.<:ton· contlucl iw• . ~ 

nultA:ri:\! a()nptcU to cinit Ji~ht hy inc~tmh.•s. tvs 
CCHICt~ and mounted w i LIJiu ~aid ~lob .. ·, ;wtl 
1ncar•:-; for connecting St\id holl't!S wilh t he 
t.wo poles Ol' terminal::., l'C::'JICCtivch·. vf : l 

~OIII'C<> of ~'.lcctl'icnl en~;r:;-y. · 
:~. ln :m incnudesccnt. oJcctt·ic hunp, lilt• , • o 

(:Ombinn.tiou, witll a. g:lohe or ·1·ec<:'iVcr t•X· 
h:'lust.ed to tho non·stl'i k in~ poiur, o( II'H:Hnlli': 
wires $e.ale<.l tlH"rcin, a rcfmcto•·r luuiy 
monnh~d on m· olcctl'icnlly conri.,ctcU to •·nch 
wi rC", t he saitl wi rc~ within the globe~ an, ( ~··••<.'~• • , .s 
ptu·ts of the •·<,fra<.:tory ho•ly :\San! 11M tu b•· 
n •ncler\:d i ucandf~~Cf!lll being ennlod , ,. cuv · 
e;·ed with in:;u1aLivn, H-" ~<!t fot·th : 

4 . Thn cotn.IJinn.lion, witl• a ;:loUl~ m· 1'1:

<:~ivc-r «~xhAUSt<"•'l to the non.strikiu~ poi::t.,of : 1() 

metallic wires soalc<l lhci'Oin, :1 l'l:frt>Cl<>rr 
c.ouductot· unitod to t~:t.ch of s.~itl wir~R \\ it.I1 .. 
in the gltlb~, tm iusn lating·CO\'(I<J'iog Al·:mrul 
t.hc wirc:j ancl j (>i u t, :mel a rcfractotj' insuln.t.
ing:-bo<ly S.UtTOUildiu::: t.h<:'refmttury Co,ntluc:t.- 115 
C)l'~ H{'l\1: t.h() joint, :\S :OO: (.H, (ort IJ. 

Witnc:s~ .. :~: 
NIKOLA TJ<:SLA. 

ltou'l'. F. G" vt.oJw, 
P .\lu; ~:it W. 1 ... Ha.:. 
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I NCAN DESCENT ELE'CT RIC Ll G f-\1'. 

6l'ECIFICATIOli fo;·.nioe pRr'! of Letter< :Pateol No. ~11,170, ®ted Fel>ruo.ry 6, 1804 . 

,,,.t~c~ti..,,, Sid J'c.:carJ 2, 1102. lk-u••t Dtte:»bo: 1~ . Ut3. :"~:i~l };o. i9l.176. Oto m~eiJ 

Tfl a,U who;7:; i$ : ru:.y ,-:o;,.ccn t;: l drn.wint:~ which ~how ouch lamp in crutral 50 
[le it kno~<n :ha t I, Nt!.:OI.A Tl!SLA, a cili7.C:l vcrtic:\1 section. 

of tho Unit.;d Stat.:-~. rcsid io;: nt New York, A is a gln.'l:l ~lobo of the usunl form, in tho 
in t hocounty n:>d St:\tO of NC)w Yod:. bavo io· \Ja so or which ts scaled J. vory t h!n conc!uct· 

s vootcd nccrtniouowandu~ofo llmprovcmor.t ing wire n , pnsniug up through n s tem of 
in locaud escent Elort ri c l.am ps, of \vbich glass or other rc fractcry ins:tlator 0. 'l'o tho SS 
the foll owing is·a s pecificlltion, rcfcrooco be· upper orlnnor ond of thiswiroilJoo itcd,as by 
ing had to tbo drawin gs :\Ccompeoying Md means or n m:\snof carbon pestG D, o. cnrboo or 
Corcnior;" part or t bo same. otbor rofrnctory stec> E, thnt supports or cnr· 

co 'fhi3 !n?ention is ao ic:tprovclllcnt in tbc rics a small buttou or c.:nboo orotborouitnbJo 
particular cle.ss o r oloetric lamps or lighting &ubstaneo F. Ovor ~b;) o.tom C io pMSO<I, at 6o 
dovicos invented by mo and for "'hicb I hnvo any convouiont stngo io tho mauufacturo of 
h~rotoforo obU>iO'!d Lottors Patoot, notably tho lamp :~nd in aoy wGII uodGrstood "'ay, a 
No. 4~4.622, d!lted Jooo 23, 18~1. ClC!:\lllc tubo G. I profur t.o ~Go for this.pnr· 

•s T ho iovoot ion nppliro more pl\niculnrly to pona 11. very t bio cylinder or tnbo of i'.lumi· 
tha t rorru ot lRmp in which a email oody or com nnd itehooldootirolysunound all parts 6S 
button oC rG!ractory material isoupportoJ by of tho cond uctor within tho gl~bo oxcopt tb& 
n cool! ector eoteriog a very highly oxbnustod button Itself, ox tending to or nct.rly lip to tbe 
(;lobo or roooiver, but i~ also 1\'pplicablo gen· point of a nion of tho~t-eL~ E with tho button 

:o e rnlly' to other forms or lnmp ~~()opted Cor use F. Sucb n device by roo.soo o f its olooero
wi th elUlil~~ syste•ns io which curran ts of st~Uc 1\Ction rodaco3 t he loss o r energy oup. 70 
rery higb poten tial nod gro.~t trcquoncy a ro plied to tbo b ulb, p reventi ng i~ rR<lit\lion or 
eatployO<I. l·b ~vo found in thopractlcalap· dissipntioo into space oxcept throug h theex
pliCI'tioos or tbis systerntbo.t a ·considorr..ble pos'&d or 11nprotoetcd but too. Tho t ubo or 

•S dlsslpo.tion o r e~crgy takes plnoo fro"' tho screen G is ootlroly iosolsted from the con· 
ooodnctors convoy iug tho c.:rront.a of g reo.t ductors within tbo .globe. and from a ll oxto~r 75 
potootinl nod fT"queucy, e;ron "'hen ~ncb coo · on! conuuctors or bouios. T ho globe, by 
doctorn ar& thoroogbly insu lo.tod bot h witbi n n lG11D8 of a suitable air pomp, is oxhanstcd 
a od withou t tbe lamp globoo, and tho sub· tons biglln degree as practicable, or on til~ 

30 ject Clf my pr'osont invention is o. moans for oon·strik iog vncuum is attaincct. It iG oon. 
preventing suchdissipo.tioa within tbo temp, nected will! tho poropbyth.c usualtnbo which ao 
or ra ther for confining it to t bo pMticular is sen led oa nt K . 
porte or pert or the coodoctor which is de· The laaip may be msdo in ditlon lllt fo rms 
sign ox! to givelight. T bisobjoct 1 find I may acd in ditroreot waxs., and tbo invon!ico, as 

; s readily accompliab by sorroonding the load· may bo reulily understood from Its obo\·o 
log-!:: end S!lpportiog conductors with aeon- described na t are and parposo,isnot connned s> 
ductor which acts ssastatioscroon. By this to tho specific form of lam p heroin shown. 
moans tbo ligbt·giviog bo<ly orbnttoo whlcb. What I claim is-
Ilea boyond tho in fluoaco of tbe screen is l. lo an !ocandescoot olectrio !Ami?, the ,o q uickly sod etlleiently brought to and maio· comb!nntion or an exbanstGd ctobo, a roffii.O
({lined at h igher inCJ•odoscenco by a snitablo tory !ight·gh ·ing hody t,)leroio, o condt:ot.or r o 
oi'X::ricnl currotat or offoct, by rCMon o! tho leading io to tho globo nod connected to or ' 
ti\C~ that tbo · e!eotrical .nctioo to wbioh tbe eoppot·tlog the said body, nnd a conduotiug 
in~odescenc~ Ia doo is coo llned msiol.v to tbe screen on rrouoding the eaid coodoetor,oasei 

45 butto'D. fortb. 
A description of theordio!lory form of lamp 2. !::1 an incandescent oleotrio !amp, tho n< 

which I employ will oorvo to illastrst"l tbe ooatbiuo.tion of an exboaGted globe o rofrec- ,. 
pri:u:lplc and :cntnro of t his improvement, tory !ight.giviog body or bottOn ibora!n a 
c;:d for ~;;<:h dtl.~~rip~ioo I now ro!cr· to tho codncUogsn!l!,lCrtioreaid bt:l~!l within t'!l!• 



P-217 
~a,11o 

globe. aod a motallic tobosurmundiogor in· 
olosiog tbe said cood'uctor op to the poiot of 
uoioo with the but too, .<s set forth. 

3. Io ao loeAndescoot electric lamp, tbo 
s combloatioo or an exhausted glollo, a wire 

eeelod therolo, 1\0d coAted with or ooobeddod 
io a glaas stoiJI, a carboo atom united witb 
tho wire. a ro!roctory cooductor moootod oo 

$aid atom, and "ciloductiojl tube or cylinder 
AurrooiJdiog the wire•Aod oar bon stem. u and to 
ro•· lbol purposo aot.fo,rtb. , 

NIKOLA TESLA. 
" .... 

Wtto888es: 
ERNEST llOI'ItJNSO:<, 
PARKER W. I'AOE. 
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(Mo Hodel.) 
N. TESLA. 

INCANDESCENT ELECTRIC LIGHT: 

No. 614,1.70. Patented Feb. 6, 1894. 
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UNITED STATES PATEN T OFFICE. 

Nll<O!.A TE:SLA. OJ< NEW YOnK. N. Y 

hiETHOO Of AND APPARAIUS fUR HECThiCAL CONVERSION .\NO 01SlRI6UTION. 

Sl'ECIFICAtlON !orrotug port of L.tl.<>rs Pat<:tt No. <162,418, dLtod Nov•mber 3, 1801 .. 

J.pliik .. tivt filr~ r~.brnry L ta~J. 8•1i&l No :180182. tHo cood•l.J 

lo ull whom .. il t/l;(.u.; r.(IJtC(' I'JL: cacJ, ilupulsc, nl1crnnuon, or oscillr, t.ioil or .. 
1111 it known thM I, NtK<.>n.< 'J'ESI..I, n snl>- l th c cu rrent ~>:tr~rnely smnll. To th6 tnt\ny 

jecL of lhb Etnpcror ••.f ,\n$1ria,frolft.~miljun, 1 cl i fl\cultics in tlu: w11y of effecting thi• mo· 55 
l.ika, hon 1 cr Cu\lntry or ,\ u ... t ria-l t u n;!m·y, ro- 1 chan i<:.a lly, ~ Uy men us of I'Otat i n~(swi r chf.!1. 

s sitti ng 1\t Nt!w York, in tho cnuuty au•l Sto\tc 1 or i11tC I'ropt~l'S, i:-- pc:rhnps due the ftlitu re tn 
o~· NcH' York, hAve i•IV{'IJted C'trlaiu ncwsqal l rcalb·.l) pr.'\ctic.rLHy. nt ltn.st tonny tnal'k<:d de· 
u . .,e~ul ]ntprl)\'Otue:rHs in Methods of antl Ap· . ;.;rec, tho 1\l.lvnnl.a;.:cs of which ~u~:h a :-4y»tcm 
parntus fo•·Eicctric~ I Com·crsion nml Distri·l i$ capable. To oh\'into lhcsc u iflicnltics, I Go 
but ion , of which the following i.-; A. specifiC:\• ha\'c in wy JII'CSC'Hl invi!nt iOil t:tken ncl· 

ro t iou, t·e(E:rcnco IJe:iu~ hntl to t he Ornwings ac· \':\Hl:tgc pf the f:lcl .'\bO\'U rcr~~·rcd tv, i'\nti 
companying nml fonui ng a part of the sa an c. whic~h hxs tJecn lOnf: rcco~nizect, that H a cvu· 

This iO\'Cution i=' a n impro,·c,ncntinmeth· dcu~~r or .a COill1U ('t01' p~!)~(',.')~ing capctcity bt! 
uJsofandappn:-u.tusfOt·e!ectricalconve:Niiun, clln l·gocl ·(I'OIIl n suil;\hl~ SQUJ·cu n1u.l bo Uis- Gs 
'lc.signcd for tho Uottcr nml 010ro ctonomi· l'h:u:;ed through n cit·cu i t the rliscl1nrg-o iln -

'5 t:.al Uistril.Jutiun nncl nrJplic.aliou of clcctrjcal tier c:l\l· tai n eoaHli tiou~, ~cpcndcnt. on tho ca· 
cuergy (or general useful pu t·po•cs. p3ei t y of th~ coudcos~r OJ' contl uctor, tho ~elf· 

f\fy i n\'Cnt.ion i"' IJ:\seU on c·et·t tli n clcct•·il·al inchH;tio:' anti rc:-;.i~tnnCC' \)r the dis<;IH\ r~in~ 
pl1cn6mcua whir:h h;H·t\ Ucon !11ise rv~cJ by circuit, :mJ the rat e of .suup1y f\ l}d decay o( 7.". 
Clllinent Scteutbts :ulU rccot;ui.zcU as uuo to t ho clccd·•<'l\1 cnur~y, uut.y IJo ~ffccted inter· 

.o l:nr-s wh ich luwG l>cC1i in fL 1nensurc demon- OlitlcuLiy:or in the form of ('lscillntiou~ 0! oX· 
!itt·nt.ed,l.nlt wh.ich,SOfl\r ns I :un 1\WAro,lH\VO t rorncly ::SJHnH perioJ. 
uot hitherto been utilizt>cl or nppliotl ·wi th BricNy stntctl iu :;cocral terms, t llo plan 
nny prnc~i~nlly usc!ul result<. !:ilatcu IJrief· whieh I pursue in c•n·yiugou t myinventinn 15 
ly, lhcoc [lhCIIOIIlCll:\ nrc 1\S roi!O>\'S: First, ir is A~ follows: 

"5 a c''lnllt>uscrorr.onductor pos~es$iu;; c:Lpacit,\' I Qtnpfoy t\ gcnerat,Jr, p referably, of \'e ry 
Ue cl'Ftrget.l f1-om a suifiLIJJ e gcn .. •r.\tor. ;~ud high tc.:usioit nnd <:Ai,ilhlo or yichliug ohhc1' 
d ischnrged tht'\lUgh n citcUit, the di~chargc l.lil~cetornltt?t'naliu;;ctu·rcuts. Thisgcncr~t.tor 
unUer ccrtaiu .eonditions will lie oC n.n intol'·l I ~onnccl up wllh a eoudcr,se1· or cooductor 8o 
uli\.tcnl 01· oscill:ltoJ·y ch:wnctcr; second, ir of !iOmc cnpacity xntl tlischn rgc thenccuanu-

30 l\,·o points in ttn clcct.riccircuill.hrough whicl1 llatod clectric;.t l oncr~y disrupth·ely through 
acun·CIJtr:'\[Jidly risi ugnnd fxllingiu:-ott·cncrth nn air-spaCtl o1· othcrwi!'le ihtOJ\ ,,·orkin~ cil·· 
is mad t! to now, Vo COli necl&tl \"ri lit t.hc plates I ('U it. c~atai II inc; trn.nslati ns uc,·iccs aud, when 
01' rd'tuatUt'CS 4)( a C:onUcn;.;cl', i\. nuiRtirm in • f{"fJUil·crl, (.:OIIdC.U!'Cl':\.. 'J'h e~C <l isclmr$:0..~ m3y 8~ 
th(: cur·rcnt':; slrcn,;lh ifi l!lu.<·nlirc til:cuit or luo of tltc .!J;\Il1C Uircc\.iou O)' nllcruntin~·nnd 

JS in fi p<wriuu or tho ::;:wac on ly may bo Jn·o·. • intcrlllill.A.•nt, ::nccocding each other 1Uo1·c or 
lluced; thircl, lh~ 1\lnonnl ot· d•ara<'tor of' lcs!;' rtlpiclly or oscillnling to 111111 fro with ox· 
s uch .Vdt·i:lotiou in t.he current's sti·~ngth is lr~mc . rnpitliL,r . I n the wot·kin g circuit, lJy 
<lepcutlent upvn the conclcusc•· capacity, tho rcn.o;pn of the condense•' ncliou, the ct!n:ont 9" 
sel!·iiH)uction ancl resit<t;\U~~·of the ci t·oui t Or f•"pnlses OL' uischar~;cs o( higb tension a n!} 

., it~ ~ect ions, ~u<l the p~l'iod. or· ti1110 rntc of Smilll volnu>e a ro con1·~rte•l in to curt'onts of 
chnnga of thc· e HrrCIIt. It mny b~ ou~crvl:'cl, lower tcusiou ancl g reater \'Oiumo. The pro
howe\'Cl', tha~ thrsu sc•·~ral C01ctors- the ca· duct ion notl11ppli~ation of a cu,.·ent er such 
[ll\city, t !t~ ~~IC·indoction, rc.•ist.Ance. and J>C· rapid oscillntiot~sornltcrnnLions (the llllluhcr 95 
l'iu•l- urc nU td~tc:U in· J\ msnne: well unt.ler\ 01:1y be m~n\· ulillion:i per ~ocoud) securE;os, 

.. s hto<.,.J by ~h:ctrici~r;s; bt.J! to ren..JCr such con- ctinorig oLherK. t ho ·ful1owiu:.; ~"Xceptional •ui 
\'CJ-:-.ion ;'\S tn~y be crTecf.I)U Uy 'OOIIdensers Vllnta~c~: Flr~t , the t<tpacity o r the COlHlCII S· 
prac~ically avn'ilahl<.· u11 d usdnl· it is tlesir- crs for a ~rivcu output b wur:h Uiminish~·d; 
niJle, dtic~y on nccouut or th u lnct·c:lscd onl· ~ccoml, the. cllicicncy o( the ~·ontlc.nscrs is in· 1oc 
put a nU ellid~n~y :'Hill l'cduccU <·ost ·or tho (:.rcnscd nnd tho t\'.o.rlt'IICY lo bocOIUG hc:t.. te<l 

so npparntu s, to prod ~JC<~ cu:·rcnl·impulscs sue- rotlucOO , atH.l, thirtl, t ho raiiC!O o( conver·siou 
cP.eding ench other w1th very g-reat r:t.[Jidity, · is cnlnrg-oU. I have tlau~ succccdetl in p1·o
or, in otlte'· wol'tl:;.. to l·t·.ncl~r the <IHt·;ttion ,,( lt~ ucin;.: n !'-)'Stem or muthotl of \!onvet-sion 
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radicall y .JiiTereot from whAt has beon done rate"~ ~.<hich the circu i t jocludllllt tbe geo- · 
b<lretofore-lirst, " 'ith rc.<pectro the number orxtor i~ CHJ.lohlc 11f takin;: npnnd get tins: r id 
o( t tD pu Ieee. nlt('rnAt ic.ms.or O!'Cillnt ion' or cur· , , , tbP cne rg y. Sincfo rho rr~iM.aoce 1\0d 6l•l t~ . 1 ~ 
t60tporunllo( timr,nnrl,"-CCOild, with resvc('~ induction II( lhe working ctrcuic. c /\ltd lhG 

s to tile mannor in wh ich th(\ impul""" nro ol.>- mpid ity or rlto ~lleCO$sivo<li•chMges mAy bn 
t&lned. T o express thi• 1'0!11111, 1 tl"fino rhe ' '>Hied lit wt ll, tho cu r rent dtn.on~h to the 
'"0tkin~cu rrent.oovnt'ou£,~nu xct•$"'ivclyt;mn!l wor~t~ng :'\nd t;eoerntio~ circuit uu1.y bear ttJ 

poriod or or no excessively IRrco uumt>eror itu · one >IIIOthcr IJ oy desi red r~-ln tion. . ' 
pni&08 Or Altern&tions 01' 05C!IIul iOII! p~r unit ' l'o unc1ti'$1Ktld lho ~liOn Of the local COO· 

ro o( tion e, 1>y which I menn nut .l thou•and or doo$er E lu f'ig 2, let a b•nglo tli•charze be 
eveo t • caty or tb i ~y thonsnod per aocund, but first cous1tlercd. Tbis d irlCb argo bt>S t ><o 
many cuoeG tbAt nurnb.-r, ""d one which is pAths olteretl-one to tho coodeoser E. thn 
1nadn i~teruuttenc,o<lteroMi ng, o r OI'CiiiRtio;: oth~r through the pnrt L of the work log cir- 8o 
or itecl r without the emplo)·mco t ot mcchnui- cuit C. 'l'ho part L, however, hy virt ue ot ita 

15 cal devices. sctr-iuductioo , offers a strong opposition to 
I cow proceeJ to an explunAtion •omowhat such n su~~o u •lischt<ri:O, whllo tho CQndoosor, 

onor~ in t1cteil or the nt~turo ur my lo\'ontion, on tho other han~. offers co sucb oppo$ilion. 
rde r ri nl! to tho nccomp1uoying ~rawin:;~. Tho rusu l~ is thul rraeticnlly 110 currooc 85 

Tho ~wo fi)!ures nro ~ingr~ms, each repro- pnssei et firs t through tho urRnch 1., l.>ut pr<.'-
)0 aoutiog A genernting·drcuir, n worldu~ c il·· bUOa.Liy oppo9i to olectricitios ru sh to . tho 

en it, mean~ Cor prod ncio~: An i nttormi 1 ton t condeo&Or·COA l ing•. thi,. stori OJ: for tho tnO· 
or ~scilluti og discl'"';;e. oud contlen•e"' Rr· mcntcloccriraiMor~;yinthecoodoa~cr. 'l'imo 
raogcd or comu:ned as contemplAted by 10y is gained by thi~ ooeaos, uod tbe condenser 90 
lu•eotion. t hen d ischarge& through the \.>ranch 1., cbia 

• s In ~·igu r~ I, t\ ropreaen 1.:1 A ~:on orAtor ol h l;:h process be in!! repeated for each t1 iSch~~rge oc-
teosl~n; D U,t ho <.-onductonl "hich lead out carrin;: at D. The &u1ooot or elt'Ctrieal <>U· 
r rt'm t he •am ... Totbesecooductors Meeon- ergy blared i:> tbecondooser atoc.rb cb~~.r&e 
oeeted the COOdQctora C of II working ci rcu it I• depondoot upon the C&pllcity Of tbo COU• 9~ 
coniAining translAtinr; t1ov iccs, auch as in· doosor and tho potcotiat,.r itA pintos. It i~ 

JO OftodescclltlnmpsormotOr•(l · ln oncorhoth cviolont,tboroforo, that tho quic~~r the dis
conduccon~ U i• " l.>ro111< D, tho twv ends t>o- cbnrg118 aocccod each otbor tho $t»allor Cor 1\ 
I ng ee parated bv lin" i r-Spftrc or n nt n1 of i n•u- given ou tpu r need be the C4 p4cit v of 1 he 'lOll· 
lation, thrOUl(h which a UISrllptive diSChRrgO denser 1\Ud lhO gr&nlllr i&alsO tbeell\ciOOOY OC 10... 

tAkca 11IRr.e. F is a condonsar, tbe plates or ~ho eoodeoe~er. This iA coofirmod by pcno-
3S wbicb nrocouoccced Cotlreccuerllling-circuiL iical re.sull&. 

I( t his CirCe it PD"-'e5-' irselt sumci•nt c&pACi: y, 1'ho dlsebargea occurrin>t 4l 0,"' StAled, 
tho coutlen.ur F may be dispens<:d with. ooAy bo of tbo BAmo direction or may be aller· 

In F'1g. 2 the gener>ltiog-eircuil U U con· oa tioJ,!, and In tb~ foriD~r case tbo d evice& ros 
CAins n condcnS<'r F aud discb•rgos tlrrough eootoincd lo tho work lng circu i t IIIII}' be trav. 

40 tho ai r·~"P" D inlo the <VOrkintz' circnit C, to ors6d by cu rroots of the .;a on& or slt erolllely
anr t"''' pomt8 of whicu is couneeted 11 con - opposltediroctloa . It may b~observed, how
deoee.r E. Th~ coo denser E Is used to modify ovor, that ~ncb in lermitlout \lie<:bargo ocour-
t lru cu rrcn ~ in "" y part of tho working ci rcu i 1, ring et D mny cousbt of a au ml>or ot oscllla- 11 o 
&GCh M L. tions in tbo worki ng circuit 01 branch L. 

It ruay corulnco to 1\ bell or u od'orsuurolin:r t\ period ically ~illf\tiog dt&Chargo wiU oc-
ot tbo in\'Ontion to · considor IOntO in dotail cur at() In r'i;:. 1 \fbcn tbo qualllitiM COD· 
the condillons existing in ~uch " systom n.• cerocd l>onr :t r•ortain relation os prossod In 
is ollustrl\lcd in Fi~. I. r~t i t l>o 1\SSUUied, ~.<oil-known fonoui~ROtl a..«eortRillbd bydlru- II) 
theooforo, ohM on !hO 6yStOn1lboroAhown t he rio cxpcrim~lll.. ln this cai<Q It Ia doLOOO• 

;~ rMo c.t suppiy of the _ elcccrical energy, tho strntod in th('(Jry 1\nd practice lhl\l tho rr.lio 
CR(lRC' ty, self indaction,nnd tho rc~isc~~nccof of tl.o .rrength or ~he current In tho worklnl! 
t irO Ci rcnitS MO SO r,el:tted I hal a dl~rO pti VO, 10 thAI In tirO gonArllli ng circuits is tirO creal•r 
in torm ill en r, or O!;<,iJiatio;: cl iacbargo oi:cu rs the j! rcac ~r ~ho set f. ind uctioo, And the small or r >o 
lit n. Assume that the lirst-nnmed takes tho resi>U\nce of tbo "·o•ldng clreult ~ho 

$$ plACe. 'fhi• will cvidc11tly nc~ur whell tho. smnller tho pcrlo(l ·of Os-!illatioo. 
rKt C ,, f supply from the generl\lor 18 no t ade- I do DOl lim it myself to tho use or ..ny sp~ 
quoote to tho capacity or tbe ;rene rotor, con- cific fl)rme or the npparutus olcscribc<l io oon
.Juc:tOr$ U B. and C..<iJnUtnsor 1.-. F..\ch timt: ntttiou willa this iovea..tiun nor LO tbo proclao •:~s 
tho eond~nser F is chRrgod to s uch 1\o extent l llrT!\ogcmentof the systotn wilh respect to ita 

Go ch•l the potcuti•l or llCCulonl:lted chl\rgo over- d otails. herein aho.,·n. I n·the dran• ln:rs ro
comes the dielectric 5lrcn;;th or tho insulat· . l uro-wi ro.snroAho•·n in tho c:rcuit; but tt vdll 
lng·•puco nl 0 the con<lcn~cr Is di~b:>rgcol. bo undcrsl!)Od thnt in at1y ca.•o tho ~;round 
J 1. Is th(·u r~"chargcd from tho;::uncrntor A. snd may l to cc:-n vcuit:t tly used ira 1itu o( the r&· IJO 
tL is proe~~" i~ rcpcAt<!•l in more or l os~ rapid lurn-\'f i rv. 

6.1 euccossiou. 'fho ui~ch:>qcs will fullow c~ch I Wlont I clai m i~-
othor t..hu :oor" rapidly tho 111o ro nea rly the 1. Tbc ructho<lor olectrienlcoo \'OI'!'.ioo ucrc
r• ce or SUPI,IY !rom th~ geocrutor eqnnls tiro I l r. <lcscribo.<l, "'hich coo~ist~ io c!Jargiu& I\ COD· 
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deosor or conductor pos&e68iog capaci ty ana 
Joaint&ioin)l' a auccessioo of ioter1nittaot o r 
ll~Cilll\tin~ disruptive discharges of aald con
t!nctor iuto a ~<orking circuit cootaiolo" 

s tr&oslatiog devices. 
1!. Ia a system of electrical eonver!lioo, the 

cotobioatioo of a generator or source ot elee· 
tricity and a lino or :;eoeratiog circuit COD• 
tAioing a coodeo~r or pu-iog capacity, 

t<> nud & working circuit operatively oooueetod 
with tho goocratlog-cireult through ooo or 

more Air-::aps or breaks in tht oout!uctio~: 
met! iit m, tho electril'al cont! itioos being so :otl · 
juste<l llu<t :on iotermiUentor oscillatiul! <l iS· 
ruptii'O J iscbarge from the geu~ratiog l ntu •5 
tbe "·orkiul! circuit will be mnintl\ined, ns S<-t 
forth . · 

NlKOI.A TESLA 

\\' itncsses : 
R OBT. F. GAYLORD, 
f'ARKEH W . PAilE. 
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U NITED STATES p ATENT OFFICE. 

N IKOLA TES J. A, O F NEW Y O RK, N. Y. 

MEANS FOR GENERAT ING ELECTRIC CURRENTS . 

Sl'J::CIFICATION Conning l>4'rt o! !At ten Patent N o. ~ 14,168, datod Febna.ry 6 . \894.. 

!opUe~:i11~ i!td AIL{':n ~ 1803. SeriAl Ba. t 'S2.191.. <lo ~.u 

To <t.ll u.:h onr, it ntU1t con.ccr1t: 
811 it k uown tU::\t I, ·'1\r;.:or_.a. TRSLA, a cllizcn 

of the tl u il~d ~:H:'I.tcs, rcsidiu:; :tt N<.· ..... York, 
ia th~ county nnu Stl\tO of New York, bavc in· 

5 vented c~rtn io now and oseful lmpro~OJu•n~s 
in Moans for Generati ng Electric Cn rro11ts , o l 
which t ho foJJ<.Hriog is n spccilica twu, rofor· 
once beiug hn<.l to tho drnwi ogsoc~oro p:u~yi ug 
a nd forming~ p:l.rt of tho sam('. • 

to ThG io\'eotioo, subject vr my prf.:SfJut ap· 
plication, is a n iw pro,·e ment appl icable moru 
e:~p~cinlly to tbo method or syst(:rt\ of gOth) r· 

Ating nod utilizing electricnl energy, herotO· 
foo·e d i:.cov6reJ toy r.oe. Ann more fully set 

o s forth ia l.ctter.; Put~nt Nu. ~<>-1,622, o! Jnoo 
23, JS~I . nnu No.4G2,4JS,o! NO\'Ooulioo-3, 1~0·1 , 
an d ·>\·h ich in voh·<'~ tt.o runi ult!uancu or au in· 
t•~nn i ttou t or 0.:-'<:iJ:n.tor¥ disch:ngo of n ..... ou. 
J cuser or circuit of suital.ll~ ••>pnci ty io to a 

:.o worl<illf!' circuit cvntainiu~ trans lating do · 
vic..:s. lu ~y~totu!\ of th is character wbcn tbo 
li i;;h frcquc.ucy o£ tho curronL.-:: employed is 
tluo to t he acl. ion of A. disruptive or intermit
too l <.lischar;.{u a cross an Air gap or break at 

15 SVIH~ poirJt o r tl:o circuit, I bavo !ouud it to 
l;lu u! ar.lvau:a;;e not only to br<!-ak up or dO-· 
stroy tbo least tendoncy tQ coutiuuity or tbo 
nrc or di~chnr~o. but also to cootrol tho porio<l 
of the rc estnl.llishonent or tlo& •nmc, n nd from 

30 i nvr~tig-ations u1ado Uy rnG with \ his obj ect 
i n vi ow I IH\\'O fou otl thnt gn.~.11ly im prove(\ 
resu lts an> s,cctu·~d by cnusi ng tho di scho.1~~ 
to ta ko pl:\co io ttrhl through an insu iati ng 
liquid, SuCh /Hi Oil, n il() im;tca<.J. o r al!owiu~ 

35 tho tcron ionl points of tho break to rornniu at 
n um(orm distooro from each othor, w vgry 
SO C~ u iWIUCO by bri nginJ; tbtlU poriotlically 
io nctual contact or sufficiently n•.nr to ostab· 
lisll 1 be discbrug~ nurl thou sopnratiug thorn, 

40 or wbnt is tbe equivalent of tl:is. tb r'JWi3& in 
and out .of tbG .gap or )Jo·~al< a conducting 
uridgo at predcteroni~eu i n t~rvnle. T o vl>· 
tain tbe !Jest rosults, ruoreovor, I lind ito~· 
seati&l to maiotsin at tbo point o( d ischRrgG 

4S A How of tbe insulating roodiu ro, or, in gen· 
c·rnl, such n c irculation of tho $Aiuc a,::! will 
constantly o porato to r ut orr or b ro!\k u11 t b.o 
<liscbMJ!O as fa•t n.s it is ostal.llishod. Tbo 
RCCOwplisbmeoCot this lAtter N:sult involves 

so the ewployrucntof sow<> w ccbnu ism for wain
t.:~iniog the aow or circolation of tho iosalat-. 
it:g mediom pr.!lt tho points o! d!scb.argo. n!!<! 

27 Nikoi:t Tesl:t 

I t ~ko ,.d,·nnt.aga or tbe presence of guch ' 
moc bauison to ~cc<>Dli'l ish" furtbor Rnd bono· 
tici:>l rc~ul t wbieb is t bo main teuunt'o nf a ss 
flow or eircol~tioo or tbo insolat ing- liqu id in 
whlcll 1 imm Orso tbo coo vertQr eails u~od fo r 
roh>io;; tbc poleot.i:il or the current, nuc.l al:jo 
r.ho cvuUon~r platos \Vhen snch nro r~·qu ; roll 
aud ·used. l3y t his moans tho insn iRting 6<> 
lic1uitl surrououing the:. sRirl coi:S aud pl~<tes 
01ay be provontocl !;·om heating, either by it~ 
circt:ll!.tion nlone or by the a pplication to i t 
whi le in motion of:\ cooHug ro ..... Uium,an(l itft 
r(~.t} His ito q us. I i tiu~ p t·oscrvcd for nn i ndefi 11 i1 f! 6c 
thnc. 

llronuly con>idered th o plan con teropl~>tOO 
is entirely oodupeodco t or tho ~pocial Ol Cfl!l~ 
(o r cnrryin;! it. in to t-I ecntiou, but in illnl\trA· 
t ion or t ho profcrre<l manner in wh:ch Lho in· 10 
voutaou i!'l ~) J· mn\' lH) CArried out. 1 uo(\1 r<·for 
to the drr.wir.gs which nro heroto llnn~· ·•l. 

Figure 1 io u dingram o! tht>syste>m nn•l de>· 
vices eroploycd by me. Fig. ~ it1n soctiona l 
Vi()W O( a <.let8il O( lfl'!Chau iStn. 7$ 

G ropre!:leo t.s an elcN fi(.~ generator, fL.~ !vr 
i ostnuce, an ord 1 oary at t~rr.atClr. i o 1 he c il·· 
cuit of \~hich is thu. priwnry P l) r t\ trA uh· 
formor, or which S reprcs.,n l• t ho socouclary, 
wllich is usually of much Joogcl' ancl Ontl- r ~n 
wire than tho priro:\ry. To the socontl ury ci r . 
cui t, i f it howe not of itsolf sullic!ent ca r ne· 
ily for tho purpose horein couteonpiatcd. nro 
connected tho pintos of a c~ntlo~<seo· C, ""d 111 
any poiut. i n sail.} circuit i~n brenk or gx p At Ss 
which occur.< tho disrupttvo cliscloarg~. l u 1> 
portion .or the 8ecoadnry c ircu it, )J roforably 
io series witb tho condenser, r~s sbo, ... n in t i10 
tlrawiops, is tL primn ry coil P' with which i~ 
assocJa.hHl 1\ S3Coudary S', wh1ch lartt\r COn · 9" 
stitutes t llo llhim!\t<l sour.,o of curren ts for" 
wo6do~ circuit D in wb:cb ('If with which aru 
couuecto<l translatin'6 dovoces E. Under the 
condition• assumod it will be uuderstood tLat 
l.>y the o~ci l!atico or cb:ln$:e CJLu,;e'l hy tho ac· 95 
t oon c.f the d tscharge, t he condonsor is obarge<l 
an<! discbarged settinl{ up in t hu p r imary I" 
an olectrical cl istnrbanco of eoorroous r ... ,. 
queocy, a~ hM llooo ox plainod io my pnteut 
rc(orrod to, and a., is uo-:v. well understood. 1 ou 
lnstoad or em ploying twn l~rmiuals nt n th:cxl 
di~tRu ce, llowf!ver, (<>r lho gup across which 
tbe d i~obarge l.!<kes piP-<>o, I vnry tbo d istanco 
cetwe'>i: them, or wi.Jat ls prP.c~\cal!y tbo same 
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tbiog, I intoipos& betweeo snld terminals a 
eooducwr or a series or eooducwrs suecess
h·ely l>y means of ..-bleb tbe offeotive dis
lnuco or leuglh of the pntb o r clischMgo is or 

s way bo vMio<l o.t will. Tbis I nceomplish io 
tho ru\lowin::; wao ncr: 

A ig n pipe or tube t hnLIMds in«> n tauk 
l~ . 'J'o tho end o€ th i ~ tt:hc is secured at• (\X· 

h'll:,iou ~: ur insuJatinc wntf'riul t~utl tho two 
J, h·rruinnls (;' t_;• a.ro canRcd to project Lhrou~b 

1 ho ~i.Ses M llw sa roo, ns iollic•\lcd in Fig. 2. 
Wu!Jin I he ~~1eusioo I secure two cross-bars 
11 which afford M><rings for the spin.Sio of (I 
>Uiall ruotllllic turbine I, the blade-s o r wh ich, 

, s Ill! lho-torhiuo re••ol\'{'8, bridge tho spnco l>c
ll•·eon th~ two torminals, · noarly or quito 
touching lho t~n.oin als iu th ei r 1110\'Cmont. 
H no"' tllo 11u1k B l.>o filled ><it!J oil auu the 
Inlie r Is drnwu off or porcniLLcd to now off 

>o lbronl(h tho lubo A, t!1o turbluo will bo ro
t&ted by the llnw, the rnto or rotation being 
dependent Up<>u t he rato o f Jlo1<. By tbis 
meana the arc or dischRr:Jo is periodically es
tal>lisbcd throug h n flow or oil, wbic!J secures 

•S io tbo most 5Rtisfactorymaoner tbo condi
t ions bc~l ndapte<l for practical results. 

T ho rurtherol>j~<:ts o f tbe. iuvention nreSO· 
curet! lay plnciog the traiisCormor P' S' in thi> 
t;o,ly or oil iu tho taul< B, and the condenset 

3o In n closod •·eceptaclo L. Tbon to order to 
waiut~ti u a c irculat ion ·of th o oil and to pro
\' i.So Cur tho rcquisito now wbicb rutll tOS tho 
lDfbi ot:, I COnoecl thO tan I< ll with tho COD· 
denser l;o~ T. uy means of tllo plpo A. I also 

JS TUII 1\ J•ipo i\1 frOID thO boX I, to a Bmllll ro· 
tary pUUI(l N, and a nother p ipe 0 from tho 
IaUer b:1ck to tho, tank IJ. 

Whoa necessary or dosirnblo I may insert 
in tbc plpo 0 n coil F., '•hich ia contnio<><.l iu 

40 n jncket 1' t h rough which R cooling medium 
is pns~cll. 

Tho 6ow of oil is rogulntod by tbe apoed 1\t 
whi ch tho !JUmp N i• driven, nod by t his 
moans tho period o f rC·<>•LAI>Iisbmeot ot the 

45 IHC i~ controlled. 
Hrwi u~; now .Sc"cribed wy invention nod 

tbu !.Jest UltllliS of whic!J l aru nwRro io whicb 
the ~:uno isoc rnRy be carrie<! iuto orr oct, whnt 
I claim is-- · 

so 1. lu i\n ..,h.-etrac syst.t.H,.;. or \Uc kincl tJ,-.. 

scribed, the combiuation with tho points or 
teru1inals bel\fOOD which occurs tho inter
mittent or oscillatiugdiscbarge of mc11M for 
mAintaining bHween Sllid. points And in tho· 
path of tho .Sischnrge a Oow of lusulntin£ 55 ' 
liq uid, as set forth. · 

2. In nu eloctricl\1 system of t ho l<lnJ <•· 
scribed, tbo combination with a trnnsformo r; 
aa<l tho> pointa c.r terminals b•ltweeu wlo ich 
occur~ tllo iotormitton t or oscill&Ung <li•- . Go 
cbarge, or a body of iusula t!og liquid sur
rounding tbo aame, a nd means for maloiJiil -
in;:: a Row o r circulation of tb& s11ruo, '"' ~& 
forth. 

J. In an eloctrlcnl system or tbe kind 11~>· 65 
scribed, tho eoml>ioation witb a trl\nsformo· 
nud tho points or terminals, l>otween "hit·• 
occurs tho In termittent or oscill~>tiog eli~ 
charge, bf roeoptucles inclosi n;::· tho sa me nnd 
coniJiin iug ollnnd monus for m11intaioing n 70 
flow of tho oil throu:;ll sniol roc~ptncl011 n•ul 
around tb o .Jovices therein, ns !\Ot for th. 

~- Ia nu electrical systom or tho kind dCI·· 
scribed, tho combinntioo with tbo points or 
tcnnlnnls l;otwecn which occurs lho lotor· 1S 
1nilleot or o~il!Miu:: discharge, of " mtnM 
for maintaining n Dow of insulating liquid 
botwcon the dischArge points, a nd meflnft for 
varyin;::. the lengt h or tho path or tlisch nrgo' 
through ~uch ftuitl, dopoodool for opo rnt io n . ~o 
upou t be Uo •v o( tho sRmo, as sot Col'lb. 

5. Tho comuiontloo with dischn rgo poiutq 
im morsod to oil , of monns Cor periodlcRIIy va
rying tbo lont:lh or ttro.pnlh o r di~chnrge b~ 
tween thom,as tlct!crlbcd. ~; 

G. Tbo coruLi nation wit b cl isc;rl:n·::c }K>t u t :> • 
ilnmersed in oil, of a eoolluctor &•l~<piud top<:· 
riodically bridge tho "P""" hctwtcn 'nch 
points, u• &Ol for1h. 

7. Tho cowbiuntior. with <lischar~-:u po1ots 90 
immerse<! ill oil, means Cor cansio;:: e flow ol 
tbo oil betwoeu said point• ""d .. 1notallic 
tntbioo wouoted l>etweoo. t loo poiuts nod 
ad a pted by tbo T()latioo produced by tbo now
lug oil to brldre wltb i1s vnucs or ulnde.• tho 93 
space betweeo I be Mid points. 

NIKOLA 1'I::SLA. 
Witnee.ses: 

n onT. F. G .. \'LORD, 
I'AitltER \\". I'AGE. 
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UNI TED STAT ES p ATENT O FFI CE. 

• 
NIKOLA T F.SI.A, OF l\EW YORI(, ~- Y. 

METHOD Of REGULATING APPARATUS fOR PROOUCIIlG CURRENTS Of HIGH fREQuENCY. 

SPECIFICATION Conning part of I.ettoro Patent No. ~68,178, clD.ted September 22, 1806. 

Af-plit.itlQ~ Elf0 J unt 20, 1896. Seri1.l So. ~90,262. •No aod~l.l 

1'o all whom. it nur.y colt.cern: 
J:c it known that l , N tKOLA T r:su, a citi 

zen of th o. Uni ted StAtes, rcsitlin~ at l\ew 
Yo1·k, in the county and State of l\ew York, 

s lo n,·e inven ted ecrt.ain oe'• n'lltl ''"eful lo u· 
po-ovconents in Mctho<lsof Hc:;ulntin:; Appn· 
J'at us Cor Prod ncin ~ (;un·cuts of Jligll Fr<"· 
'iucncy, Jf wh ich t.hu followir!g is n s pccifi<:n· 
lion, rcfct-coco being hnd to the drawingsnc.·· 

10 cumpnnying an<l forming o. part of the sam~. 
In pl'c viouspn tc utsnod llpplicntions I havo 

xhowu nod tlCSCI'ibcd 11 onotbo<l of and apr•· 
ra,us for gcuernting electric currents of llic;h 
fi·C((U OnCy SUil.£1\))\) for thC prouuction Of VII· 

1 s rious no,·cl pbcnorucnn. such A.S illumination 
IJy means of vncullut-tu\Jes, tho production 
of ozone, J'{oenl~eu sbaclows, untl other pm·· 
poses. 'rue special nppnratus or lb ia ~har
actcr which I hnvc d evised for 11so with cir· 

>o c" its cnrryi n:; currents in tl•e natu re of those 
c lnsscu o.s uircot, or such as nre :;cnorally oh
t.xiuttblc (rout the orUiunn· circults usN in 
u.unicipal tiySt.eua::s of ioca"ndc::sccnt. li;:;ht.ing, 
is Lased upon the follow in:; principles: 

'5 'J'hu cuoq;y ot tUc dirc<.~ L·current supply is 
poriodicnlly d irected into antl •torcd inn ci o·· 
c uit of relnth·ely bi:;h sclf-intlllction, nnd in 
&ueh !oJTn is eu-aployctl to chal'gc n condenser 
or c ircui t ur capncity, which, iu turn, is 

JO c11use<l to thschn•·:;o th rough n circuit of luw 
&Olf· induc:Li<m cont...'\in ing IIICJ\OS whoroLy the 
in t.enn i ucn t cu rrcu t of discUar;.:e i~ raised t.o 
the potoutiKlncces!'lary Cot· proiluting nny d<-· 
~i reol effect. 

JS Consit.loring the cuud ation!S HCt·c~ry rur 
Lhc nt.t.cti n•ucaat. of t.lac"'e re:-~ults, thoro will 
l>o found, n~ tho csscnlinl clcmcn L• of U•o 
sy&tem, 'the supply·eircuit, from wlaicl• t.he 
veri~ie i Ul pU I~e.~ .nrc obt.niuc•l, nud what 

40 may bo J·cg:an.lccl ns the locnl l'ircu iLCJ, com· 
prisiug tho circuit of high sclC·iml uction for 
cbnq;ing tho comlcnse" nntl the c ircui"t ur 
low sol!~i n<luction into which tl10 COHtlcuscr 
tl i.schn•-gcs nutl wLich it.sol! ruay consti! uto 

45 the working ch·euit, or t.hnt coutni o in~ tho 
ac\·ices fot ntili.,ing tho cu.-rent, or nu~y Uo 
induc;th·oly re lntcc.l to a ~ccouda1·y ci rcuit 
whir.h coustilutcs Lho workiug circui t.. proper. 
T hese SC\'e1·11l circu its, it will uo un<lOIOJloO<l, 

50 u:.11y l>c JIIOJ'C or less \llto•:connoctcd; uu t fo•· 
purposes o£ i ll ustl'l\ liou Uicy mny Uo I'Cgru·c.lctl 
as }H~ctically dhstinct, with ;t c in·nl t·cou· 

troller for :o ll(\rnillcly CVJIIIOCtint: tho con· 
tk m;c.•r with th e circuit Ur which it is ehnrgod 
antl with th.n t into which it dis<:hRI(;C!;, nnd 55 
with n pri11onry of 11 trftnsfuru•et· iii the IRt· 
tcr circuit b!\\' ing ilq ~ccon•lnry iu thnt which 
contnins tl•e tlcvice.• ope•-.tlctl hy the currwt. 

To this system or co11tl>ination the in\'Cn· 
tion, sul-jc<:t of my present npplicntion, per· Go 
lAius, nu<l lHL.'i for il~ olJjoct L.o iJI'u\·i•lc a 
proper nml ccouo•nical mcnttS uf rc.~tllalil•a• 
tucrcfu•·· 

It i$ well kuo,rn tlJnt.O\'Cr.'' olc...:i.t·ic c il·cu iL, 
pl'OVidcd iLS ohmic t·csisUtoceducs uot.cxcccd 6 5 
certain tlcfinito liwits, hns :\ p<:'rioU or vilu·n · 
tiou of its owu aunlog:ous tu the pcri<ul of Yi· 
brot.ioo of 11 W<.'i~htcd ~pri n;;. I n order to'nl· 
ternntcly cLart!c a J~i,·cn circuit or this cJ.:u·· 
1\Ct~r lJy periodic i Ill pulses i Ill prcS<;Cu U}lOII it 7< 
nud to tl ischnr;:o it IIIOSt ciTccth·cly, the f rc· 
q nency of th e i m p•-c:>.<otl iluptt lsc~ aloou ld boar 
n llcfinite r~latiou to tho frequcu~y or vi\Jra· 
Lion JIOSSC!ISctl hy \hO circ uit itself. )lore· 
over, fo•· liko rcasous tho pco-i o<l or vil>ratior> 75 
of tho t.l isclu'l.q;c~i~u i t sii<Htld Ucn.r a similar 
n•lntion to tllo impressed impulses or t.Jao 
()('ri <Jil uf tho chnr:;in:;·ci ··cn it. Wheu tho 
eontlilions nro snch that tho gcucrnl Jaw of 
hn,·tnonic \·ilJratiuns is Collowe'tl, tho cil·cuit.s So 
arc snit! to 00 in resOnance vr in clectromag· 
notic ayncht'ODiSIU, noll this con<lit ion I havo 
fou nd in my syetc•u to IJo hi;:hly a<h·nuta
J:CU \l, . l!dn<·o in prnctico I adjust tho clec· 
tri<:nlconst.nutsof l·he cit·cuit.sso thnt in nur· 85 
uml ooomtion thi~ con<litio:t of •·csonauco is 
n pp:-ox imntcly 11t1ni uctl. To :>ecouoplish this, 
the nmni~l' or impulses or cuncnt. <li reetct\ 
inlo thG duu-gin;;·eircu it per unit timo is 
mmlo e•tnnl t,, tile pcrioll of Lho (•harging-cit·· 90 
e n it. it.s~lr, oa·, ;;cnct·nlly, to a luu-111ouic there· 
of, aml tho same relat.ions nrc wnint.'l.i ncU 
bclwcou t.ho ehnr~in~ nwl di~chnrgo circuit. 
Auy dcp:uturc from thi~ condition 'fill ro· 
suiL iu a llc<·J":t.~Nl output, nn<l Llois fact I 95 
t.nkc ndnwlf\bO of in rcgulnliug such output 
Uy \'Ht·yiug tho fL·O• tn~nc iC.Il of t.ho iuapulilC.'l 
or vibrations in tho sc,·c1·al circuilti. 

Inasmuch·as tho pel'ioc.l o! JUlY ~ivon eir· 
'~u i t tlopcmi::a upun tho rclntious of its r~h;t.,.. roc
nnco,sclf· intluct.iou, nu<l C.'l.p:tcity, n \'Atil\tion 
o! rtuy one or uwre uf t.hCMo mny rosult. in n 
Yl\riaLion in ita pcrio<l. '!'boro t.t-e thorcCot·o 
Ynl·ion• wnr~ in ·...-hteli tho frequencies oC, 
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"i Ora tJan of t ! :r- sc\·crRl circu its in t.hc syt'tcr.l eu il'>, ~hou ld he :'lpprox i rna t~Jy i n resouan c<: 
rcfen·cn 10 mny be , ·aric<l, huL the mo~tpri\C· or elect roma::net.ic ~ynchroni~m . Moreo,·cr, 
ti<:aUlc aud cllicicu t ways of accomplishing in or<h!a· to obt:lin the f!' rentcst output from n 70 
~ h e t11)~i l'Ctl rc::snlt nrc the following : (a) ''ary· gi n~n appnralns of t his kind, it. is dcsi rablc 
'n;; l,ltc ra te or t he illlpl'e.'!Sed i mpulses of cur· to lllltinlain lls high n ft·equency as possible: 
rent, or those which a rc directed f a·om the The e:.lcctr icnl condilion:::o, w hich :tru now 
~ou rcc of ~upt,lY illtot.hocharging.circuit, as wcllnmlcJ·stoo<l, kn·ing becu adjuslcd'Los t · 
h y ,·aryil~~ ·t hc s1kcd (J( t.l10 commu t..'ltor or <:m·c, as far ns pr:lcli<:~'ll consiUcratioas will iS 
ot ltcrcircui l ·conU"Qllcr ; (b) \·aryiug the sel f· perm it., ti • C!~C l '(:~ul l$. I ctTcct. t i •c r egulation 

~~·· inchu:tiou of t.ha ehcnging-ci1·cujt; (c) \':t ry· of t.bc system b_yadj!!Sling ilsclcmcrits so ~ls 
iug tJ:c ~clf·i nductioo nr capacit.y vr the dis- to tlcpar t. in a grca~.er oolc~ Ue~rec frf.ur-l b l' 
c ha r;!<>C'irCuit.. nbo,·c COJ •c.lit.ions with:.-:. <'orrcspull!liu~ vari ol· 

T •> r:::2'ulat'! the output. of a sing le cit·cu1t. t.ion of ootpnl. For example, as in F igure 1, Ar .. 
\\hid, has uo dUrntioo of ilM"' (\Wu by mcrcl? I I may ,·;u-y t h r. ~pc<'d o[ th e mot.!>1·, and ('(Jli· 

·s "aryiag it~ pcr~ud woulJ e·.:iUeut1r reftu irc, j seq u<:ntly ·o[ t.he toutn,llc r, in any :>nitahk 
ft"Jr :\lly e-xtend ed ran~c of r~gu ltt.ticm , :l Ycry mnn ner, c:s by mea ns of a rhcosta.t. J.. in n. 
' 'ide t ·:w:~<: c)f ' 'ariation o f [Jt~ciod; \.Ju l. 1n tht• · ~hunt ro s nch motor Ot· l•y sh irt in:; the poSi · 
::.y:i~~~m tft. :.. c~:-ibe<.l :1. ,·~ry v:ic.'JC' rA ng¢ of rcgn · lion cf the hru~l1cs on the mai n com1uutator x~ 
i~t.ioh of t itc <lUtp ut. may Ur. obtained by :\ J..{ of. 1hc molur or othcrv.:isc . . A ,·err slight. 

:o \·cry sligh t. \:hfl.n~c c'{ t.he frC•jU<;ncy of one of Yari:-\tion in this respect) h;: \\istur~i ug th<' 
fho cii"C':Jii.s wiH~H t h~~ a_bo\'O·HHmfion('rl rulos rc1~tions hct.,vcen the J"rttc of lmprc!;sccJ im· 
arc: Ob!;Ct">Cd. pulr.iC?.S and tho \'il.>r:'lt.ion of the circui t Of high 

In il l u~~rat.i on of ruy i nY<mtion I ha,·c sclf-ioduction iuto·wh!cl , they arc d irected , 9o 
shown Ly difi~rams in the accompanying caitSCs a. rnark<:U <lcpnrturc fJ"()Hl the conOi· 

"~S •1rawin~~g somt' of thctuOI'C!)r:tctical•lc mP.o\ns Liono[ rcsonnnccand a correspond ing rc•luc·· 
fo;· c~1. 1-rybg: ,.,o~ the 1::\.'\lltl!. "fbc li gures, as. t..ion in tho u1nouut of cn~•·sy Ocli Ycr~.:~•l by t iH~ 
r-;tnt.cd, arr. fling ra l,nnat.icillus Lrnlions of the imprCs.f)Cd impulses to tho .npp:watns. 
:->j'~tc.m in it....: I.':'Pic·:d fo rm provide-d wit h reg· A simil;l.r r('~ult may be s~eu rcU by modi - 95 
ulat in;..{ de \'iCl\s 0 f <I ill'c l'('!1 t specific chu rae- f yi u.:; any of t.ltc consta n Lo.; o ft he tocal <:i rcu il$, 

~.n tr:-r. Thc~c di~:~t'flt t:s \\·i ll be dC'scrib(•t,} in t.lc· ns al>o\'O inU icatcd. For example, in Fig. :.! 
tail iu l·hCi r orclor. the chokirog·coil ~; i~ showu !IS providc<.l "·ith 

Ja 0ach of the fl;;t!res, A fi <i"sigunto the nn a<ljustAule core N, by u.,, rnoYcntcnt M 
<:~uductors'of a supr. IY·Circni ~ of c~nt.iu u ous which into aud out of t.hocoi! thcsclf·i n<.luc· •o•> 
cu r rent; C= a moto r eonncctt!d thcrc~v it.h in tion , nnd ~tmscquc.ntly t ho period of t.hc cil'· 

.j) nny of the m;ual wn.rs a nd dri\' jnga curt'<'Ut· en it containing such coil, way be \'l\ricd. 
con trollr.r D, which sct·,·cs to nltcrnat.elyc lose As nn example of the way iu which tlte <l is· 
t he snpp1y - c ircui l· t h rough t..hc motor or 1:1.Jarge-ci rcn it, o r Lh~H iJJtQ which t.he con
t..l ,rou~h a s~lf-ind uelion coil E and to con- dcn!ie r tl isch;lr~c~, may t1c ntodifictl to pro· to5 
ncct. such motor·c:ir<:u it w ith a conOcnsc1· F, duce· t hc SHHlC result 1 l1ttvf'! sl.()w r) 'iu Fig. :l 

.~o the circuit of whi(:h t•f:'nlnins :t primary c-C•il ;tn ti(}justahlc sclf·iutJtH:liou c:oillt in th<~ cil·· 
G, in pro:dutit.y to w!deU i~ a :-.ceorHl:u·y .. co i l cu it. with the cond~.)nse r, hy t ha ndjust.nH~·n t 
If, S;cn•ing an t·hC ~ou rcc of supply to I..! H) w<.1rk· of whi~h t he period of vihl'atlon t)f ::;u<: h ("!r·· 
in~ ci,a:cu itt, or ~hnt. in which :u·c couHcclc:clnp cuit may bn chaug~~d . 11•"> 

Lhc dovicCs Ii 1\: for n t i1iid ng: Lho cuncni . The s~1. orc rcsuh,,\·t;ultJ. lJl! sct.:tp·(·d by var-y· 
..; ) The circu it-contro1kr, H. may 1.>1~ ~t.atccJ, is ing the C:l}):\Cily of the cowlcnscr; but. if H*"~ 

nny dC.\' iC(' which wi!l pennit. of a. periodic coucle.nst.·r were of J·cln.tivcly iar:;~ capa.ci ly 
ch:u~i ng of the-eoJI ~~n!Y!t' F b.Y lhc energy of this m is:ht be (tn ohj cct.iounh le p)an, and a. 
t.h~ cupply·cit'Ctiit.. and ils tlisC'harging into more pract.icablc metLoU is to (.!ruploy a vnri· 1 : .~. 
n d n:nit o~: lo w £clf· in<lu<:tion supplyiu;; di- able condense r in th e sccomla.ry or work ing 

S·' r~er ly or imlircct.ty the t.1·anslating: devices. c ircuit., as shown tn 1;-ig. ·1. As t.ha potential 
Jn:tRrH l:ch :l.S thc:Juurc~of supply is generally io this <'il'cuit. iS rniscd to a. h igh cJcg-rce, n. 
<Ji low _poLe,tial, it i~ u ndcsimblc Lo charge · cou<lcn~cr of Yery sma ll c"pnci ty may b~ om· 
the CQnd(lonscr Ui rcct.Iy thcre!roru, o s n con- ployctl = and if t ho two ci rc uits, primal'y a nd : zt> 
tl cn~~r of lar:;ec.n.pnci ty wiH·in such eases. b() sccontlal'Y: arc very intirnntoly and c los !!ly 

SJ t~q\t il·r.cl, } t.hCrC fOI'('Cmployn motor of h igh c.;ouw:.:cted t.hO variat ion of l::lp;H: it.y in lltt:. 
~clf .j :.duction, or in ph'!.c~of o:- in addition to $CCuucJa.ry is siwilar in its cffC'c\s t.o t.lw \':tri· 
such nwtor :t chok iu;.: o r selr-i!Hlndion coil nLiou of tLc cnpn.cit..y of tho condc;nscr iu t.ho 
E . t.o ~IOl'C up tho c»•i·gy of tho suppJy .. cur· prima ry. T have illuHt·ated ns :1 mea us '•ell ''5 
rent <li rt:ctcd icLo i> aud to dcliYt!l' it in tlH> a<lnpLe<l for Uds p urpose two metall ic plat ea 

(><> form of a high·[tO!ential discharge when Its S :5, adjusUll)lo to and from ~:1ch other a nd 
circuit. !s !nt~rrupted a oc! connected to t.ho c:;,n.sH~uting the t.wo arrr.atnl'cs of the cou-
tenni nat~ of t.he con<lcnsrr. dcu!icl'. 

In or·der to sccur(' t.hc g~'<~ale$t efficiency in I bn.Ye confinctl t.hc <iescl'ipticn he rein 10 1 30 
a syst~m of th i~kintl. iL js .essct>lial, n H I have •t source of 1mpply ot direct ~1\tl'frnt , as .Lo 

6s before st~i.t~d, tl 1 at. tJ•~ ci rcu its, w hich, mai nly 

1 

such the in\'cntiOJJ n:c., rc part.lcula.rly ap plies, 
s.~&. ruut.1·~1· vf (:uriV~HH'!.ot('C~ I hnv<' de:;,igunt.cfl hut it will bo undct't:t()od th:1t j( the system 
&s tht: c:<.·llnrgi n;;~' n nd t.l1c "Ui!)chn.r~C'' cit·· i.··~ euppHcd by per iodic hn pu:scs f rom ;J.JJ)' 
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source "loich will efTcrltho same results the 
re:;ul~tioa of the srstrm mar bo effected uy 
tbo method herein <l escribeo, nllll this tuy 
claims Are iatcnded to inrl uilc. 

5 \\'bat I clailU is-
1. T he method of rc:;uhttin&: tue enco·:;y de· 

1i \'Creel by" system for the protluction of hi:;;h· 
fre(ju~ucy currents nno compri~i ng A supply
ciscu it, " cooclcnliCr, A circuit th rough which 

10 the MillO d i~chnrges nnu meAOb for COrolroi
Jiog tbc chnrgio;: of the cou<lcnscr by tlte sup· 
ply.ci rcuit. nn•l the dischar;;iu;; o£ the same, 
tbc ~3itl tucthod conshttiug in varying there· 
lntioos or Uoc fr~qucncics or tho impulses in 

'5 the circuits compd~ing tho srstc'", ns set 
forth. 

~. The method of rc:;u tnting the cncr&:y <lc· 
li\'crcd hy a systciU fot· tile production ofbigb
frcqucncy currcut.s comprising n supply-dr

, ., cuit of direct current,, a cootlcnser ndoptcd 
to br char~:ed by tfto ~uppl,r-cireuil nn<l to 

olischor:;c through "ootber circuit, tbe snill 
method cousisting in varying the frequency 
of the itupulscs of current· from tho sunnh·· 
cit·cuit, ns set forth . •s 

a. The method of producing an<l rogu tat in:; 
electric en rrcuts of high !req u~ncy which con· 
sists in <Jirceting impulses fron• n ~upply·ri r· 
cult intO u. chnrging-circuit. of high sel!-ln· 
clu~tion, ~hnq;ing 1\ cooden•er uy tho acc u· 1o 

nntlalc<l energy of such ehRrgin~;-eircuit, dis· 
chargin;; tloo condenser through a ci rcuit or 
lo" sclf-in<luetion, rnising tho polcutinl of 
tho conllcnscr <liscltarge and vRryiog tho rc· 
lations of the frequeneie.' o f Lito electrical .>5 
impul5cS in tho s.'\ill circuits, ns herein s:ll· 
forth . 

NIKOLA T£~1.11. . 

Witnesses : 
M. ·LAWSON DYER, 
DRUilY W. COOPF.R.. 
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APPARATUS FOR PRODUCING ElECTRIC CURRENTS Of HIGH fREQUENCY AND POTENTIAL. 

SPECIFICATION !ormiog pnrt oi Lou.ere Pateot No. 068, 176, dated Septembor 22, 1806. 

Appliu\ioc £1od !pnl '22, l89S. S!ria1 So. 688.b3f, . l lic :tod~LI 

To all whom .. it nt.ay COII.CCrn: 
Be i~ k nown tllnt I, N I KOLA TESLA, a c·.i 1 iren 

o( t.he United States, r~sid i ng 1\t New Yo1·k, 
in the county and Stnt<l of New-York , have in -

S I' en tee! ccrt-~in new and n~efnllmprovemenls 
in ,\ppa•·atu~ for the Production of Electric 
Curren ts of llil!h F•·oqucocy and Potential, 
of which t-he following is a spc~ificatiop, rd
crcncc hcing hnd to thodrawing~ accom pnny-

IO ing and fo rtnin~ n pnrt of tho same. 
T he in,·entioo which forms the suhject of 

111y presentappliention is embod ied in an im
provement. on an electrical nppnra.tus in· 
l'entcd by 1110 n11d described in prior Letter~ 

15 P3tent, notably in United States i'•ltcnts No. 
462, 41 8, cl:ltcd No,·ember 3, 1891, and No. 
·154, 6Z~, unt.ed June 23, 18~ 1. Thi$ apparntns 
was devised for tho pu rpose of convert ing 
and supplying olectric~l eoergy in a form 

l o suited for tltc oroductioo of ccrtnin oo\·cl 
~Jcct.rical phcuofnonu whi~h roquirc currents 
of higher ·rrcqucncy and potential t hitn can 
readily or cvcu po'!-1ibly be developed by gen· 
cralor• of the ordinary types or by such me-

zs chanica! appl iances . HS were. theretofore 
kr.llwn . 'I'hc :\J)parntus, as a wllo1e, involves 
nlt::lliS f or ut ili1.ing tho inlcrmit.L-<:nt or oscit~ 
latinglliM~ha.rgc of thonccumula.ted electrical 
encq;y of n coodco,er or n ci rcuit possess-

JC ing capncity in what rn:1y he deaigmued the 
14 worki og "circuit, or that which con tai os t.he 
t.rnu::slnt..ing rleviees or those which are oper· 
ntcd by such current.s. 

Tue object. of my p•·csc nt improvemen ts is 
35 to provitlc a simple, compac t, and effective 

~ppnrntu~ for prodocing these effects, but 
t1dt1pted more particularly for d ircct. applica
tioo to nnd \lSO with c.xistiog circui t.a carry
ing direct currents, such ns tho ordinary mu· 

4o nicipal iucaodcscent-ligh tiog circnita. T he 
wny in which I accomplish this, so as to meet 

·the req u i remen t.~ of priiCticalnod economical 
opcrativn under tho condition~ present., will 
be understood from a general description of 

45 the apparatus which I hni'Odc l'iscd. lonny 
given circuit., which for pr~sent purpo~es may 
bo considered as conl'ey iug direct cunenta 
or those of substanti3lly tho ch:nacter o! di
rect or continuous currents nod which for 

~0 general purposes or illustration ·may be llo8· 
sumod to boa brnocb ordoril'ed eircultM:ro~ 
the mains from eny ordinnry source, I inter-

pose a devico or devices in tho onture of n 
chokiug·coil in orcJer to gi ve to t.l•e circuit,, 
high solf·indut.tion. I also prol'idc a cireui~- 55 
controlle r of aoy prope r charMt.er that .mny 
bo operated to mako su:d break said circuit. 
Arou nd the break or point of interruption I 
plnce a coudeoser or condensers to storo tbu 
coeq:ty of the discbargc-eurrtnt, nod in a lo- 6o 
cal circuit and io series with such condensor 
I place the primary of a ~rAnsformer, the sec
oudnry of which 'then becomes tho sou rce or 
t-ho c urren t• of high freq uency. ·It will be 
nppnrcnt from n consiuerati on or th~ condi- 6~ 
Ltons invoh·cd thntwero the ccnc\cnscr t.o be 
d irectly chnrged t>y the curren~ Cram tbo 
SOtii'CC and th en diR~hn•·ged ioLO tho working 
c ircuit:\ ,·cry large cupncity would o•·d inarily 
bo rC'Iui rcd, but· by the abovo arrangement 70 
1 qo current of high el~ctroUtotive forco which 
i~ induced a t each brenk of ~Ito mnin circuit 
f n rn ishcs t.he proper cu rrrn t. tor charging tlto 
condenser, which mAy therdore be small aod 
incxpenSi\'r.. Moreover, it will be observed 15 
t.hr.t ~i n cc tho scH·induct.ion of t.he circuit 
thrc.ugh which tbe condenser discharges, M 
well ns the capAcity of tho coodensor itaclf, 
outy bo )!iven practically any desireu value, 
the frequency of the d ischarge-c urrent may So 
be adjusted a~ will.' 

The object sough t. in t.his iuvcnl.ion may be 
realized by S[lCCifieally di 1Tcrcnt arraogo
mcnts of a.p pnratu~, but in tho d m win g!i hero to 
annexed I ba ve illuatratJ)d forms whi~b nro Ss 
typical of tho best and most prac~ic.~ble rucnns 
for carrying out tho invention of wbicb I nm 
nt presen t aware. 

Figure I is a diagrammatic illustration of 
tho apporlltus, and Fig. 2 a roodi ficatiou of 90 
thO S>UilO. 

Heferring to Fig. 1, Atl osigoatcsnnysourco o' direct cu rre nt. In any b ranc h of tho cir
CIJit from snid ~ourcc, sucb, for oxnroplo, ns 
would bo formed by 1hu conductors A" A" 95 
from the maios A' anti tho cond uctors J\ K, 
arc pt.tced self-induction or choking- coils B 
B nnd a circuit-controller C. This lattor 
may be an ordinary metallic disk or cylinder 
with teeth or separated segmonta D DEE, of 1oo 
which one or more pairs, as E E, diametrically 
opposite, are lntejlral or in electricAl c_ont..~ct 
wJth the body ot tho cylinder, so that whon 
the oontrollor \i lo tho position in \<hicb tbo 
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' two brushes F .F bear upon two of said seg-
ments E E tbe.eir·cnit through the choking· 
coils B will be closed. The segmeuts D Dare 
insull\t<>d, and while shown in the drA-wings. 

5 a.' of sub~tnntially tbe samo length of arc as 
. the Aegmonte E l!: this latter relat ion mny be. 
var ied at will to regula te the periotls o'f charg
ing and dil!cha;·giug. 

'l'he controller Cis design eo to be rotated 
10 by any proper device, such, for example, as 

an electromagnetic motor, as shown in Fig. 2, 
receiving current either from the main source 
or else,vbere. Around the controller C, or in 
general in parRllel thercwith, is 11 condenser 

J 5 H, and in series with t he latter the prime.ry 
K of a transformer, the secondRry Lof which 
constitutes tho source of the currents of high 
frequency which Ipay be applied to many 
usefu l purp?ses, as for electric illumination, 

zo the operatior. of Crooke's tube~. or the pro
duct.ion of h igh V/lctia. 

r: indicutcs thu circuit from the secondllry, 
which may be regarded as the working circui~. 

A more com·en ieut and simplified Arrange· 
~5 mont of thet~pparatus is shown in Fil,!. 2. In 

this cnse tho small Juotor G, which drive~ the 
controller, hns it.. field-coils Ia dori\·ation to 
the main circuit, and the controller C and 
concleosor H nrc in parallel in tho field-cir-

JO cui t between tbo two coils. Jnsuchcasa tho 
lield-c.oils l\f tRI· e tho place of thu·chokiug' 
coil:s H. Jn this a.rr.ttngemenr, uuu in fact 
gonornlly1 it is preferable .to u~e ~wo eon· 
c.lensers or a cooden~er in two plll'ts a.nd to 

35 a r mu;;e the priJunry coil of the tran6former 
between them. The interruptions of the 
field·cit·c uit or the motor should be so rapid 
n:; to per·odt only a partiul dem11gnetiza~iou 
of th~ cores. These latter, however, shon ld in 

4 o this spedfic arr-nngeroent be Jaminut.t:\<l, 
Tho nppnrntus, as will now be seen, cqm

prises, as esscntinl elements,'cho-kiog-coils, n. 
ci rcuit · cont.roller, weans fOr rotating the 
~nme, acoodeusCJ·, und n transformer. These 

~S clements may be mechanically llSS<>ciated in 
IIUY convenient nod co:upact form, llut ijO far 
as their ~;enernl nrrangemcnt and relations 
.arc concerned 1 pref~r th e rcln!ive disp<'Si·· 
tion illustrlllcd, mainly bee.~ use, by reason of 

:;v their symmctricnl arrangcmoot. in . the cir· 
cuit, t he li><biutyof iujur,Y to tho insulation of 
any of the devices is requccd ton miuimum. 

I do not menn to imply by the ter1us 'lm~ 
ployed iu. descrilling my improvemcnls that 

55 I limit myself to thfl nse of the precise de
' i ccs commonly dooignatcd by such terms . . 

' 

For instance, the choking-coil as 1\ di~tioctivo 
device mny be wholly dispensed with, pro· 
vided the circuit in which it must otherwise 
he plnc<>d have a sofficiently h igh self-indue· 6o 
Lion produced in other ways. So, too, tho ne· 
cessity of a con:ienser, strictly spee.king, is 
n,·oided whet• the ci rcuit it.solf possess"" auf
li¢ieot capncity to Accomplish tho desired rl'-
StllL ~ 

Having now d~ribed my invention and 
the manner in which tbG same i~ or may bo 
carried into practical effect, what I cla im iR-

1. The Bpparatus herein described for COD· 
vertiog" direct c11rrenta into curTonts of bi'gh 70 
frequency, comprising in combination a cir· 
cuit or high aelf. induct.ion, a circuit-control· 
ler adnploo to mnke and break such circuit, 
11 condenser int<J wT1ich tbc said· ci rcuit d is· 
charges when interrupted, and a transformer 75 
through the primiiTy of which thG conden~er 
discharges as set forth. 

~. Tbo combinll.tion of a source of direct 
en rrent and a circuit therefrom, choking-coils 
to said circuit, means for making and brel\k· So 
ing the circuit through said coils, a condenser 
around the point of int-erruption in tbe said 
circuit and" tmnsformor hfwing illS priml\ry 
in eircuit with the condenser as set forth . 

3. Tho corubin.1tion wit.h '" circuit of b igh Ss 
self. induction and men.ns for mnking and 
bro~>kin~r the same, of n condenser nround tho 
point of intorruption in the said d rcuit, :\Dd 
A transformer t.ho prim~>ry of which is in t he 
concleoser-ci rcuit as described. 90 

4. The combination with ~>ci rcuit of d irect 
current and hBving a. high solf-induction, of 
a circuit-controller for mnking and bt'e.ak ing 
said clrcuit, n motor for d riving Jhe control 
ler, ~>. condenser in a c ircuit connected with 95 
the first around tile point or interruption 
therein, aod a ·trnnsformer t he primary of 
which is in circuit with the condenser as set 
fonh. 

5. Tho combination with a circu it of direct 100 
current, n controller for making ~>nd·break· 
ing tho same, a 0\otor having ite. fiol<!-mag
nets in said circuit and d riving the 5ni<'. cc.iu
t roller, a . conden.er connected with tho cir· 
en it a round the poiut A int~rruptiun the rein ''" 
aud a transformer the primary of which is in 
circui~ with the condenser as ~et forth. 

NIICOLA TESLA 
Witnesses: 

EDWIN B. HOPKINSON, 
M. L·-'''60" nYF:n. 



P-235 

( No Mode l. ) 
N TESLA 

2 Sbeets-Sbect 1 

APPARATUS FOR PRODUCING ELECTRIC CURRENTS OF HIGH 
FREQUENCY AND POTENTIAL. 

No. 568 ,176 Patented Sept. 22, 189b. 

f.({!. l 

l 

T 
~- <(J:J::.==::==:::cl )r------1 

. 

L ' 

l •... 

/{ 

A• 

,.-.'1" U 7 
. \.K 

(~~· 

jJ 
F. \ 

,_) -o c 
f-.-> (-

~v4 
L ' 

F r . JJ . 

~ '-
1 

,- J r-.--:-

- . 

if 
.L . 

-

r-r 
. 

11 t~ 

~ ... 11 ..N 

. 

_.J' 
H [).) 

A 

#iA-ok2l:.rla, In..oen.tor 

oy/~.~~~-
4/t~ 



P-23o 

' 'lo ModeLl 2 Sbeata-Sbeet 2~ 
N. TESLA. 

APPARATUS FOR P~ODUCINO ELECTRIC CURRENTS OF HIGH 
FREQUENCY AND POTENTIAL. 

No. 568,176 . Patented apt. 22, 1896. 
J;Lg. 2 - fl'~ 

---~H 

z· 

lt'/Tif£SS£$: 

k-~~&7\>\/ 
~~13.91~. 



UNITED 'STATES P.ATENT OFFICE • 
.. 

. 
1\lf\OLA TF.SLA, OF NEW YORK, N. Y. 

·-·---~ ... 
M[Jfi00 Of A~O APPARA TUS fOR PRODUCING CURRENTS Of HIG!I fREQUENCY. 

S!'ECIF!CATIOS fo>r'!'ior ~-t of Letten Pat.ent No. ~68.179, d ated Sep~m~r 22, 189U . 
• 

I.Hl.cul~' 6f,.: Jc.l1 G,l896. & rial No. ~91.130. ' X• =~llJ . ' 
-~ 

Tu a llwillil>l it u-,.O.y conc~ru . 
He it known thnt I, N t .-OLA 'l'!:'>L.I, n d t izcn 

or the Unilcd States, rcsirlir.;: M 1\cw \'ork, 
iII the COUll ty 1\lld State or New york' h:L\'e ill · 

s \'Clltcu ccrlaiu new nod uspfullmpro,·cments 
in Methods of and Apparntns for Producing 
C:urrcnts pf lligh Frequency, of which tl•e fol· 
hl\\'iug i8 n spc-cific.atioo, refel·(~n~o being hat! 
J•) 1 he Urawin;!S accompanying nnd forming 

'" n p:lrl nf the same. 
The RJlf'~I'Utus for producing ~IP<:tricnl 

l·Untut:l of ,·cry high frequency in wbieh 
l> I.'OIOOcJicd the invention or In}" preS<'IIt 
:•pplicntiou inn1h·es ns if~ chief elemPnt 

1,; '"~"us furlhe period ie charging I)( a condenser 
,\II" <.'ircnit po:sscssing C:l\lJtl~ity by tllc <.'ncrgy 
Ill 11 &i\'cu ~onrce nnd the clischnrg•: uf the 
sum~ tlHou~h 1\. ci rcuit. of low ~elf·ind uction, 
"'hti'Cl>y the rapid' succession of hnpnlRes 

20 chllrllct~rU.Lic of a condenser discharge under 
such circu!llst:lllces is mnllo 1\l'~ilablc for 
.n>any pmeticnl· :m<l useful purpo.se•. . 

'fhe gcuer:ll armngen•ent or circu iL~ and 
appar:ltus 1•:bich I prefer for ordinnry appli-

•5 cnt!On$Of this invention l h:we ~hown and de· 
scribed in (ln npplicntion filet! by meApril2:!, 
IS~G.Serinl No. 5$::>,53~. as conivri&iug a local 
cireultof high s~IC-ioduction connr.ct~>d with 
n source of supply, a conrlenser, ''discharge· 

30 cirCUit Of low S~lf-iuductioll, nn\l II cii'CU it· 
controller opN:ttin;; toallcrmuely effect· \he 
chArging of 'the cuudcuser by the euet·gy 
stored iu the circuit of high self·iutluctiou 
nud its di>d.:u .. .;e th ron;;h that of low self· 

3: ioUuction. I it:t\·c S:hown, however, in the 
"JIIIlicntion referred to AS the sourt'C (If sup
ply :l continuous-current ;enerntor, or in 
gcncml a SOttrce of direct current:!, anti wbilc 
t he principle of operation au<! the gcncr11l 

40 eLaractcr of tho app:mnus remain the sRme 
whether the current of tho sou reo 00 uirecL 
Ot' 11ltomating, yet t he cconomicnl utilization 
of the latter iuvolve.scertain speciAl principles 
:,ud .. ppliaoces which it is DIY present objr.ct 

IS to illu~trRt.e liS the bnsi~ for the clnims of in-
, ·cutluo made herein: · .. 

When the potential of tho source periodie
nlly rises and falls, whetber with l"eversala 
or· not is immaterial, it" is essentiRl to ceO"" 

so nomical operation that the int.en·als or iuter
l'll lltion of the cltllrging-cur~ut should bear 
n 1 cfinitc '.ime _relat-ion to tho period or the 

c.:urr('llt, in ul'tler that the e:fcttin~ potential 
of the impulsrs chn1-::iug the cvndcnscr tuAy 
Ire a' high a~ possiLk I therefore III'OI"idc, 55 
in t·asc un nltcroatins or ert uiva lent electro· 
molivo fot·cc be ewployed as the source of 
Hupply, n cit·cuit-coutroller which will inlet·." 
rupt tho tharging-circuit at instnntJ; pt·ctle· 
t.crmiuc:d wilh refcrcntf' t.o the \':lt·intinos of 6c 
poteutial therein. 'fhc wost pra~ticnble: · 
mPans for nc('umplishing this of which I nlll 
nw:\rt is to ern~Jlo~· a syut:hronuus motor con·~ 
ncetcd "ith thu sourcevf "'fll•'r nnd overnt: 
in_!; u circuit·cvntrollcr whirh intctrUJJls tbc .6s 
char~iUc;"·('Urrr.ut at or aitoul tile ins tnnt o( 
hic:laest J,KilCnlial o[ ~;\dt wa\'C ntul pcrmil$1 

the eom.hnaS1:r to tlisch:u·~c· 1 he cucq.:y Sll)t•c,\ 
in it. th rou~h it.i apprtlpriatc t·i n:uit. 'J'his 
app11rn lufl, Y.hich l~~< l )' lJ(~ t:ou!' itlcn·od ns t.ypi- 70 
cnl of th e '""""s etuplorcrl for c·nrrying out 
the hi\'Cntiuu 1 I hn,·c illtt...,lJ';\tct1 in tllo nc· 
compnnyinc; drs~wiugs . 

The fiS"ttr~'~- :tro d ia;.:ra uuun tic i llust r:\ tions 
o f the ~y..,tcm iu ~li;,:htly-uuxlificd fur1m;, Ancl 7S 
will oo ducr•~d iu detAil in their ONier. 

Hcferrhtl to l•'ignre' I,.\ tlcsic;nates Rnr 
sou rc~ nf nlteruntin~ or ~·tuintlcut current: 
frum which lc:ul off m:tins A ' .A. At any 
point where it is d"'irc<l t.o produce the lrigl1- Ro 
lrC<jiiCilt')' I ' ll rt·c•Ut!, II Uranth tl I'CII it U !~taken 
nfT f 1om the nndt1~, an\1 in Ul'dee· to rni:)U the 
pOtell,h\1 O{ the CIHTCH ( a traiJS(UrJUCI' i~ CUl· 
ploy~d, rCJII'~'ICII[C<l loy the prinllllj' (.; 1111J 

se~.oudury 1>. The circnib of the socontlary 80 
ineh.des the cncrgizing·l·OiiS O{ A srocbro
IIOUS motor r; aud a rircnit 4 contrt.>llor, which, 
in t-he present ih!oot:uu:<', in J."ig. t ·is slu"''-n cds 
composed or a wet-~l.dbk F with in•ulnte<l 
segments F ' in its pcrl'plu:ry and fixed to the 90 
shnrt of the motor. Au insu1ntiu::o-nrlll G, 
st.4tionnry with respect to the· .lllvlor-sbitft 
nnd adjusti\Lle with reference to tLa pules of 
the fixed llliiJ::ncls, c:u·ries two brushes Ill!, 
whi~h beAr upon the J><l riphary of the disk. 95 
With tho parts thns amtngell th e secondary 
eio"tuit lA comr•I~IPcl through the coils or tbe 
motor wbonc,·e r I he two brushes J"est jlPOn 
the unlnsulated :;t'gtneot.9 of the <lisle aua in
t.erru('t.ed tLrough the motor fit other tiwu. 1co 
Sucb" motor, if properly constructecl, in wuU· 
understood ways, maintJ;ins .very CUo()L syn
chronism witb tbo altemtions of tho souree, 
notl the arm G may tbere!oro bo ndjnstod to 
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i uterrl1pt the <'U rrl'nt at af: y detormioed point 
in il$ ,.,,·es. h "·ill be understood that br 
tho prupcr rt'lations or insull\tc.l an<\.con
J.uc ti o. segm ents nml tho motor·pole.s the 

s t'U I'ren t mny be intcrrU}Ited twice io each 
cowplcte ><ave at or :>bout tho point& or bl~b· 
est P<>l• nual. The ,;olf·iuduct.lon or tbe dr
cuit cuntainio)! tho rueter and controller 
~boul<l w bi:th, nnd t.h~ motor lt<!eU will 

oo utn~ U•· be ~-unstruct-etl in sueb manner tbat 
un· ot h~r •elf· iuductioo d~1·ice will be needed. 
Tit, ,·ur,..~~· st"red in tbis circuit is utilized 
1\l NCio break therein to cb,.rge a eoudenser 
1\ . With th>~ ol!.ject the terlllinals of the 

, s ,•ow.h:U;)t>r ure connect.ed to the twv IJrushes 
li II unu points of the circuit ndjnc"tnt th~re· 
to. ~(I lht\t "'bea the <'ii'<'Uit through the mo. 
tor>< iuten·upted the terminal~ or tho motor
circuli 11·ill u~ connected with tho condenser, 

•o whereby the latter will re<'Oivc tbo high -po
tenUa l indueti\'C disrhft.rgo from lh& rnotor 
or set:vnc\urv c·ircuil-. 
Ia The \'OIUJ~nst"r disclulrges into 8 carcuil or 
low .:.tiC·Indu•·tion, ono terminAl of whicb is 

1s eonntcftd dir~c-tlv to n condeuscr-terrniual 
1\nd tlo~ or her t.> tho bru•h II op[)O"itc to tbut 
ConHect~tl with the otlu~r Cl)ucleust:r-tc•·minnl, 
KO 1 IH\t 1 Ill' () iscl.un~c-eircu it of I he conc.lt!nSt' r 
wi H be com ph:1 t'd · si nlllltauc\)usly wi II• t h<: 

JO tu •HOI'·l•ircuil 1HHl iutennpted while the mo
t~r·(:irt•tnt is. Urokco 1\ud thcr.otu1Cn$(lr boin:;: 
chMgecl . 

Thtt tlischnrg:c·rircuit <'On lx iu::s o. priuuu·y 
M u(" few tunll'>1 an<l this inclurc.s inn sec-

JS ondnry ~ ilupnl..;.r:' or hic;b potcoLia.J, which 
by rea!rthn o( thf.'ir great ftet)'H:ney nrc ~wail· 
alllt ror the opordtion or V~CUUUI•tubes P, 
Aint:lc torrninal -l:unp~ H. RUt. other non•l sod 
us~lul purpose~. 

4 0 lt is ob>"iut!S thnt tho supply·Cllrrcut ueed 
H•H Vu aitet·n;lting, JU'u,·itled it be CtlH\·crted 
or trAasformerl into an nlt ernating cur•·eot 
UP f orC\ rrtH: hi n t: 1 he <':tHl' ro II or. For c~x ttw 1-•le, 
tit~ pr~sl'nt ilnl'rovemc>:l~ nrc npplicnblo to 

•S · vttriou~ forms of rotHry t.rnntsroJ'mtrs. as is 
illust.mt•J in Figs. 2 IUIII a 

£ ' dC'~i~mllcs R continlll\US·<'Uri'<'Ilt. nu>tur. 
here rPp rrsent.(lotJ a~ lu\\·iug four lichl-pvl<-s 
wol!nd with coil:\ t-:•· in shunt to lb~ arm:lLHI"e. 

so· The line· ,.·i r~s I! 1.1 c"uuc('( with th<· hru~hcs 
b IJ. be.:uiug on thn i'•sual C"utnnlutntor. 

On an ~X tension or the lnutor-~hRft;is fL cir
"cu it·cnn trul ltr compost< I of 11 c rli noler the sur
ffl<·e of wh ich i• di ,.;,Jed into four cond uNin ·•· 

SS aegm(\nt.s r tun! tour in~ulntint;·Sctrmcnt.'< d, 
th & (c)rmer l1Pi ll~ diulll(\1ri t·ally ronHC'ctctl i u 
pRirs, H:f ~hO\\ n in Fig. :~. 

'J'fn·ough I11C slu\ft. cuu 1\\0 iusulnted <'011· 
duc1ors ~ t frotn auy two C(lmmutntor-se;.:--

~" t•Jent.s ninety dc;:rees npMI.And tlteaeconuecL 
.,.,, t h t lie two t•:• irs or s:ogrul'ul -c c, rcspecth'(\ly. 
\\"ilh 1uch Rrrn"lg:<"meot it is O\'idcnt that any 
twoadjerent scRmcolS ('C brcome the t.er111i · 
J)A II or 1\0 AH.OriiA1 ins·<'ll rrcnt 801H'("C. so that 

65 ltt•obrotbes II llooapplicdtothopcriphcry 
' 'I( tbe cyJliJ<lur thOy w llltH k Colf CI'HCIIt dnt·· 

Jog such portion of the wa.vc M the " ·idth <>f 
srgmout and posttion or thr bt '"hcs mny·uc
termioe. l.ly adjusting tbe position o>r the 
brushos relatirely to tloe cylinder, there fore, 70 
tbe ftltcroating cu rrent delivered to tho seg· 
ments c c rn11y lJe in~rrupted nt any point in 
its \('I),\' elt,. 

While t J,e llrnshes H H :.re on tbo coud uct· 
ing·IK'gmeo~ tbo current which t.hey collect 75 
storea energy in 11 circuit ot bigh selr-induc· 
lion rormod by the wires f f, selt-inductiou 
coils S S, tbe conductors n 13, the brushes, 
and CO>nmntator. Wben tbiscireuit ia inter
rupted llythebrusbcsH Hpassingontotbein- 8r 
sulntiug-~gment.~ or tho controller, the blgb· 
potutial dl~bar.;e of Utis circuit cha rge., tho 
condensers K K, which thAnd'-"obarge through 
the circnlt or low selt-induotioo cout.niniul!' 
tho primary M. Tbegecondarycireult N con· Bs 
t.Aius ony de•·lcos, ~ P R,forutilizlng 1 he cur· 
r~nt. 

Tho lDOCbllni~nl construction or lhc circnit
t·ontroller rua .• be greatlyvaried,11nd in oth~r 
<~>Spects tbe dot nils shown :>nd described "re ?0 
merely given as typical illcstn~tious of the 
naturu nnd purpose or the in•·tnlic.n. 

W hnt T elahn is-
1. The method herein described or rwoduc· 

in:; c~cct ric emrcota of high rrequc ncy,wlz1ch 9S 
<'Onsist.s j u tcrwrating an n!torna.ti ng en rrcnt, 
chKrgiug a condenser thereby dur·ing <lotcr-· 
minato lnt.ermls or each ><a1·eof &ai<l curr-ent, 
11nd di~d•~rging tbe roodenscr Lhruugh "eli·· 
cuit o! lo.vselr-ioduction, liS horein Mt fonh. too 

~. The comuinlllion ~<itb "source or nllcr
nnting cu rrcut., a <'Ont1euser, a <"ircuit.·con Lro.J· 
fer adnpte<l to direct the current dur·ing de
torUli nate intor,·nlsof each wave into the con· 
denser forcba!1iit>g the Slime, nnd 11 circuit o( ros 
low self-inclucuon into which the condenser 
tlisch11rges, OS Silt rorth. 

3. The combinRtion with II source or l'.lter
nn ling currcnt,n syncbronous motorot>eraf..cd 
thcr·oby, 11 circuit·con Lroller opernto<l by !·he t 10 
motor nnd adaptl'd to interrupt "tho cireoit 
through tho motor t<t dct.erminMe points In 
CKCh wm·c, 11 condenser coooecled with t ho 
motor·rircuiL ~ud adapted ontheinU!rr uptlon 
of thCS.I\liiC to recci ve Lho eoergysto~ there· us 
in, nnd 1\ circuit into "'hich the oond~necr dis
chn~ts, no set rortb. 

4. The cvuthination with 1\ I'OUrce or alter
nnting current, 11 chllrgin~--elrcuit Ia " Licll 
I he PIICfl;.\' cor snitl "cu rrent IS stored, II cireu it· 120 

ctoulroller ndnpted to interrupt t bo charging· 
cir·cnit nt detcrnoinlll<l point.s In each I<"BI"C, a 
eoutlouscr I.>•· receiving, on tho Interruption 
of the chnr<,:in;:·circnit, tho energy 1\Cenmu· 
llltc<ltherein,nnd" circuit into ~Yhinh the cou- 125 
dcnS<'r di>chargcs when connected therewith 
by tloc circuil·coutroller, as set for-th . 

SlKOLA TESLA 
W •tncs.scs 

M. l.A WSOII DYF.r>. 
Dn>. ltY W. Coc•PEtt. 
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r,, all lvhmn it 111<1.11 ruuct:rn.: 
Bt~ it. kuown t.hat I, N rKOLA T~SJ.A, n.c it..i· 

zen or th•1 U nited Stales, resiu i~ at l\cw 
York, iu t~·o o.onnty nntl St~ltC or New York~ 

5 ha.v() iu \'C!ntecl ccrt.ain n ew and use ful lrn· 
p!-ovemcnt-G in l\ ppurat.us for Prod uci ng Elcc· 
tricnl Curren t..~ of lligh Frc<)llcncy, of wllic·h 
tho foll9wing is :t sp·ecificntion, referonce be· 
ing h:1d tO t.hl) d rawings nccompnnying nnd 

I 0 formiqz 1\ pnrt of the 3!\!Ue. . 
This inventioa is nn iwpro,·owent in np

vnratus for producing elcct.ri~a) currents or 
hi~i1 frequency in ncCOL'dt\uce wiLlt the gen· 
erA! pl:\:1 hcrotofore· iuvonte<l n nd p1·neticed 

1$ by me nud bnscd upon the principle of chars· 
iD2' n conueuser or circuit po!'Scssinl)' cspRcity 
an•l discharging the same through a circuit 
,,r low ?Clf-i uduction, so that 1-,piu elcc~rical 
oscillnt-ious are o!Jtaiocd. 'l'o seeuro this rc· 

zo suit, I employ some means for intermittently 
charging tho condenser and for discharging 
i t througli tho circuit of low sclf-iuductiotl ; · 
and nmonr; tho mQIIns wbicb I hn,·~; bo1·ct<>· 
fore employed for tbi9 purpo~o wM n lliC· 

, 3 chanic:ll cootnctdevico which controllcc.l both 
the chargiug and tho discharge· circuit in 
suci1 manner that the condensor WI'W niter· 
nntcly charged bv the former nnd discluugeu 
into the lRtt<>r. 

3o J\ly present. impt·ovomc ut. C<?HSists in nn np· 
p:u·atu" !or etrccf.ing the same result by tho 
u!iC of aci rcuit·controller of spcclul chnrnct.er 
in wh;ch t-he continu it.y of tho pat-hs for tho 
current is established at intorvnls by tho paS· 

35 Si\!,(C of sparks A.Cross a dielectric. 
ln carry ing out my present improvement I 

employ r. eircuit-CQlltroller containing two 
termi n al~ or sets of terminals movablo with 
rcspc~L to each o~he.r into nnd on~ of prox· 

4o i111i ty, a.u.'l I pro\·idc mc-An.s whot"Cby tho in· 
tcrnls between the ~rioilil of closo r.pproxi
mation, {lurinu- which the flpl\rk p~q, mny 
lJc aclj u~tc<.l so I hat when used in :i system 
s upplied by a :sou reo o( alt.c1·nnting cu rrent. 

•15 tho periods or makcnnd bycnk mny bo t imctl 
with rcfcr<)Jl Cc· to :\ phnscof tho en .-rent wavo 
Or i II) )Hl iSC". 

Hcfc:-l'i ng to l he d r:\ wings, ..,,_.h ich i ll\lstn\tc 
iu it s ploefc.E.ted form the imprO\'<:.mcnt n\)O\'C 

so t·c fcrrc\1 to, F ignro 1 is a view, part.Iy in clc· 
vntion and pM.rtly in section, of a. gcnot·alor 
· nt'l'angcd 'i.o gi ,·c..;m alt.ornatihg ct;rr<!n t with 

2n Nikola Tesil 

the · ci r~uit-controllel' ' mounted on its shaft. 
l•'ig. ~ is t\. sc~t.iou o f the coctrol1<-r of }t'ig. 1 
on line :r x of !'<Jitl fi gut'('. · Fig. 3 is f\<li:V"'rl\m ss 
illmslJ·ini ns;r tho s.\·stcni or apparatus ';.s n 
whole. ··· Fi;.:-s. 4- Ruc1 5 ru·o sectional vi<!"":! (,f 
II mouifictl form of drcuit-controllcr. 

A desiguatcs in Fig. 1 a gcncrntor l.Ht\'intT 
a com ~t a nt~Hor A' nuU bruslle!) Au . Uc.'l.ring 6o. 
thereon , nrul nlso collecting-t·ing>; n B, C1·om 
which nn alt.crual·iug cUJ·rent i!:J taken ,hy 
brushes ll' in t ho wcll-unc.lcrsloo<l m:\nner. 

Tho circuit-cont roller is monnt~u in pnrt 
on an cxtcnsior\ of the shaft C M thc.gcncr- 65 
:\tor, nn<l in pnrt on t he f1·nn1C of tlu~samo · 
or on n stntion;ny sleeve Eturrou11d ing th~ 
Shr:.ft. ltscoH~Lruction in t1ctail i~:\SfoHows : 
!J i~ n met a I pia tc wi Lh n central hn b D', which 
is kcyec.l or clnu>(leJ t.o the shn[t. G. Tho plato 10 
is Corant:::d with se~ruental extensions con·e
spondiug in tlllmlJea· to thf! wn\·ca of em·." 
rent wh ich t.ho generator <1clh·c1-s. Tbcso 
segrl)ents 01'(\ prc(ei·Jtblr cut n.wa.y, lea\'ing 
only rim~ or f1·nmes, to ono CJf tho rall i:\1 sjcJcs 75 
o( which 1\rC S<>Cu ret.l bent. metal pl:tlCS E, 
wh ich se.r\'C l\S ,·ancs to mnint.nin :\ circu1n· 
tiQn of ni L' when t 1ae dev ico is in upcr:at.iou . 
The S!cgmcn~\1 disk n.ud Ynno.s nrc cont:li oe-<1 
within n close i nsu lnte<l l>ox Ol' ca..<:c F, "' onnt- ~o 
ed on tho bearing of the gcnertLtor, or in any 
o~lu~-· propel· way, but: sons to be capable. of 
ang:ulnl' atljustmcnt around t.hc sltaft... 'J:o 
facilit.tto such :u.ljustment, a scrcw·rO<.l F ', 
pro,·idcd with ll k>loi.l or handle, is show n ns Ss 
pi\SSing through t he wnll of the box. Tho 
latter rnay be 1\djustcd by this rO<l, anu when 
in [li'OJ>el· position may bo b~l<l thcrciu by 
scr-ewing t he 1od dowu into a depression in 
t.ho sleeve or hc.nring,aasltowu in Fit;. 1. Air· 90 
1"'-'<AAgc.q G G :nc providc<l nt opposite cn<ls 
of t.ho oo~, !hruugh which nir is m~in l:\ill(..'(l 
in ci1-culntion \)\· tho action c.f tbc YilltM. 
Throagh the •i'dcs of t ho box l' :\uu through 
i nsul:\t jnJ.)·gnskcts JJ, when the. u1 atcr ial of 95 
the \><•~~ l~ not n sniliciently g0utl iusulato1·, 
cxtc,lHl 1n<:WHic terminal plugs I\ K, with 
their end:; j u t.lao plane of the conducting 
•e:;Ul~Htnl disk 1> twd adj ust:.blc radially ID· 
want nn<l ft·om the edges of the segment:>. 100 

This or ~i111 il ar <lc\'lccs :u·c cinployl·d t.o cnrry 
out the inventicn nbt.l\'0 referred to in the 
wanner ill\lstratctl in Fig. 3 . ., .. \in tllis fi;;urc 
rcpl'c-scnt.s nny som-co of altcnJ:lting <·m·rcnt· 
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the potcuti~l of which is raisad 'by 11 trans- ' from il8 edgo parallel with tho axis of the 
former, of which a is U10 primary nn<l u Lhu shaft. II. simi111r disk D" on a ~pindle d, in 
~~contlary. 'l'he ends of tho secondary cir· face of tho first., is mouuted in a bc:.ring ill 
cu!t Saw conMClcd t-o Llle terminal plugs K the end of tbe .bo~ F with n ~apability of ro- 55 

s !{ cf an apparatus similar to that of Figs. 1 tary adjustment. · Tbo ends of tho projec
and ~ and having segments rotating in syn- tions cl' 1\tC deeply serrated or several pins or 
cbronism with tbGalternations of tho current narrow projcctious placed sl<le by side, as 
source, preferably, as above described, by shown in Fig. 4, so that as those of the oppo· 
being mounted .on the shaft of the generator site disks pass each ot-her a rl\pid sucee.~sion 6o 

•o when the conditions so permit. Tbe plugs of sparks will pass from the projectio:~s ot one 
!\: K are th~a adjusted radially, so l\S t.o up- disk to those of the other. 
pronch moro or less the pr.th of the O\ltl\1' What I claim as roy invention is-
edges or tbcs~gmental disk, and so t hBt dur- L T he combination with a source of cu r· 
ing the pMsnge of each segment in iront or rent, of a condenser adapted to be charged 65 

-: 5 !\ piug a spark will pass between them, which thereby, a circuit into which the condenser 
completes the secondary circuitS. The box c.liscbnrges io a series of rapid impulses, and 
or thn supp(irt for the plugs K is ndjustcd au- a circuiL-coutrol!cr for effecting tLe cha,.;iog 
gularly, so l\S to bring the plugs and segments and discharge of said condenser, composed of 
into proximit-y at the desired instants with conductors moval.lle iuto and out.of proximity 70 

:o reference to auy phase of t-ho current-wave with each other, whereby a spark may be 
in the secondary circuit an<l fixed in posi- maintained botwecn them and the circu it 
tion in any p·roper manner. To the plugs closed t-ho•·cby <luring detcrutincd intervals, 
1\ K are a leo connected t.hc terminals of a con- as $et forLh. . · 
;Je~oser or condensers L, so that at th~ instant 2.' The ccmbinnlion with a source of alter- 75 

>s of t.l;~ rupture or the sec:ondary circuitS uy · naticg current, of n condenser ada pte(! to be 
:he cessatiOt• of the spnrks the euorgy nccu- charged thereby, n circuit into whicb the con· 
mulatctl iu such cil·cuit. will rush into nod denser discharges in a series of rnpid im .. 
cil:tr~e the cc,odeuser. A path of low self- pul~cs;and '' circuiL-controllcr Cor etrcctiqg 
i~duction :1.nd resistance. inclu<l'inga. primary tho cbargln;; nnd discharge of said condenser, 8o 

30 M of a few tur·ns, is provided to recoi\'0 the composed of conductors movable into and out 
lliscl>arge llf the cvrid~nscr, when the circuit of p•·oximity with e..'cb other in synchronism 
1> is a~ain comt)lctc<! by the pnssngo of sparks, with thenltcrttationsof thcsourcc,assetfortb. 
\he <l•scha·:ge b"ing .manifested 1\S a succes. 3. A circuiL-controllcr for systems of the 
sion of extremely r-apiq impulse.~- The po- kind descri b~il, comprising incombinatioo a 8~ 

35 tcutial of these impulses may be raised by a pair of angulnrly-adjustablo termiuals and 
see<>Udary 'l', which constitutes tbe sou rce of two or u>ore rotati ug coociuctot-s mounted to 
current. for tbc working ci rcuit or tha~ con- pass in proximity to tho 011id terminals, as 
tai ning tho do vices R for utilizing the current. set forth. --

fly means of this appnratus ell'eets of a 4. A circuit·c~t:ttroller fur systems of tbo 90 
.1o novel and useful charnctct'areobt.<\inable, but kind doscriood, compri'sing in co· ~uioation 

tQ st-ill 'fnrther increaso. the efficiency of tho two sets or ~ondncrors, one car~ole of rota
discharge or .,.-orkiug current I bavo in some tion and tho other of angular adjustmen t 
;nst:tncCis provided Do means for further break- whereby they may be brought! nto and out of 
ing up tbo individual sp:>rks themselves. II. proximity tooach othcr,ntdotcrminato point.~. 9> 

<; device for this purposo is shown In :Figs. 4 and one or both beingsuhdividcd so as to pre
:mil 5. T bo box or CAse Fin these figures is ~ent a group of conduct_ing-points,assetforth. 
fixedlyseeurcd to the frame or bearing oi toe 
generator or motor which rotates tho circuit· 
controller in synchronism with tho alternat-

;o in;:: aource. Wilhiu said boll is?. disk D, fixed 
to the shaft C, with projections d' e~teoding 

NIKOLA TESLA. 
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UNITED .STATES PATENT O FFICE. 

'NIKOLA TESLA, OF 1\EW YOnK, N. Y. 

APPARAllJS FOR PRODUCING ELECTRIC 'CURRENTS OF HIGH FREQUEIICY. 

SPECIFICATION form!ng part of .Lott<ors Patent No. ~77,070, dated Fe:>runry ~3, 1897. 

Appllut.lo~:~ &ltd Septtllbtr 3, 1898. S.rial No. 604 ,1~3. tNo modtU 

10 all whom. it m.fl,!J r:oncr.r n.: 
Uo i~ known thnt I, NIKOLA 1'E~LA, t1 citi· 

t·~n of the United St.~tes, residin:: at !\ow 
York, il! ~o county lind St.atc c.f Now York,· 

s havo io\'ented corltlin now nn<! useful Im· 
provoments i.o AppAmtus fo•· Producing Elcc· 
tric Currents of lli:;h Frequency, ot which 
tho following is t1 ~pecificntion, rofe•·onco bo· 
i n~; lmd to tho <lrnwings accompnnying nnd 

r, forming a par~ of tho same. 
Tho nppnrntus for converting electr•c cur· 

nmts of ordinnry chnractcr int.o th~ or high 
fruttucoc:;•, which I hn,·e heretofore shown 
nnd dcocrihcd in npplic.,tions for !.otters 

'5· P:ltcnt, has usnnlly comprised n condenser 
And n circuit·controllor opc•·:Hed l>y n suit· 
IIU!O IIIOti\'0 dC\'ieO nnclncting IO attornntoly 
nbr..·g: tho condenser f•·orn n ~uitnulo source 
of supply nnrl <liscbnrgo it through A circuit 

:o of ~uch chnmct.or M to render tho dischnrgo 
we o( very hij:h frequency. For mnny 
purposes i~ haS been round adVIUJtnl(COUS 
t.o construct tho circui~·controllor with iu· 
r,ulfttiug nud conduc~in~: sc:;n:cnL~ of oqunl 

:5 length, :•1 thn~ tho cond~nscr is con'lcctod 
with its dischar~:o·cii'CIIi~ during onc·hnlf of 
'the time on ly. h follows (•·om thi~ thnt c.ho 
working ci rcni~. Ol' ~ha~ in which the high· 
frequency currenLS nro dc,·elopcd in ro•·m for 

JO pr-;;ctical appliCAtion, rccci,·es such current..~ 
during only one-hnlr tho t.ime.' 

For ecrt.~in purposes it ir. desirable for 
cconomicnl opcrntinn thnt there should l>o no 
c~s~n~ion of the Oow nf such cnr~·cn~, nncl my 

15 present i mprovemcn LS hn vo been rlcv•so<l with 
t.uo object of increasing tho outpn~ of n ::ivcn 
iq>pnrntus hy provid ing mc.,ns uy which, 
w i 1 hout material :ulrl i Lions l<l or com rli<·n tiou 
of such npparntu~, liigh·frc<1ucncy eur••cnls 

•o mny be produCX'CI thereby. contiuuou~ly or 
•vithouc periods of rest. 

Bro:>dly_stnted, the improHmcnt consists 
in ~he combinAtion or two condensers with n 
circuit·con trollor of such chnrnctcr nne! so 

45 oporntctl by ~~ single rnoti,·o dcvico M to 
chnr~:o nnd d ischnrgo ~nid coudenscrs niter· 
nntoly, '\\'hereby ono will be dischargi nJ: 1vh ito 
tho other is ueing clmrged, nod conversely.' 

ln tho liinwlngs hereto 11unexcd, Figuro 1 
so is aclin:;rnmniAtic illustmtioo of thenrrnnge· 

mont nnd circuit connections 'Of tho in,·on· 
tion. Fig. ~is n 6'cctionnl ,·i~w of .n l•nrt of 

• 

the commutntor emt~loycd; :tnd Fig. 3 is n 
dingrnm similar to th:~t of Fig. I, illu~t rnUvo 
of A modified cmborlimca~ of tho inyenlion. ss 

Let A B design::. to tho ~wo cond uctor.~ n( 
any 'circuit from wh~h the cner:.'Y is derived 
that is to l>o com·crtcd in In a cu rrent of hl:;h 
frequency. 

Cis n circuit controller or commutntor, n Go 
portion only for convcnionco being ~hewn in 
thP. figures . . It is dc.~igned to bo rotntcrl by 
Any .suitable rnotil·o dGvi~o. of which, how· 
ever, 'tho slonft D ouly is shown, nnd ilu plnn 
of constrnctiol• is ns follows: GS 

Tbo lotto~ c c' dcsignnto two mnl.at lrc.1tls 
or CAstings witb projecting portions cl <1', 
which, when tho t.vo hends 11r0 bron~;ht to· 
gethor and eccurcd to n hnu or shnn, inter· 
·mesh; ns ehOII'n in tbo drnwi n ~:s. 70 

Tho epROOS bet.v~en t«o ndjnccnt· projcc· 
tious or bnrs tl d'nro eqnnl in nrc t.o tho width 
of one of snit! bnrsnud nrGfilled in w'ith ulocks 
e, p refomulyof motnl, insul:ltc<l fronr UoGoUrcr 
conducting portions of the dc,·icn. lly U:o 75 
interposition of lnicn or other suitaulo insu
lati ng mntorillltho t.,vo hcnds or· cil.,lin::s c. c' 
nrclnsulnterl from each other. Upon the pc· 
.r ipho•·y of this commutntor hcnr lho·co hru~hc~ 
G G' II , tho two former resting upon tho eon· ~o 
tinuons m91.nllic portions of tho two hcarls, rc· 
spectivcly,thn lnucr being in pnsition to Uc..r 
upon thO" projections d d' :.nd blocks e nltcr
}11\toly. 

In order t.hnl tho brushes 1n:ty uo enpabl~ s:; 
of carrying nor current which lho opcratiOll 
of tho nppno·atus mny demand, they aro mncl r 
of largo cross·scction, tho brush II boins np 
pro•imnlely equal in wiMh to ono of tho po·o 
jections or se~:monLS d ll', or to tho spnc.o b(:· , 
tween adjacent. sc~111cuts, so that. in passiug 
C rum ono it comes into cont.nct)l' i 1 h the next, 

1'ho hrush 11 i~ conncctc<l to the m11in ].; 
lhrou::h n primary coil K of lo"' sclf-indnc· 
Lion in indncth·o rc1ntion to 11. sce·ondary L, ?5 
which CrlMtitutos tho ult.imnto sourco of tho 
cu rrent of high fo·equency which tl•o npparn· 
tn~ is d~»ign ocl to tlovclop a uri whl~h feeds t1 
circuit. conl.8inin..,. vncuum· tu iJ<.·:i M, siug:lo 
termin:tllnmps M". or other •niL, hie rlc\'icc:-.'1. 100 

'fho uruslres G 0' :ll'oconncctcd "ith llr¢ urain 
n th rough conclcnsers N N', re~pccth·ely, Md 
t.o the mniii'A I hron;:lr !.'Cir· inrlnctiou o•· chnk • 
ing coils 0 C)', !hellO btt~r bcin:t ns~u i!l_Or•,k: 
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Ill at t he in<luc:ttvo discharge of tho a.ccumu
lntcil energy therein may boc I., ken ail vantago 
of in charging f.he condensers. · . 

_Tho operation of the apparatus thus de-
S scribed is ns follo1vs : l!y tbo rofatiou of tho 
commutat~r C the br tish II is cattscd to puss 
ovct· tho projections d0 closing the circuits 
.t hrough the pt·imnry K and tJ1o t wo condeqs· 
crs alternatelY, .. 'l'hcse two ci rcuits are soad-

•o j nsted Mlo hnve the same capacity, sclf-in
ductiori,and resistance. ··When said brush is 
in electriCAl connection with any projection 
cl' from tbo ttart c', the circuit is closed be· 
tween mains A and B throu!!h coil 0', brn~h 

•s G', brush H, and coil K. Energy is thoro- · 
foro accumulntcd in the coil 0'. At the samo 
time the conilonser N' is short · ch·cnited 
through the brush G', brush II, and coil K, 
and dischArges th•·ough this circuit. the en-

:o crgy stored in it., t.IHl discharge being in tbe 
form of a series of impulses which induco 
in tho secondary L correspen<ling impulses 
of high potential. Wheu brush II breaks tho 
circu it through coil 0', tho high-potential dis-

:s ('hargo or u Jdck n from the lalt.Or rushes into 
:\11 d rcchargc..r; tho con<lcnscr N': but. as soon 
as tho brush II has passed O\'Cr tho inter\'en· · 
ing block e anil reached tho no~t segment d 
it closes the ei rcu it through coil 0 and short-

; o circuits t.hc condenser N, so that high-ft'O· 
quency curront.s from either ono or the other 
of tho two coudcn~c l'll are llowiug through t he 
primnry K practioolly n•ithont interruption. 
Thus without inc•·casiug tho si?.eor power of 

35 t.ho motive <lev ice or coutplicatiog in aoy rna· 
tcrial degree the commutator thesedevicos nre 
m:Hio to porform doublo duty nnd. Ute output 
of the apparatus as n who!~; greatly increased. 
In Fig. 3 I htwe illustrate(] a mollified form of 

40 commutator fot· this nppa.ratus, wltich com
prises a disk E, of molal, bnt insulnte<l from 
itS shart.. Tho periphory·of this <lisle is <li
,· idc<l i ntoconducting and i nsulat~d segmeuta 
by th<· i n~ertion thorein of insulated metal 

45 !J)o(·h f. The circumferenf.ial width of these 
ulocks is t.hree limes tha,t of tho conducting· 
segments[. A brush F beat·s 11pon a con· 
t in ui)us u.etnllic por tion of tho disk or upon 11 
continuous ring io electrical connoction with 

so I !Je scgmcntsj' and is connected with one ter- I 

minal of the primary K . Brushes F' F '' lxiar 
upon tho periphery of the disk E nud are con·. 
ucct~d to the main B through tho two con· 
dcusors, resp~cti vcly. Theso l>r)lshcs nro Cs.· 
pableof angular adjustment, so that they may 55 
be set to bear upon the disk at any two de-
sired points. · 

From tho explanation of tho opcmtio!J nl · 
ready.given it is cvidont tluit when t·he two 
brushes F ' F"arosetsothatonolonves ascg· 6o 
ri10nt f' at tho instant that the othor co moo 
iu contact with a se:;mcot /' tho effect in 
c;hnrgiug and discharging t·bo condcnoors is 
tho same as in tho pt·evious instance. Tho 
capability of \·;u·y iug t.lto relations of t"ho 6; 
brushes, ltowo,·cr, which this form possesses 
bas the ndmul.l~go of permitting not only an 
nltornntc charging nod discharge o! the con· 
dcnscrs, !Jut thoir simultnuoous ch!lrging Rnd 
ilischargc in multiple arc, whereby tho fro· 70 
quen(<)' oft.ho current of discharge is reduced. 

It iS: also c\'i<leut thnt nil phase difference~ 
in tho charging and discharging of tho con
ilcosers mr~y in like manner bo secured and 
tho fr·equeucy mriecl within wide limits. Of 75 
courso the samo motor nucl ci rcuit-controller 
might be Ill/Ide to cllnq;o tnOrO than two COD· 
denscrs in succc~ion nnil to ilischarge them 
in the satue or-de~·. 

\V h:tt I cl:tim is- ~o 
!. Tb~ combination wit!J a sou rce o! olcc· 

tric onergy, of a. plu rality of condensers and 
a discharge·ci•·cuit t.lrerefor, a motive de1·ico 
nnd a ci•·cuit-coutrollornperated thereby and 
adapted to uirect tho euorgy of the sou reo Bs 
into the conileosors and connect them with 
tho discharge-circuit succ.essively and in &I· 
ternation, as set forth. 

2. 'l'hl' combination 1vitch a sourco of elec· 
tric energy, or a motive dovico, two condens· 90 
crs, a circuit·coutrollcr ndapted to direct tiro 
en orgy of tho sou reo altcrnntely into tho said 
condensers, and a diuchargo-circuit through 

. which, by tbo operation or said circnit-C!)n· 
troller one condenser discharges whilo tho 95 
otlrcr is being charged, as set forth. 

NIKOLA TESLA. 
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APPARATUS FO.R PRODUC ING CURRENTS OF HIGH FREQU ENCY. 

SPECIFICATION forming part of Letteno Paten t Nc.. 683,963, dat.ed J une B. 1897. 

App.lieatloo 616d Getober 19, 1898. &rial No. G09,292. fNo mc.del.l 

~·o all 1chnat, it IJUtiJ r.IJnccr n : 
llc it known that I, N t KOJ..A 1'£SLA, a ~iti· 

zen or the United Stntcs,rcsidiogntNcw York, 
in the county nnu St.~Lc of New York, h:we in· 

5 \'Cntcd ~ert.~in new ancluscful l •uproi'OUlenta 
in ,\ ppnrn.tus for P roducing Currents o( Jligh 
Frequency, of "·hich tho following is spocifi· 
ctrtioo, reference bcint: bad to t,be d rllwin~ 
accompnuyiog and formin~; a part of tho 

10 same. 
Tho innntiou upon u:hich my present ap· 

VIi cation is based is an imprOVCUlent in app11· 
ratus for tbocon,·ersion of electrical curreuts 
of ordinnry cbarnetcr- snch, for iust.~ncc, as 

15 aro obtainable from the mains of municipal 
elect•1c IighL and po1<cr sysLcms.and either 
continuous or altern atiug-int~ currents of 
\'Or): high frequency 11 ncl P.otential. 

The improvement is applic.~blo geuemlly to 
;o apparatus of tho kind heretofore in\'ented by 

moan<\ more· particularly described in United 
St.~tes Letters Patent granted t.o me on Sop
t om ber 22, 18~6. No. 5tJS, I iG; but in the de
scription of ~he invention which follows the 

' 5 illustratlOll is coo fined to a form or apparatus 
designed for converting a contiuuous or di 
rect current into ono of l.Jigh f requency. I u 
the several forms of apparatus Cor t his pu r
pose which I luwe de~ised anrl horotofo•·c de· 

30 scribed I havcemploycrla circuit of high self. 
induction connected ~<ith the mains fron• n 
suitable source of current and containing 
somo form or cir.cuit.-controller Cor pc•·iodic.· 
ully intcrruptin:;r it. Around t bo brenk or 

35 point of i oLcrrupr.ion I havo arranged a con· 
dense r, into l<hich thecircuitdiscbarge..< when 
interrupted, nnd thi~ condcr1ser is in t ur·n 
made to dischnr:!O through.~ circui t coutaiu· 
ing the primary ~fa traosforn•cr, aud of such 

•o characte r that the condcnscr .. 1i~>ehargo will 
be in tho fornl of nn extremely 'npid succes
sion of impulses. 

Now in order 1.0 secure in an appnraLus of 
this k ind ns high frequency ns possible and 

45 the .. dvnntages resulting therefrom I subdi· 
vide tho condenser necessnry for s~orin;: the 
en orgy required iuto integral parts or pro,·i•lc 
independent condensers, nu<l Nnploy means 
for charging s.~id condensers in multiple and 

so discharging them in series through tho.p•i· · 
rnary of the t.r:lnsfortncr. To sccur~ this l"C

snlt wit.hout. unduly ~omplicating t he appa-

mtus is n m11tLcr of. very consi<lernhlc <l iffi . , 
culty, ·but I h:i,·p acco•oplished it hy mea ns 
of tho apparatus which I, shall now proceed 55 
to dcscri bo by refcrcnco (9 tho drawings. 

Figuro 1 is n ~ide elevation of the appnr1• · 
tus which I employ, and Fig. ~ is n c.l iagram 
of tho ci rcuit:conocctions: 

Reforringto Fig. I, A is a hox or I!·'SC oon· 6o 
taioiog tho coodcn:rors, of which tho tormi· 
nnls aro a. a b b, respecti\·cly. On this ca.so 
i• moun Led a small electromagnet ic motor IJ, 
hy tbe abaft of which i• opcrnted the circu it· 
controller C. Upon the said controller l>cJ< r 6s 
brushes, ns shown at D D' D" D'". 

F F ~~ro self-i'nductiou coils placed he~iuo 
tho mot~r. llbovc thc.~o is tl.Je transfor mer, 
composed, essentially, of a primnry G and a 
sccouclary H. These devices are intended to 7o 
he iucloscd in a suitnhlo box or c.~c. and may 
be very greatly modified in constroctinn and 
rclat.i \·earrangemen l.. T he circu i t.·cont.rol lcr, 
however, sboul<l conform in general princi· 
pic of construction to t hat hereinafter dr.- 75 
scrihcd in so far as mny be .nccc~sary to so· 
o.urc the oporation vointed out. 

Referring now to Fig. !l, L L designate tho 
mnins from n suitahlo •ourco of supply, he· 
t"·cen' which a circuit is formed, inol uding So 
tho sel f- induction coils ·F F and the circuit· 
controller C. A switch d ma.i• bo employe<! 
t.o bring either or both of the coils F F into 
this ci rcuit, ns may be desired . 
. Tho circuit.-controllc•· is hnilt up of iosu· Ss 
lntcd plntcsor segments, upon which the posi 
t ive and ncgt\.ti \'O brushes bcnr, Anrt thc.so 
plates mny be considered ns hclon~;in~ t<' three 
sets or <:lasses, first, tho plntcs '" for "·hnt 
may bo considered as t.ho positi,·o brushes 90 
D D' in one row, electrical I>- ~nocctcd to
got.ber, and ,..tho correspondiag p13tcs n for 
what may similnrly·bo conside red ns tho ncg
nt,ivc brushes .E E' iu the other ro1v; second, 
the plates o, which lie in both rows, aod hence 95 
a.ro coovcoir;nt.ly mndo in singlo pieces ex· 
tending a,cross the coutrollor, nod, t·h iru , tho 
idle or spacing pintos 71, which arc inLc•·posc<l 
iu ench row hotwccu tlte other tw<>sets. The 
angle Uctwecu adjacen t. plates of the snmo too 
~ct is equal to tho a nglo of clisplncement be· 
tW(IC1l ndjacenL brushes or tho s:uuo sign I nnd 
ohviously there mny b(l t.w<' or more of ench. 
Tho bru~h D of ooo set is connected ""itb one 
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· rnoin t hrou:;h the coils F, nud cncll one of too 
brushes of the S/lmo set is c!ouueclncl to one 
of tho terminal~ of the condensers :M N, rc· 
s pccLI\·cly. Similarly the brush I!: of the other 

5 set of brushes is conuc.clctl to the opposite 
main nrul each or the brnsh~s or ani<! set to 
tho oppo~itc coudenser terminal~ through the 
primary.or strands or n pritnary G. ln tho 
llingrnlff,l~ig. 2,1 ha,·e sbown buHwo brushes 

oo in each set nod two condensers, but more 
t hno this number may be used, tbo .<Rmo plnn 
of connl'ctionssbowo and described being fol
lowed out. 

In tho ~ilion of the parL.• shown in F ig. 
rs 2, In which trro positivo nn•l two negnth·e 

brn~hcs nro showo, t he brushe~ arc bearing 
on plates m m nnd n n. Consequcnlly the cir· 
cult through the coils F F is throu~:h the con· 
llenscrs in ruultiplo, Rnd , Msuwtng thnt en· 

oo e'i!Y hns been stor·ed io said coils, the coo
dcoscrs will thus be clHirgcd. It now by tbe 
movorooot of the controller plat.es or brushes 
tho Jntter nrc shifted ncross tho idl~ or spnc· 
iog plates Jl onto the long or cross-connected 

: j plnt.es 0 ~IVO results follow: Tbc mains are 
short-circuited ~hrongh tho coils F F, which 
therofot'O store energy, whi lo tbo condensers 
Me connected in series lhrougb tho primnry 
coil or coils· G. Thcso nc~ions nrc repented 

· 30 by t ho further mo\·onrr.nt of tho controller, 
tbecondci'\Sers beingchnr·gcd ill pnmllel when 
t ho brushes Rrc on plates m ttnud discharged 
in ReriM when thl\ brushCA pASS onto pln"'S o. 
'l'he oroto~ may be run by ao independent 

3S scnrce or by current derived from thomaios, 
nod J,)lo apparatus may be employed to sup· 
ply current for Rny Ruitullle de,·iccs S T, coo· 
nccted with the sccondMy roil 11. 

As staled nbo,·(>, tho spc~ific const ruction 
~o t>f tho circuit-conto'OIIer onny be very greatly 

vnriod wit.Jroutdeparture fo·om tbo invention. 
lu the dr·n.wrogs the plates nrc nssu mcd to be 
n~~socinted io the foo·m of a c) lin<lcr which 
rovolvt•s with respect to brushM pouring orr 

45 ir... periphery; but it will he nodnrstood that 
this i~ mco·ely a typicul illuslrntion of any 
form or torllli nnls or contActs nnd con•1uc
t or3, ..-hcthcr rotary or reciprocntio~:. which 
t·onstitnle ~circuit-controller cnp:tblc of ef· 

so feet in:: the s~one result.. 

Tho advnot~ges resulting f rom tho subdi
vision of t ho condenser or tho !lmploymcntof 
n plural ity of condensers are mainly tlonL n 
high frequency is obtninnlllo in appari\Lns or 
any size; thn L 1 be cu ro .:>ntof d ischnrgo through 55. 
tiro sliding conlncts is greatly l'cduccd nnd 
injury to such contacts thereby avoided nnd 
n great SliVing in wi re in the.- secon<lnry ef
fected. 

Wbnt I claim is- 6o 
1. In au opp.~ratus of the kincl de.~rihed, 

the cowbin:uron with a sci- or conlncts, ono 
of which is adnptcd Cor councction with one 
of tho mnins Croon n sou reo of current, nut\ 
each or which is connected to one of tho ter- 65 
mioals o r n series or conileosors, nnd n sec· 
ond set of contacts similarly connl'ctcd to the 
opposite mnln nnd condenser l<>rmionls, rc· 
sp~.eti vcly, or olccLricRIIy-coo noel od pintos or 
.segments upon which the contacts of tbo firs t. 70 
set bear, similnrly -conncctcd plntes upon 
\vh ich tho cootacts of tho secoud set bear, 
and isolated plates common to tho two sets 
of contacts, Uoo Mid plntes being nrranged in 
tho mnoocr described , whereby the condens- •s 
ers will be alternatt>ly charged io roultitrlc 
aud d ischarged in sc.rics, ns sot forth. 

2. In nu nppuratus of tho kind described, 
tho coon I.> I ontion with a se t or posi ti vo brusbos, 
one of \<biclr is ndaptecl for connection ,.;i tb Be> 
one of tho mains fr<;>m n source of cun'ont., 
and onch of "'hich is connected to one of tho 
terminals or n serie.• of conrleosera, nne) negl\· 
th·o brushes similarly connected to- tho oppo· 
sito main and condenser t erminnls, respoc- .Ss 
tively, o r &cylinder composed ot olectrieally
eonnccled segmopts upon which tho positive . 
brusbes only bear, similarly-coo1ncctcd seg
men ts upon which t.he ocgativo bru~heaonly 
bear, An cl isolated plat~.s upon '"b ich botlo 90· 
sets of brn~he• siruullnoeously bcnr, the MAid 
plntes being arr-anged in tho mnnncr de
scribed, whereby the conrleuso rs will be nll cr
nutely chl\rged in multiple nnd di~bor~d in 
series, as set fol'l h. 

N IIWLA 1'ESI.A 
\\'it n cs.'tCS . 

M. J.,, \\'l<OS DYER, 
Onun'' w Cooren 
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ELECTRICAL TRAN SFOR MER. 

SPECI?ICJ'. TION fonni.ug put of Letters l'ateut No. ~93, 138, dated NovoDib<:r 2, 1807. 

Appliodea l1tcl llhtcll 20, 1S91. Strld Yt. 6!1t,.U3. C'No D«:t l.J 

To all wllon> it may co,.CCI"Il: proximntcly one·qnarter of the w:wc lon;:lh 
llo it known t hat I, Nt!: OLA TF.SL,\, n citi· of the electrical uist.nrbance in thot;ircuit in· 

>.en of tho Un it<:'d St<'\lOS, rcshl in:; M Now el udin g- tho s·~ond:~t·y coil, ba~cu on the 1·e· s~ 
York, in t he county nnd State o f New York, locity of propagation <>f clcet.l'icnl tlistndJ· 

s l11\\'0 iu\'cnlcd corlnin ne w n:1d usefu l 111\· nncos t.hrou{:'h ~uch circuit, or, in g<: nC' ral, or 
pro\'Ctn cn ts in Elcct l'icnl 'J'ra usfonn crs, of such length that t Ito potentiA I at tho tr rmi n11l 
which tho following is 11 spcci fiMi ion, refer· o f tho sccoud:u·y which is tho more r-cnrvto 
rncc being h:ut to tho drnwings nccornp.~ny· from tho prirn:try sh111l be at its maxlrnu rn . 6o 
in;:: nnd forrnin~ a pnrt or tho snrnc. In nslng thrsc coils I connect one cncl of the 

ro 'l'ho present nppllcntlou is bnscd upon nn scrond~ry, or tlr11t io proxlmhy to tire pri· 
apparatus which I ba1·e i101·iscu 11nd employed rnnry,to enrth, and in order to mnrcciTcctnlllly 
for tho pur-pose of uo,·clopinc: electrical cu r· pro1·ie!o n!lnios~ i~j u ry to persons or to the 
rents of lr i;::h potcrainl, which lr.tnsformers nt•Pnrntus I al;o connect i~ with tho prirn11ry. Gs 
or Jnuuctiou·coils constructed on tho princi· In the nc~ornpanyin~drnwi n:,>s, Fit:•rr·o 1 isn 

•S plos horetoforc followed iu tho m11n ufacture di ~gr·nm illnstr·nting the plan of winding and 
of such Instruments Ar·e wholly iucnp~blc or cotwcetion which I employ in constructing 
proct ucinll o•· pt'/lCLicnlly utilizing, at lc11st my iinp ro,·cd coil~ an<l the mnill lor· or using 
witboutsorious llnblllty of tiro tlcstt·uction of t.hem for· tho t.r/lrrsrnission of oncr~y OI'Cr lou!( 70 
Lho nppnrntns i t.sclf an d clnngcr· to pcr'Sons Uistan cc!'S. F i;!. 2 is nsidoclc\'1\lion, aud Fi;::. 

• o "Pill'Onchlrrg or handling it. 3 a side elc\'Alion nnd pnrt section, of mOUi· 
Tbc impro\·cmcnt involves n 110\'CI form or fled forms of intluction·coil nrntlo lrr :\CCOrU· 

transformer or induction-coil null 11 S\'Storn a nee with tny iu ''on lion. 
for tho tmnsmissior. of elcctricnl energy by A designMcs n core, \Yltich m11y lrc rnnguctlc ;; 
mcnns of tltcsnme in whie!•tlrccncrgyeftlre when so ucslretl. 

•s source i5 raised ton much higher potentia l l.l i:~ the ~oconuary coil, wourrrl •rpon !!.lid 
Co r· trnusmlssion 0\"cr tho liuo thnn has ever core in goncmlly spir.•l forrn. 
bcou pracUcnllycrnployet! hor·otoforc,antlthc Cis tho prirunry, which Is <~·orr n<l ar<~nnd 
n flfll\rl\tns is constructed with reference to tho in prox i rn iC-y to the seconda ry.. On u t.c rrni nal 3o 
prod net ion .uf such a poton tin I nnd so ns to of tho lftttor ttill be. atthc ccut oro f t h<o spi m I 

JO l:lo not only fr·co from tho tlnn;:er of inj ur·y coi l, nntl frorn t his t ho cnrTcut. is take n to 
frorn tho ()cijlnretiou of insulation , hut safe line or for otl.rer purposes. Tile otlrcr tcr·rrri· 
10 hnndlo. To this end I ~oustt·nct an indue· nal or thb !!CCondarv is conncetc<l lu ca r·th 
tlon·coil or 1 ransformor in which the primary ~nd profernbly also U. the j)rirnnry. 85 
:uru seeondnry coils arc. wound or 11rrnnged Wlten t11•o coils nrc usect inn trnn•rrrissi<m 

35 ir: .uclt manner that the eou,·olutioos o( .he svswm In l<hicb tho currt'DL, r.ru r~i-c<l t,o a 
eonductoro( t.lrelattcr will be farther removed high potootinl nod then reconverted to a l"wcr 
from tho primary ns tho liability of injury pot<~ntial, tho rccci,·ing·t rnnsformcr will l:c 
from tho effects of potontinl incro.'\SC.s, tho constructcll and connected in thcs:11ne rrrau . 90 
t.crrnino I or poi n~ of highest polont ial being ncr as the fo rst.-that is to ,.~r; tho irurcr·or ccn· 

40 th O IIIO~L remote, nnd SO tltM between ndja. tcr 011<1 of wiH\lCOrrcspor\IIS to thO 8CCOrrtla ry 
cent clln ,·olu liorrs thcrosltnll bo 1 he lens I pos· of tho fl r·st will IJ.i conneclctl to line anti tiro 
siblo tlltrorence of potontitll. other cnu to cnr-th aud to the locn l e.ircult ur 

'!'Ire typ~ of coil in which tho -h•st·unmeu t hnt which corresponds t.o the pr·irnary of tire 9S 
fentrrr-cs orr p resent is tho lint spirAl, antlthis first. In such case also the llnc-wire sltoulu 

4S fonn ! generally employ, winding tho primary be supportcJ irr such manner ns to IL\'oid loss 
ou tho outsi<lc of the scc· ··tdnry and t.~kirr:; by tho current juruping from llrr'l to object.& 
otT t ho cnrrcnt fro~1 tho latt.cr nt tho center in its ,·iclnity not! in corrt.~et wilb cnrtlr-ns, 
or In nor end o( tbo spiral. I mnr depart from for exAmple, by means of long insullltor>;, .too 
or ""'Y t.bls form, bowever, in tho particulars mounted, prcrcrnbly, on rr.cl11l poles, so that 

so horetoc..!ter specified. . in c.~so or leakage from the line it wlll pnss 
In CIO nllrnetlng my lotprO\'~u tr11nsforrncrs h~rmlc~ly to rorth . In Fi:;. l, whord such 

I employ n length of socondnry.whlcb is np· I a sy~tcut 18 illustr·nted, a dynamo 0 Is con· 
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vc.:nicntly ruprcscntcu as supplying the pri· 
rua ry of tho· sending ol "stop-up" trans· 
former, 11n<llamps II a nd motor.; K aro shown 
as conntctcil with the corresponding circ uit 

5 or the: re:ceh•i ug or H step~(lQWO H tra usformcr. 
Inste!ld of winding t"!lo coils in the form of 

a Oat sp iral the secondary may be wound on 
a s uppo•·• in the sha pe of a f r ustu m o f a couo 
and tho primary woun<l around its l.lnse, M 

10 shown io Fig. ~. 
I n practice for nppnratus designed for or· 

d inl\l"y 11sngo the.cuil •~ p •·c fcral.llyconstructcd 
on tho plan lllnH ratcd in F ig. 3. I n this fi;:· 
n1·o L L a rc s pools or i nsu int ing material u pou 

15 whicb t he secondary is wound- in the prese nt 
case, howc:\'Cr, in two sec tions, ~o ns to con
s titute renlly t wo secondnl'ies . 'l'he primary 
c i:! n epirnlly-wonnd nat.: strip su rrouuding 
both seconll nrics B. 

: o Tbe inner term inals of tl10 sceondaries are 
led out through t ulles of insulat ing materinl 
M, while the other or ouL~ide terminal$ arc 
con ueclO<I wil h I he primary. 

T ho length of tho secondary coil B or of 
•s Cllcb seconllnrycoil when two a rc ·n sed, as iu 

Fig. 3, is, ns llefol'est ntc<l, approximately one
quarter of th o wnvc le ngth o f tbG c leet ricnl 
<listnrbauc·e iu t he secon<la•·y c il'cuit., ho.scd 
on the velocity of propa;::ation of tho nloc-

lO tricnl d istu •·bnuC(I th rough t ho coil i tse1C and 
I be circ uit wl~h whic h it is d esi;::ued Lo be 
used- Lbnt I~ to ~ny, if t lin rn tc nt whic h n 
Cltri"C'n t tnn·cr·scs the circuit, including th e 
coil, oo ono h uudrcd ami d::h•y'·f•vo tbousuud 

31 miles par second , then n f rcq nc ucy of u ino 
hundred 1111<l twen ty- fh·o per seconu would 
mninlaio nino hund red au<ltwc nty-fivc sta· 
t.ionnry wo,·cs in ll ci rc.1it one hundred a nd 
ci;;hty·fi\'O thouSI\n<\ m iles ion;;, nu d tach 

40 1l'&VO l~nj!lh would be t wo huodrod miles iu 
Jeuath. For such a frequency !should usc n 

•rty miles in lengtl•, so that atone 
t crn••·,fl l tho potantial would be ze ro a nd at 
tho 0\.her J !!H~illlUUI. 

45 Coils of tbcch nra ctcr herein dcscri l>ed ha , ·o 
~C\'Crnl impOI't:'\HL ::ulvanta.gcs. A,.; tho ro4 

Lc nt ial i llCJ•o:t!iCS wj ll r tha u mnl>cr u( turu~ 
t.iu) t.li ffc r·cn('C .·,r pot.cnl inllJetwcoll atlj acc n1 
tu •·ns is com pa I' a l.i n .• ly sen fl. I I, :ln« 11wncc a Y OI'Y 

:;o hig-h poLonUaJ, imp1·acticahlo wit.h t~n\iun,·y 
coila, may he succcs."l(u1ly maintainctl. 

• 

As ~he seeonll:.ry is electrically conoectco 
with t be primary the latter will lle n~ bUb· 
stnntinlly the same potenlial as tbe ad jac11n t 
portions of thO seconda ry, so lbat thoro will 55 
llc uo ten<lcncy for spar ks to juml' from ono 
to tho olher :tnd dcst!'Oy tho IUSulnUon . 
)l(orcO\'er , ns both primary nod secou<lnry nrc 
::rouu<led nn<l llH> line -tc n u innl or tile coil 
c:11·ricll nnll protected to a I><>in t remote ! rem Go 
tho npparntus the d a nger of 11 d ischarge 
through ~ho body o( n person hnudling ornp
p ronch ing tho nppnrntus is reduc~d ton min i
mum. 

I nm nwaro tha t an in(l uction-coil iu the Gs 
f o l' lll o f 11 Ont spiral is riot in i t.self na w, nnd 
.this I do n ot claim; but 

Wha t I chtim ns my i nv~u tivn is-
!. A t rnnsformcr fordc\"elopiu;: orconvcrL

in9 correuL1 of higb potentia l, <-omprislug a 70 
prunnry nnd secondary coil, one tcrrniui\1 of 
the ~c-.ondnry bciu;: electri cally conueclO<l 
with the prirunry; nn<l with earth when the 
lrnnsfo1mer is in use, :.s set forth. 

~. At r:UI:~!oTmcr fordcvclO}Jinc; or couvert.- 7 5 
ing cun~ut.s of high potential , comprising a 
primary iltHl sccoridnry wound in the form or 
n lint spi m l, tho <'n<l of th e secoudnry nlljn
ccn t to tho primary being elect rica lly con· 
n ceted tbc re wit.h null " 'i th cnr·lh wh en tl•e ~o 
tl'l\us formCI' Is 1n usc, as set forth . 

a. A Ll'liiiSf<>rmcr fo•· <lcveluping 01' con \ 'OI'L· 
in~ CII I'I'CJlls O f high potential COIHlH'iSi llg a 
p r1runry nn<l secondary wound in the fo•·u• uf 
u tSJ)i i'Jd , l ho socoudary b~ing insitlC or, l\ntl Ss 
RO rron nllCd l.ly, the COII\·olnt ions Of I he lll' i· 
mnry nn<l havin~ i ts alljaccnt .tcrlniun1 c lct· 
tricnlly conncciC<l tlwrcwith and "ith Cllrlh 
wlton tho trnnsformc•· is in nS<.\ :L~ sc1. furtlt . 

4. l nn•ystCIII forthc<".Oil\"CI'SiOn ami trliiiS• 90 
mission of olcctricnl cncr,;y, I he corubin:\tiou 
or two trnnsformcrs, one for rRi!O;i n;;, tho other 
for lowcrin::, the potential uf tbc cu n-c~:ts, 
lhO snitl transformers having OII C tcnniual of 
th e longer or fonc-wiro eoil~ cun n~clc••llo line, ?5 
n ull the other termiu:tls :11ljaccut to lh\\ 
t~hOI'tCr coi l~ cledrically Ctm u{".-1\'tl U l<' t't' Wil II 
aml Ln tho earth, as set fm·1 h. 

Nl lW LA T f:::ii.A. 
v.' it.rH!~:..: (·,: 

M. 1..-W SO)( ll Yr.l< 
(l , w. M Ait>fl.l :-i<: 
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N I KO!. A T E S!. A, 0 F N E \V ··.Y 0 n 1\ , N .. Y. 

ELECTRIC·CIRCUIT CONTROLLER. 

SPECIFICATION forming :porl pf l.ott.ra Pt.l.ent No. 609,251, dated Auguot 16, 1.898.' . 
.a.pr1iutio: &ltd Jcu 3. 1897._ R, .:u·wcd lent U,l898. Strhl No. G83,525. (l{o mo.!tl.l 

1~) allH:hom. it ln.'".tl c'.Unr:crn: I Thctlc\'icc iu its t,n,icnl cml>o(limcut.com-
J!c itk li~wn thnt I, NtKOLA TF.s t. .. A,n <:i tiz.en prisc.s ns essential c lcmculs t\t"O terminals-

o f lhc U uitc•l St:ttCS, rcsidin;.: n.t New Yo1·k, in , one with peripheral contnc:Lc;rllt.crnating wi th 55 
I he.~ couuty nrul State or N<~w York, hn,·c in- insu lntlng-sp:tccs, rilltll ns is cxcnlplificd iu n 

5 n:nl ~u (•crlnin IIC\1' ~n<l \lSCCuf'IrnprO\'Conents stc!lirol'lll disk 1\IIU \<hich is C~pal>IO of I'Ol:t· 
in Elcclric-Circuil (;ont•·ollcrs, or wh i~h the t io u, nn<l theoth~rn rotntnulc rcccpt.,~cle con· 
fo llowin;; is a spC"cit1cnliou, rcf<:rf:' ll('C l.wing t:lining a flnid in which more or l~ss of tiJo 
hntllo the tlrnwin~ accotupauying nrul form- fit·st-nawcd tet·aninal is illllhel-s<·~L 6o 
in;::" p:lrt o f tlt¢ same. Ju thr. prC'fcncd con~tructi('ltr or the :lppa-

Ju pl'c,·iuus pn t.cnts gr.1n tcU to t ;lt.' I h;H'<' l"t\tl.l~ t h..:- t'C':~o:ptacle c:f•t: !ains boUt :t roaulurL· '" sltuwn n n d tlc~c:riht:d mcl.ltr;•ls :\Otl :\fl}m r:\t,U!-\ ing :uul a nt)ll ·('utulu ~tin;: flui tl, the formet· 
for lit<~ con , ·crsion :w(l n tili:1.ation of c lcctl"icn 1 bei n;: the hr.:wit: r, a H\1 I tu:t in tn i n t he 1 cnui
<" ll l"r<:nt:-; t,f W:ry ltir;h frequency bnsc tl upon na1s "i n such rcla1 ioos that. thf\ clo<; trie:ll eou- G) 
tIt<: p ri ue iplc o f chnrgin; a conciC' nscr o r :t ci r· ncction l><:t ween them is m:tdc and Urok<·n 

I' cu i t poss~s~;i ll;.! capacity :uul d isch:w~ i ng the Uy the SUCC'<'Ssh·e imtn~l·~i ott or t he C'Ontacl.· 
~:l.u tc gcn('ra ll,rtltroughtltcprimary ()fatnlnS· points int.o nnd thf.'ir willuhawAl front the 
fut'lllC' 1"1 the scconJ:t. ry of which constitute d . conduct.ingthrc•tl~h t h e nc)n ·C'Dnd!l(·li n~lluitt. 
tit<• ~cmr(·(l of work in~ en rr<:nt antl u ndr.r sucla 'fhcst! rcl:ttion<; ;li'L- UC's t. ma intain etl by s uc h 70 
CUIHlitiOIIS :tS to· yic}d ,'\ \"ilJr:tri nz 01" rapidJy. COllSLrUCi iOO Of t hf"! I"C'f"'..Opt~<:Jt\ lh:tf ., ~~~ d i.;. 

-~ ;_,'-crmi1teul (' tll't'CIIL. ·tributiou of tht· (.,\·o fl uitl.~ II <'CC!i~ary Ct1r the 
Itt ~omc. of til e ft>l'lns of npparatus which I pro pt•.r OJH.• r;"tl iou of th~ dC'\' icc ma y be pre· 

han,: ltct·etnfO rC: ,)(!\"iS('t) fut·f;tlrryiogont thi$ Scn·~d \)\· c:~ut rit'u;:al :H• t i••H :'Ut•J t he rotation 
i ll\"t•nlion I ltnn~ r:u1ploy\!•1. n rnCc;lt:\!1iS111 for or 1hc oiltC" I" 1t!1"111ittal Cl1't:~t cd l ty t he 1:10\"C- 13 
ut:aki u~ :\lac I brea k i n.:.: au (}h!Clri(• circuit. or u1cn t of till! Hn id o1· fl uid~ rclat h •·ly tlwrcto. 

'' IJr:l tl ("), t he reof ft1J" the pu rp•)SC of (·hnz·~inz T o s~t·u rc the ('tHH} i tions nC<'(\:>S.ary for tho 
:u ul tliSC)!argiu~ t h (; (•ttncleu~C'I": :\lid ruy pr<;$· a<;t•Ompl i~hnu: nl (){ l h C Ol•j('CtS O( the iU\"CII· 
cut n ppl icatioh i~ b:\~cd ur•on a UO\"t:l and t ion, \'arifHI~ fllCc.:h:wica l rxpNlic n ls may lJ(l . . 
t~:) [H"(I\Ctl fu l"l tl vr tll!\"i('C for t .h i~ pn r p llSt', I'<.'SOrl('(l l.Oj ltatth~ l u~;, I. S\ t lt l mostpractiCt\blc Ro 
wlo t lt n•:lybc.· ~cn•.;J·a lly sl y lctla .,t·in!,til ·tOu · tlcYiC<~ for l ht'! pu •·po::.c of wll ich I run aware 

jo.> l t·,.JI(·r." is a )ulllo,\· wh<'~) or Urum tuoun tccl .so as lo 
In m .. tt'r that t l:c full a~h·:tul <lgc:; c.f lilY :oi,\"S· Lc rot:l t c(l ;,t nny d c!>.irctl .speed an• I r.:onlain -· 

t.Cill 111ay IJ{: rc.11i r.(••l :mtl the be~l prrtc.:Lk:t l' in ;.: n ('OII tlndiu~ fluid, such :l~ mercury 01· 
rc~'ills S(;(' lll '(•d, t ho s:t id (,'irc n !L - C'On t ro l ll!r nn . ckct ro!.rt~, whid1 by (h(! n1t:tt ivu of the 1;< 
~lum ld lw Cf\pa hlc or fulfillin!!CCrl :li n I'C'JII i rC· tll"lllll j._ lltrown Uy ccnlri fo;:a l forc~C ,m(.W:lrU 

JS lll(;IIIS, the lllOSt iiuportant .. fllliCJIIf! whi<;h is l.o t li(\ i n ne:r pnt'iphrt·y of lhC SfllllC'!, aw.l tl.: 

the en p:\ hit i t y of c rr ccti n g an e-x t•·c me l_r. r11)Jit.l su flici c n l·<JII n n l it _v ('If :t I i.:; h H: r u r•n ·cou tl ur. t 111 !!'. 
intcnuption a nd completion of the <"ircuit.. or poorly·('U!Hi ucti\·c Jl nitl , ~uc.:h as w.atc r or~ 
It isalsn of impol't!\nco lh;lt such makes :uul o il , wh ich hy the ccutt·ifu;.:al stl'liou is m:tin-:·9"'· 
urenks,~nd IIIOrCCS[lCf:iallytJ.cfol·mcr,shou Jd lniMd Oil t.ho S Ur(aN: o( the !.~.1\'iC r COil·, 

·t'-' Ua positiV<: antl abrtiJJt, an~l from cnusitlcrtl· Uucting Ouicl :uul lc t••l ::J t r, pl'(l\"l"J11 tho u<·t•.Jr-: 
t ion s Or ccotw•ny anU pracLicabilit y i t is <'S- renee of arcs Uctwc(•n lhe t:ont act· vviuts :\ud: 
scuLia! tl•nt tl.JenJ~I•~rntus shoul<ll>cc:hcnply the conducting ll nid. 
constr"uctcd, n o t Hable lu derangemen t, aod A t•cnlr:ll op<~oin;:; i::~ Conned in oun ~iJe of q; 
capable or pt·olou;,!ctlu!o\<: without aucu tion t.)u} (,}!-urn, throu::h \\"hich eutc·rs :ln ar·m Clll'• 

45 o•· adjustmenL With tl•e ohject or attain· •·yin;: a uisk "ith pcriphPrnl projc~tions o•·. 
ing these resu lt.(.:. whic h ha,·c ne\·e r 1eretofore · vaues which wlteu t.he <lnun i:os J'Ol:ltcd pro·; 
l>ccn fuily nttnincd in any form of llleel•nn· jcct ton suOicient cxt~nt towanl <or iuc•> tho 
h:al circuit-contr·o11cr of which 1 ;un nwnrc, I coudu ct.i ng flu ic.f to cff('c t Lhc tn :•kc~ a1HI.1c.tl 
UC\'iSed nnd de\'cloped the· ci rc n ih~Ontroller l>renks or the cil·cuit. 

so which fo•·m• the sul>jcr.t of my present npp li . ThO' motion of tbe fin it! within 1 h• d r.um; 
en Lion nn<.l which mny in ye ucml terms lie de· causes the disk !.o rot.~tc 1\ncl its l"'njcctions' 
~crib~<l n~ fnllnl\·s: or ,·ancs1o make nutl br·c:lk thc. <:ilcuif. witJ. 
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n rnpidity which m;>y he v~.;,ry great. In fad, 
when l110 dnun is fotnlccl il.t. a. high rate of 
spe<·J the flu id (•Outlut:tor may Occvme i n it.s 
eiTc."t siniil.'\r t.o a sulitl 004.ly, upon whh:h t-he 

5 con•l uc~i ng-<1 isk rolls, so that. the cond urti ng 
fluill might. he di!~pcns<'d wit.h, although l 
fin<l it p1·cfcrahlc to use it. 

In ordor to insure tho proper imtnersion or 
the prpjectibns into thq, Huid to compensate 

to for wenr. and nt the same time to ij~curo a 
yielding pr"ssnre between the Ouid and the 
disk, it is dc>~irablo to employ, for the disk 
~ome form o~ !; pl'ing connection f)r support. 
which will exer·~a force tend ing to rorce it. in 

•s cnnt.act with ~he lluiu. 
I htwo also dcvi::tetl certain· details of con· 

struct.ion which lldd to the efficiency am.l prac· 
t icabil it.y of the a i•ra•·ntus ._.h ich w iII lle more 
con vcn i(HI tly •IC$.cr·i hc<l Uy ref ere nee to tho ac· 

~o companying ~lrAwin;:s. 
Figu1-o 1 is a slde etc,·al.ion of n complete 

11.t'JParntus f01· prcul n<:ing currcnt..~·of high frc· 
qncn<:y nucl to which tny present invention 
is applied. Fig. ~ isaccntl'al vcrLical section 

:zs of tho i ulr• rovctl circnit·<.:ont.rollcr of Fig. I; 
Fig. 3, nu onll view of tluJ same; Fig. -l, a. 
rnoctificd form of thecil·cuiL·<:on l roHor , show
ing it in connection wit.h the rcnmi niug J):\l't.o.; 
of the app:·,ra.tus iJ1ustratcd diagr;unmntic· 

JO ally; and Fig. 5, a side view or tho same with 
the receptacfc in ~cction . 

As tho arparatn$ as a whole i~ now well 
knowu, a brief <loscription of tho S.'\mo will 
:;uffico for nn un<lcrstnnding of Its charActer. 

35 Tho vnrious pn•·t~ 01· devices are preferably 
mounted on a. Un.se H, which contains tho con· 
JcusCI\ and com prise n t.1·rmSformor A with 
primary and SCC01H1arycoils, ono :>r wore self· 
induction coils C, a ~mall e1oct.romagnctic 

40 motor· 1>, nod the circnit..-controllcr, which is 
d ri\·en by the moto1·. Tho circuit couucctions 
will l.>c doscrillcd in connection with !<'ig. 5. 

In general piAn of construction nod arrange· 
·mcnt the nppMI\lus is essentially the same as 

45 that <lesC<"illcd and sho,i·o inn patont granted 
to me September 22, IS~G. No. 5G8,17G. 

Tbc shnft of tho motor D extends through 
n stationa•·y d i~k E, au <I to its end is keyed n 
hollow whe~l u1· drum F, which rotates with 

so it. Two standards G are secured t.o tho d isk 
R nnJ connected l.>y n cross·bnr H, from which 
extends nn nrm ]{ into the interior of t he 
dr1110 l•' through a central opening in its sido. 

To the ond of the arm .JC is secured an a rm 
55 L, carrying ut its frco ond n disk M with pe· 

riphernl teeth or projection~ N, as shown io 
Fig. 3. Tho Ji~k. is mounted on nny so iUiblo 
l.>earing~ in tho nrm L, so us to be en pablo of 
free rotation. 

6o It is dcsirnblc that tho disk should ndmitof 
adjustment with r~-•p(ICt to the inner p~riph

. oral su1·face of thodrm:n, and for this purpose 
I secure tho nrm K ton rod 0, which passes 
thrdugh supports in tbe c•·oss·lmr H nnd i~ nd· 

65 justnblo thet·cin by means of thrcnded nuts P. 
'.l'he interior of tho <lrnm f<' ;g formed by 

preference i u su b~tnntinlly tho 1n an ncr shuwu 

29 Nikol~ Tesla 

in F 1g. 2-that is to say, it. i~ L:lJlCtCH or con· 
tr:\Cled to warU t.ho Jn·•·ipl•c ry :-lot• ns to ((Jl•m a 
O;Hrow t,J'fHI~h ln whit:ft tho lluitl is cunliuetl 70 
when t.hc dnuo is rotatctl. 

R dl~.signates U1o· condur.tin;: fluitl, :wei S 
tho l i~ht.CI' 11011•{'0fi(IIH:lin;,: llni!l, wh i<~h 1\I'C 
used in the drum. Jf 'LIHl proper quau1.it.ic:i 
and proporti(•u:;of lhC'SC Uuic.l.s Uu int.I'Olhlct..~l 7S 
into tho drum nnd t.he latlo1·set. in rn.p id •·ot.a· 
tion, the two flu hi~ will uiSll'ibUIO thomsclvc~ 
under tho action of tentrifu~nl force around 
the drum in tho mnnnor iodicnted in FiJI'. ~
The nrm K is adjusted so thnt the teeth or ~o 
projections on the d isk M will just cnt~r the 
conducting fluid , aod by tho ac~ion of either 
o•· both tho disk will 1.>& rapi•l ly rotated. Its 
weth nre so Arranged thnt no two n•·c simul · 
t.:meously io contact with tho conducting S: 
Ouiel, hut come into tho Sflmo successively. 
If, thoroforo, oao pn•·t of tho circu it be con· 
nected t.o the drum, as by :\contact strip or 
hrush 'J', ~nd tho otho•· pnrt to the d isk M, 
<n· Lo any part., n.s the suw<lttrd.!i G, which nro 90 
insnl:tted from thO. fl':\11\G Of thO u.ppn.ratn9 
au<l in motall ic connection "'lth t l10 Jisk M, 
th() Ci1·cn it will bo ma<lo antl broken wi~b n 
rapid ity which mny obviously ho mnde enor· 
monsly high. Tho prcst!nco of tho non.con· 9:l 
dueling Ouid 011 t.he Stlrfat!O of · t.h~ Other 
operntt'!.s to pro.v{)nt tho oc~urrcncc of sparks 
as tho teeth· N le;n·o tho iMter auu a lso tn 
prevent ~he current from lcP.pinr; :1cross the 
apa~o bot.weou tJ1c teeth nnd the conduc-tor aoo 
AS the two nppro~tch . 

In illustration of the ntndiftc;\lions of '"Lich 
tho improvorucnt. is $US<·cptiUlo I now refer 
to Figs. 4 anti 5, in which also CCI'tain novel 
aod usefnl dct.ai l$ of const r uction aflJllicable 1o~ 
gonernlly t..c.' tho invcnt.ion arc showu . 

In the modificat.ion .'"ihown in l·~i;s. 4 flJHl [> 
two rigid n.rms Land 1.:. \!ac.h canying :\. c.lisk 
!\!, nre shown, an<l t.his nu nllJcr uHty ho in· 
('roashl, if ~o tlcsire<.l. Tho rotat.iug llisks in J :o 
this rase nro mount~d un spiudh~$ at. t·ight 
nn~los to tho nxis or rot.ation of the cJI'UOl F. 
n.nd l.he contact. poiol:t u r projections aro 
formed as vanes, with faCt•:{ inclincJ t.o thO 
plane of I'Otation, sn "" to be rota 1 cd by tho • 1 s 
movent<mt. of tho Uuid .in the rnn:uwr of tnr. 
hine whe~ls 

In order to provid<• a mc.ans for :tutomat.· 
icniJy .adjust i ng the di~ks to (:0111pcusato for 
any wonr and lwep the ends or the ''1\110.:-t or 12t' 

points p1·operly immersed in tho Ruius, ~nch 
disk·car·ryin~ urJn is impallcd by a spl'ing or 
weight in t.ho direction or tile p<:riphery or 
tho drum. A con\'chiont way to nc{;omplish 
this is to form rncks on the nrms L r: and to I '5 
provide a pi nion bin cogngcmcnt. t.hotcwith. 
l''rom tho shaft. of tlh; pinion c~tcnds an arll• 
c, the cucl of tvh ieh i:-o <·•'nncctc~l t.o :10 atlju)t· 
nb!o stop cl hy a ~pi !":tl upri ng e, the t.cndcucy 
of wbich is to t.urn the pin iou aad force lloth 130 
nrms f, nnd L' toward t ho p~ripllcry of tb~ 
Urum. 

Jn sorno npplic:1tions of t.ho inventiOn it is 
practiCilblo t<> p.rc;ven t the oceu rrc- -: 'f nrcs 
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still more e iTectil'ely or e,·cn entirely by I 4. A ci1·cnit·contt·olle r, com[wising, in com· 
using- in fH.1diti.on 10 t ho nor?-cooducting fluitl biluttioo, a term inal cnpnLlc of rotation nnd 
a somewl1:ll he-n vier fluid" .• wh ich is a com- !oranet.l or provitlcd wilh pcri ph(•ral pi'Oj<:C· 70 
p:l.rath·cly poor couduct.or and which takes tions, n reccpt.a.clo containin~ a llu iU con· 

5 11[> n position uotwocn t.hc cooclucting aod dnctor into which the poi nts or pl'Ojcctions 1,>[ 
non-cond uc:l i og f1 u ids. the said comJ 11 ct.or ex tcn(l , and mea us for rv· 

Wheu two or more \lisks or equivalent de· tat in~ the sai<lrcceptacle, ~~~set furth. 
vices arc .uscd, t.ho.v mayl.Jeconut!C'ledcit.her 5. A circuit.·cont.roller eo1u pri sin~, in com- 75 
iu series or mnl ti·ple. In the p•·cscnt ill us· uinat.ion, a term inn! capaule of rotation nntl 

10 trntioo they are shown as in series, anti ns formed 01· provideu with peripheral projec· 
tlJe n.rms Land L' are insulated ft·om each tions, A ceutrifugnl dt·um or whctl conlaining
other and ~nth eoonectcd '<ilh a terminal of a flu id coud nctor into which t.he points o1· 
the ~0u1·ee of 0n n·N•t thecil·cuiti~com[>leted projertioos of tbe said cvml••<·ror extend, So 
only when 11 ,·ane of ca'cb disk is immersetl and means for roiAiin~ the snit! drum, 1\S set 

15 in tho cCHHluctin;; rt u iol and int.cl'l'npted .at forth. . 
all otber times. . G. A circnit·COhtroller compri~i ng, in com-
. T he dia~ram oJ: ci1·c uit connect.ions will uiuntion, a tc1·ruinnl ""paulo uf rotnt.ioo and 
scn·cto illu•ll'ntcthcpu•·poscnnu modcofop- fol'lltcu '" (H'ovidcd with periphcrnl projcc· Ss 
eration·of the dc\'ice. Let/ f be the coo- tions,n ecntri fugal drumor whcclcoutnin in,:: 

20 d uclo•·s frtim n sou reo of cu •·•·en 1, each i ncl ud - n. tl u id em11l uc tor i 11 to wllich tbe points of tho 
iu~: n self·iuduct ion coil 0 0 ' nn<l connecterl sai<l tenuiu:\1 extend, nn<l means for l<d jnst.
with the ncms L and J: nntl with two rou- in;: !he lntte1· with reln.tion to the surface of 
~uctors H' R", respecti\'ely. Then during tho fluid, ns.se~ forth. 90 
the pcriou.s \<hCil the circuit is completed l>e· 7. A c ircul t.-con~roller eon•prising, in COlO-

'S (\\'Mil tlu.ltii'O arms L L' the coi ls c c· store l>ioation, aterJOinal hnvingperiphernl prejcc
cner~y. wluch oit the interruption of snit! cir· t ioos autl cnpal>le of rotation, 11 centrifugal 
cuit ru•hes into nod ch:u·gcs thecoodcnscrs. ·dru10 <>r receptac le containing a conducting 
'J'besc .latter during the periods when the and 11 lighter uon.cooducting ·fluid, tho sahl 95 
ci1·cuit i.s clo~cd hc~weon arms Land L' dis· terminal being :\fl'llnged so that its 'points M 

30 cbar~o thro i1gh the (ll'illlRI')' A' and ind uce projectionseh<lnd through the oou·Concl uct· 
by s uch discba1·ge Clll'rcnts in tbe secood:ll'y log into thccouducting U.uid, when tho 1\ n id~ 
A", which a1·e utilized for any purpose for a rc dis~ril>uwl in the dru10. under the nctiou 

·which t hey mny he suite<l , ns in oporating of ccutrifugnl fo1·ce, ns set forth. 10~ 
v acnum-tuucs X 01· suitab le lamps Y. 8. The comhinMion with n bol!Qw ccntl·ifu-

35 Jt,rill Lcuudc.-rstood thn.t. the rotating drum ga.l drum or wheel contaioi ng f\ coudnctihg 
way be moun led i 11 n horizontal orothc1· pln ne n n id, a .motor for rotAting tho s:uue, n sup· 
and from t.hc nat.m·o nn<l oUject.s of the 1'6· port extending. througl.J uu opening intO.the 
suits which nro atta ined uy .the particular clrnru, lind a I'Otntablc lenn innl ba\' in~; pe- 105 
n.ppn.rat"s tlcsel'ibcd tbc construction or t.his ripbc1·n.l projectioos,moontcll on said support 

40 apparatu~ ma.v l>o very greatly v:~ricu with· in position in which its projections extent! 
out departure irorn u1y invention. in!o t he tluid wheu .d isplaced ·uy ccntl'ifu -
• Withou~ tbe1·efor-c limitin~ myself to the gnlnction, as set fo1·th . 
details of construction nud arrangement 9. 'fhe combination with n l'"ccptacle eon· 110:. 
sbo..,·n herein in illusu·ation of the mn.nnor Lnining n. fluid and n• ct~ns for r~tntio~: the 

45 In which my in\'cntion is or may l>e carried same, a le•minal with peripheral projections 
out, what 1 cl:t.im is- · cnpnblc of rotation, aod a :o;pring conuection 
· l. A ei rcuit-contl·ollc r .eomprlsi ng, in com- or support. for snit! terminal tcnd iog to force 
bion.tion , a I'C~Cptaclc COIIt:\iOillg a fluid, it townrd the pc1·ipbery Of the reccptllciC, liS I I < 
mcnn::; for rotatiu;; the rcccptnclc,an<l a tcrrn i· sot forth. 

so nnl sn pportc•l indcpenden t ly I<( the reccpt.aclo I 0. The com ui na tion wi 1 h a hollow cen tl'ifu- . 
and tttl aptctl to makn nncl bl'eal\: electric con- ~n l <ll'um or wheel cont.a iniug n con\lnct ing 
ncct ion wi th the rcccp!.acle throu;;u then u id, ilu id rind a I igh tor non·coou ur.t i ng n u itl, means 
as set forth. for rotntin;; t.hc ~mld drum, a ~upport. cxLcrul- J :o 
· . 2. J:.. ci rcuit·C~nti'Ollcl' comprising in corn- ing through au-opening in to tlto Untw, aud a 

SS l111~atton a recoptaclccontn iuingn comlucting rotatable terminal having periphcn\l projee
fhlld a nd n. nOn·conclucting tl nitl, means for tions, mouutc<l em saicl support in posi,tion in 
rotat.tu~ llac rcce{{taclctu~<l u.tcrm inalatlapt· which the projcc.tion~ extc.rul tlHongll t.he 
ed to make and l>rc:1k clcct.rical conne<,t.ion non · c0ndnetin:; into the C<HHl~ctiog flu id 105 

with the contlncting Ouid \Vithifl or under t.ho when the fl uids su·o <li.splace<l Uy ccot.ri fu~a t 
6o non.,conduc;tin; tl uic.l, ns set fot·th.. acl.iou, a..-; set. fc)rLh. 

3 . A circuit·contro11cl' 00mpdsiu:; iu corn· 11. 'fhc c<,tul, ination 'with n cent.rifu~al 
bino.tion n h.•rmi n:tl capa.blo of ro tation :uul drum containing nconOuc;Ling nuda non-cou· 
formed or pro \·iUcU with peripheral con tact~. Unctiug- Uui<l, mcnns for rotating the drum, 13.::> 
arccept.'lclccomprisin::thc()pposil.o term inal a LCI'Illi unl capal•lc of rol.;tl.iou aut.l ha\'in;; 

. Gs a nd contni n iu;:: :\ Ot:itl into' whh~h tho :-~,;lid pc,·i~},crnl projection:-~, IIH.Hlllkd with in Lito 
cont.acts extend, antl means for I'Otaling tho drum on n ~tatic)llf\f'Y support., aud n sprin~ • 
rcccplat:lt::, ns ~~~. fo1·th. or its cqui.v:\Jcut. acting ou tltc said terminal 

~ 



n•;u tentl ing to force llS twojccLions toward 
the inner pel"i pho1·y of said tl rum, ns seLforth. 

12. 'J'hc com hinntion with a rccept;\clc c~n
t.a ining n conductin;.: fluid,:.. l ighter fluid or 

; low conducti\'ity and n non-conducting fluid 
lighter tunn the others, nnd mcaus for rotat· 
ing the receptacle, or n terminal ndnptod tb 

· 111nko and urcak the circuit t.y movcmoot.s be-

. . 

29* 

t1vcen the conducting nnd non-condnct.in;.; 
fluid through tho inLe n ocdintq Onid of low 10 

cooductivity, as set forth . 

NIKOLA TESJ.A. 

Witnesses: 
M. LA WSO!< DYER, 
1' A)U.:J-:1: W. PAG•: • 
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To aU whorn. it may co,~·ccrn: 
Be it known t hat 1, Nl.KOLA TESLA, rcsid · 

iug lit New York, iu the county 11nd St.nteof 
New York, bnvo invonted eort.nin now and 

s useful Improvements in Electrical· Circui t 
Controllers, of which ~b o Collotvins is n speci · 
ficatioo, re ference being had to (,he Urawings 
nr.comp:t-nyin;; aud formiog a part. of t.hc same. 

lo every form of clcctricnl <Lppnratn• io· 
1 o \'Ol\'ing n means for making and breaking, 

more or lnss nUrupUy,ncircuitnw:tsteof en· 
crgy occu 1-s Uuri ori t.hG periods of tnnko or 
hreak, or bot.h , due to the pnssascof thocm·. 
rent thron:;h au arc formed between the rc · 

1 s ced in~ or a pp roachi nr; tcrroi un I!; or coo t.act.s, 
or, ruorc generally, through a path of high rc· 
sistancc. The tendency of the current to per· 
sis! after the actual disjunction or to prcccdo 
t.ho conjunction of tbo . tormin:1ls exists in 

:o ,·aryiug desrees in different forms of nppa· 
rat.us, according to the spcci:1.l conditions 
present. For cxnmplc, in the rnse of an or· 
eli nary io<luction. coil the tendency to tho 
formation of an nrc nt tbe brenl< is, as a ru lo, 

:s tbc srcater, wbilc io eort.~in fonns of app&
ratns I hnvo invented in wh ich the tlischargo 
of a con<lcoscr is utiliwd this tondcocy is 
~reatest at tbc instant imroe<lintoly precod· 
1n~ tho conjunction of the cootnr.ts of tbecir· 

zo cu•t-eontrollcr «hich effects tbe discharge of 
the condenser. 

The loss or energy occasioned by tho causes 
mentioned m<>y be very considerable and is 
r,enerally such ns to greatly restrict tbo use of 

;S tho circuit-controller and rehder irnpos.,iblc a 
practical nod' economical conversion of con
sidernblc.amountsof electrical energy by i<s 
mOAns, particularly in cases in which n bil:h 
frequency of the makes stud b reaks is re-

,o qnired. 
Extended expcl'iment and invcstigntion 

conducted 'rith tho niln of disco\'Crins a 
!:leans for 11\'0idiog the loss incident to t ho 
uso of ordinary forms of circuit-.conlrollcrs 

45 bavo loo me to recognize certain laws govern· 
ing tho wnstc of ene•·gy and making it de· 
pendoot chiefly on tho volocity with which 
t·be terminals approach and r~ccdo f•·om ono 
auothor and also moro or los.~ on tbc form of 

50 tbc current-wnl'(). Briefly s:.atod, from both 
theoretical con~idc.-ntion s nml prnctical o:t· 
pcrimc~t, it nppcors that tbo lOSS Of ()norgy 

io n.uy c.lcvicG fof rn~king ao..JI.Jrc:lking :'l <:ir· 
cuit, other conditions boin:; tl•o s."nc, is in· 
\'CI'flcly proportional rather to tho SI'J narc thno 55 
to tbo first power of tbo Sf>Ocd or relative ve· 
locity of tho tormiunls in nppruacbios nuil ro· 
coding !rom ouo nootbcr in no instance in 
1~hich the curront·curvo is not so steep ns to 
materially dopnrt from ono which may bo 6o 
rcpresentcu by n sino !onction of tbc tim~; 
bnt such a cnso seluom obt.,ios iu prnctice. 
On the co, tmry, the current.curve re~u lting 
from a roako and break is gou.erally very 
steep nnd particularly ~o when, as in my $)'8· 65 
tern, tho circuit-controller effects tbo char:;· 
iug aod <li~cbnrgingof a coudcn~cr. nnU con· 
sequcntly the loss of energy is still .more 
r:.pidly reduced hy increasea vcloci t.y of np· 
p•·ol\Cb nod sop:lmtion. Tho dcmon.•trntion 70 
of these f~cts and tho reeogrrition of tho im· 
possibility of nttainins thodcsi roo rosult.5 by 
using onlioary forms of circnit-coutrollers 
IGd me toinveutne'r and essentially different 
menos for making and brO'lkiog a circuit in 75 
wbieb I bl\ve utilizoil a conducting finid, such 
ns morcury, as the mntorial for ono or both of 
tho terminals nnd dc1•isoo novel means for 
et!ectiog n rnpidly-intcrmittcot cootnct be· 
twoon tho 6uid aod n conductor or series of So 
conductors form ins tho other terminal. 

\Vitb a viow, howovor, to securing n moro 
prnet.ical nod efficient circuit· controlle r in 
which not only tho relative ape~d of tho tor· 
minals bnt also tho frequoccy of tho mnk~s 85 
nod breaks should be vory hisb I do vised tho 
the form of instrumcntdoscribod in au nppli· 
•:.~tion filc<.l by me Juno 3, 1697, Soria! No. 
C3~,227, iu which .n recoptaclo is rotated to 
impart a rnpid movemont to a b_ody of con- go 
ducting fluid :contained tbcroin, which i~ 
brought in r:.pid ly-i nte rmitteot conta9t with 
a con<lnctor ba\'ing pcripbor:.l projections 
cxtcod iog into the fluid , tho movomontof lho 
latter being ·conveniently ut.ilized to rot..~to 95 
tbo conductor. Such n devic~, though meet· 
io; fully many requirements in prnctice, is 
ncvenhcles. subject to certain li mi Lations in 
tho mntter of attaining a hish relntit•c spec• I 
of nppronch nod scp:\l'ation or the torminnls, too 
siuco the putb of movcmcut of the couduc~ 
ing projoctiontl i~ not directly nwny frolll and 
tow·ard tl.to fluitl, but morG or Jess l..1u~cnt.inl 
to tho 611 rfnco or tho 1:\tt,Pr' tho vcloci ty of 
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approach an<l scpnrnlio•• .bcio,::of courso tho impail'ing the· •tunlity of cont<lc( ot· uetcrio
smHIIcr tho greater tho diameter of thoro- rnting tho terminals. 
ta.ltc.l COIH.hlctol' ·or tcrminnl. . In the t.ll'll.wiogs herct.~ :uinP.:'::C.d, l•"iguro 1 
.. With th" objccL of securin~: a gt·cntcr rein- is a uia;::rillo illustrating t~•e sy$\cm for which 'o 

.5 th·cspec<l of thotcrm~~nl~andnconseq1•1•onLlyf tho il1npr~,~cm,ct,> ~ \tas m
1 

oro .cspcc
1
inl

1
1y ~o

more efficient form .,. ctrcu•t-contro or o s•;::ncu. •"~l:'·- tS 11 top pan vtew o t 10 ctr
thiH typo I devised the modified form of ap- cuit-controllc•·· Fi;::. a is a view showing the 
pnmtus which constittiU!s the subject of my it\iluction·coil ·of Fig. 1 with its condccscr-
prcscnt npplic.,tion. case in side elo\'lltion and tho -circuit·con- i 5 

ro In thiS·RppnrlltUS one of tho members or troller in verticnl central section . . 
terminals is a conducting flnld which is c(\used · The gencrnl.schcmo of the systom for uso 
to Issue ·trout nn orifice against ·n 6eries of.. with which my improved clrcnit-contr0ller is 
spaced conductors in rnpirl succession. For more especially dcsil,'llCd will be understood 
this purpose the series .of conducto.rs, or it by a brief reference to Fig. 1. In said figure, 8o 

rs IDBY be 11 ilngle conoluctpr·, is movMl tr·nns- A A represent the terminals of a sonrce or 
·versely through tho stream or jet of fluid, or current. A' is n self-induction or choking 
tbe·jet is moved so n• to impinge l.l (lOD the coil included inonebrauchof thl)ci.rcuitand 
conductors, or both jet' :uul conductors nre pcrrnnncntly connected to oue side or a con
moved. Tliis is prcfcmbly accomplished 'by ucuser A". The opposite termiual ·Of this 85 

:o mountin~:the~ondnctorsand thotuhcm·iluct condenser is connected to the other termionl 
frotn which tho II uid issues conccntric.~lly and or the sour(;e through the primary n of 11 
revolving one ot· both. . ·• tr&usforrner. the secondary n· of which sup

Tho chic{ tenture of novrlty which distln- ·plies the l<Orkingcircuitcontnininganysuit-
;;uishes the nppnmtus nnd in v:hiclr m;y im- al>lo trnnslnting do1·iccs, II& B". · . 9~ 

•s pro1·emcnt resides is tho tllfln adoptod for Tiro circuitrcontrollcr C, which is r~re-
mnint.1iuing tho stream or jot ot conduct- sen ted conventionally, operntcs to make and 
in;; llui<l. 'fhis'consists in utiliziogthosaino bre:.k a l>rid;;o from one terminal of lhn 
power thnt actuates or drives tho~it·cuit-con- soarco to ::1 point between the chokin:;'coil 

. troller in effecting tho necessary rclat.ivo A' nn<l tho condenser A", from which It will ?5 
30 movement o! its tei'minsl9 to maintain tho resul~ that whcu ·the circuit is completed 

prope1· circulr.tlon of tho conducting fluid through t ho con~roller tho choking-coil A' is 
b_v combining t.ho two mechanisms (tho con- short-circuited ond stot·os energy which is <lis
troller aU<! tho menns for mnintnining n cir- char;;od into the condenser wbeu tbo cou
cnlntionofthecouductingflu~d)inone. This troller-circuit is broken, to b o in turn dis- too 

JS fc1\ture is of gre~t prnctlcal advnrit<~~:"O nnd chnrgerl from tho condousor through tho pri
lllny be ellc(•tod in many wnys. A typicnl nr- rnnry B when theso two nre short-circuited 
rangcmcnt for this purpose is to provid.e II by the sul>sequcnt COmpletion of the COil· 
tube or duct haYing an Orifice at ODO end di- trol!Ct'·Circuit. . . ., 
r·ectcd toward lho spnced' conductors nnd ita 1 refer now t.o · Figs. 2 and 3 fur liD ill us: 105 

, ., oll>cr o\ld iu a position to t11ko up a portion t ration· of t ue moro import."'~ and typical 
<>f tho rapidly- rotating body of conducting features of .my improYod circuiL·C<1ULroller. 
'll uid,diYortitthrough thoduct,11ud di~eblll'go · Tho parts marked a composa a clos~d recop
it: ngainst tbo conductors. With t.his objec~ tllclo of cylilidricsl form haYiu;:: n dome or 
whlm 11 closed recoptllclo is used n holder for extension of smaller dinnieter. Tho rccopta- rro 

45 Lhc tube is employed, mount~d within tho re- cio is secured to thoendot nspindloc, which 
ceptaclo and concentrically therowith, nod is mounted l'ert.icnlly in ~ariogsof :my chnt'
rbis holder, when the recoptncle is ro,·oh·cd, actor suitable for tho purpose. '\s it. is iu
is held or influenced by any suitnl>lo means, tended to impart a rapid rotlltion w thor')-
as by magnetic attraction exerted from the ccptllclo a, 1 ha,·o shown 11 convenient do- 115 ' 

so outside ~r otherwise, in such manuor as to Yice for t.his put·posc con1pri~ing 11 field-mn;; .. 
kt!ep it cicher in n fi~od position ol"impress net d, secured to· the bnsr>or rramo e, and nn 
upon it 11 velocity different from thnt of tho nnnular armaturo f, secured to tho rcceptn
rotnted fluid. clo <<. The coils of tiro :u·mnturo arc con-

Such other impro1·cmcnt~ in ilet<lils as I ncctetl with the plate~ (J or a commutator so- 12o 

55 luwe devl~ed nnd applied to the consu·uctiou curc<l to the rccetltaclc a and mndo in cylin-
. and overation of my impt'OI'Cd cit·cuit·c.on- · d ricnl fot'm, sons t~ surround tho sockot in 
\.roller will be more fully hcrciMftcr ile- which tltc spinulc cis stepped. A body of 
scribed; !Jutfrom tbo nbo1·e :;cnct·al stntctncnt mn;;nctic matcri:LI It, which sor\'es as 1111 ar-
of tho naturoof the~cviccitwill boouscrvcd m:tllii'C, is monnted on nu t.ifriction-benrings 125 

~o that l>y means of tho same tho velocity of on 1\lt extension of tho spi milo c, so that tito 
rclatil'c mOI'oment of tho two parts or clc- rcceptnclo and tho body h may h>l\'o ft·cely 
mcut.s may b~ enorlllOllSI,Y iucrca.sccl ntHl Lhe illtlt•})CIHleul. lllO\·cmcnls of rotntion. 'Sm·· 
d urqtio1f uf the n.rc ordischar~o bet ween t.ilc1u rou ntl ing the clomo l,, in ·which the armnltu·o 
nt t.ho periods of mnko and brenk tbor~by his r.onrainctl, is n coro wit h polo·pi~c~• o, 130 

· 65 ;;t·cntly t·cdnend withoutniotorial incr011sc in which aro m~gnotiz~d by coi ls Jl, wound on 
the powor required to effect it and. without tho core. Tho sahl coro is st at irm:try, bcin~: 
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•"fli'OrtC<l by nrons r, Fi;;. 9, iuucpenucntly J. Tho combi.ution with n receptnclo of a-
or the receptacle, so tbnt wh~o the recepta- (.'Oodnctor o•· series of spaced conductors, a 
clo is rotnled nnd tho.coro energiwd tbG at- nozr.le or tubo for <lirecting n jot or st•·earo of 70 
t rnctivo force exerted by the poleso upon the lluid againstthc$nme, the noulennd cond uc-

5 armature h within the rcccptaclo a holds the t:or being cnpable of movement rotatively to 
snid ar~nntur3 against rotation. 'l'o prevent each other, nod moans for maintaining n c ir· 
lol'S from currents set up in the shell of tho celation of conductin:: lluid, contnlned In tho 
doroo b, th~ lnttorsbould be ml\do of Gcrml\n receptacle, through the said nottlo, aou do- 75 
~lh·eror other similsrprecnutioo t.':kcu. An pendent for operation upon soch rolalivo 

"' :.rm i is secured to the armature h within the roo\·ement, aa set forth. . . 
receptncle a and carries At Its end n short 2. Tbe combination 'fith a closed rccopu•
tubo k, beat, as shown in Fi;;. 2

1 
so that one cle of a conductororsoriesof spaced canduc.

open 'e_nd is. tnngeotial to tho rcc~ptncle·wnll tors, a nozzle or tnbe·!or directios a jet or 8o 
nnd the other tli;oected toward tho center of stream or Ouid a:;ainst t ho samo, and means 

rs the same. Secured tothc topplnteor there- for fore!og a conducting ftuid contained in 
ccpt!LCio a are a se ries of co•Jductin:;-platesl. tho receptacle through tbo said no7.tle, these 
Tile pan of the tor pliLtc s from which ~aid pnrts boing nssoclnted withiu tho rcceptaclo 
r,on<luct ing-platc.~ depend Is iu6ulated from and adapted to booperat.ed by the applicatiou 85 
tile rcccptnclo proper by iosuiMing pncking- or a single nctuating power, as set forth. 

•o rin:;s I, but is electric11lly connected with the 3. 'l'l•o combination ,.·itb a rccopt.Mle con-
dome z,, aud in order to maintain electrical taioing a series of spaced couductors, a duet 
cuuocct ion from an external ci•·cuit to the within tho roccpt.:\clo baviog ono of its ends 
conductors I a mercury-cup ru is sot in the dircct<-d toward tho said conductors, moons 90 
top of the doine, int(\ whicb cup oxt<lnus a stn- for n•aintniniog n rapid IIJO\'Cineo~ or rela-

:s tion:1ry terminal plog "· A tiDlall quantity th·o rot., lion between t.bo s;1icl end nod ~ho 
of n eond ucting fluid, such as mercury, is put conductors And mea us for maiolainio~: 3 ci r
into.the roccptaclc a, an<\ when tho !aLter i~ culntioo or a conducting fluid c<>ntnioed in 
rot11ted the mercury by ccntrifu:;a\ nction tho rcceptncle through tho duct ngnlnst tho 95 

. is fo•·ced out toward it~ peri phnry nnd rises con<luctors, the said conductor~ aud jot con-
30 upnlong its inner wall. Whon it reaches the ntituting respectively tho terminnls or ole

level of the open-mouthed tube lc, 3 portion is mcnt.s ot ao cl<'ct•·ic·circuit coo troller. 
t..'\kcn up hy tho .latter, which is ·stnLionary, 4. 'l'ho combination with 11 rocopt:~clo cn.-
aod forced by its momentum tbrou:;b tho tuba pablo or rotation and containing u series of 100 

an•l <li~cbarged against tllo oonductonl l11s spnced conductors, a duct >.<ithin tllo rccepta-
35 tllo lntter pass in rapid succel>Sioo by tno uri - cte huoiug au orifice diJ·CCte<l toward Lbc snid 

!ice of ~>aiu ·tube. In this "'ny the circuit be- conductors, nod no opcu end in position to 
t\<ecu tho receptacle anJ tho co'oductors lis tako up 8 conducting ftuid !rom A body of tho 
conlplcted during t he. periods in which the snroo contained in the receptacle, wbeo the ros 
strc11m or jet or mercury impingea upou nny latter is rot11tod, and direct it against tho coo-

40 of the r ooductors land broken whene\·enhe ductor~, tho Raid conductors nnd tho fluid 
Rt•·enm is discharged through the spaces be· coostitutl ug tbe terminals or clomouts or 11n 
twMo .tho conductors. · clectric·circuit controller. 

I'roin the nat ure of tho construction and 5. Tho combination with n recept:~clo for r 10 
mp<le of operation of the abovo-describe<l np· containing 1\ couductin;; fluid and 11 series of 

·15 pnrntus it is e,·ident that tbe rol11tivc spce<l of spaced conduct.ors thereon, of 8 duct 411\'ing 
soparnt ion and approach or the two clements nn orifice directed toward the e.'lid conductors 
ortor~oinalj..(thejctaud thc~.ouductorsl) ~ay and form log s conduit through >Tblcb the 
becstrcmel)' high, while such increased specd fluid when the recept.'lclc is ro~lle<l is rorccu r •: 
affects in no·ml\terial respect tho quality of nod thrown upon the conductors. 

so cont:tct. G. 'l'he combiuatiou with a receptacle ca-
A circuit-controller or the kind <lcscril.>cd pablo or •otatiou, :mil a scl'ie~ or conuuctors 

l$ avplic11blc nod u~eiul in mauy oLhc•· ~r~- mounted therein, of a duct haviu;; nn orilice 
toms and apparatus than thnt pnrticulal'ly dirCCtl•d toward the conu.uctOl'S, a holtler for '"' 
dOSCl'lbed h~rci n , :11111 l\lay UO greatly mo<\i. Said tluct lJlOUOtcd OD bearings withiu tOO re· 

.;5 lieu In const ruction without departure from J CCJJtncle wbicb permit of a frco rolnti l'c rota-
the in\'cntion. ''tion of ,,,id •·tccptucl<, and holder. and means 

I 111u awar(l that a jet urst•·ca1n of conduct- for opposln:; tllc ro!-tlt.ion of. the ~:.i•l bolder 
lng fluid ha~ herewforc ~en eulployed as a io tbe direction of the movement of tho lluicl ' '5' 
menus foreompletin:; no clectr~c circuit, :md \thile tllo reccptllclo is rowted, whereby tho 

6o I do cot claim, brondly, the employment of n co~duc!iug fluid withio tbc receptacle will bo 
<.'Ond~ctiU!( fluid in such form ns a con(!\ct, or . c::u~ed to Jlow through th<.> due~ ng:~inst the 
termmal; but SJ fllr as I nm awnrc uoth tbe ! conductors. 
pur[lOSO for which I employ such form of con- 1. Tho combination with n rccopttLCle nnd 'J" 
tact or ter:ninRI au<l tho mann or lo which I I 11 motor ror rotnting the SAme, of n mngMtic 

65 apply it u re wholly of my iovon~ion, neither · body moun tot! io the rcccptaclo, n masnot~:t-
hR\'in.:; beon hor.~tofure proposed. terior to tho receptacle for·m:linl11luing the 

W liut I ci.1irn •s- body ~tntionary whi lo tho rccoptnclo .rot.ates, 

• 
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. 
a •cries of conductors in tho re<-eptnclc nod 
n ductenrrie<l by tho said m:~gnctic be<ly nod 
adapted w tnl.:e up nt ono ond a r.oo<llrctiog 
lluid in tho reccpt.a.cla when tho latt.cr rotntoa 

s and w direct such fluid froro its oppo!!ito end 
against tho serioa of conductors. . 

S. Tho combination with n rccoptaclo Cor 
cont"lning a conducting fluid, n sorioa of 
spaced conductors within tht' samo, and a 

1 o motor, tbo nrmnturo of wbich is connected 
with tbo recept.ilclo so 118 w impart rotation 
\here!<>, n magnetic body cnpablo or turning 

fr·ecly within tho receptnclo about nn nxis 
concentric with tbatof the latter, n duct car
ried by tbo Mid body having ono end in po- t;. 
sition wtakoup tho conducting fluid nnd the 
other in position w discharge it agniost tho 
spaced CQ11d.llctors, and a magnet O'ii.C rior to 
the roooptacle for holding tbo magnetic body 
stationary' when the receptacle iR rotaLc<l. 

NIKOLA TEStA. 
Witnoases: 

M. LAWSON Dna; 
0; W. MABTLINO. 
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UNITED : STATES P ATENT O FFICE. 

NIJ<OLA TESLA: OF NEW YORK . N.Y. 

EL ECTR ICA L· CI RCUIT CONTROLLER. 
I 

SPECIFICATION !onning part o! Lettcn Patent No. 611,719; dated Octob<or 4, 180!1. 

Appllc.:t!o: £1&4 D~.ct=1b.r )0, 18SI~. Strbl 1io. 861,403. fNo modcU 

To n U 1Ul1.011• i t may co~>cern: 
Bo it known t~nt I , NIKOLA 'l'ESI.A, rosid· 

in; Rt N~w York, io tho coi1nty 1\nd Sl.lltoof 
Now York, hn\'o io\'coted cert11iu no" nnd 

S useful ImprO\'Omcnts io Elcctricnl· Circni~ 
Controllers, of 'IThicb tho following is n speci· 
licntion, rcforcoco being hail to the drnwings 
:lccompAnying nnd forming p')rt of tho snmo. 

Ia order to secure B 1noro efficient. work in"' 
10 Of circliit·COillrollers, p:lrticulnrly io thci~ 

~~~~· fo1 cooncc tioo with my sys!Alm of oloc· 
tncnl· cnor::r con version by .means of con· 
.de nse•· discllnrgcs, I ln\\'0 devised ·ccrtl\in 
no vel forms of such applinncos, comprisinn 

•s ns osscntinl olconcnts a boily of conduc ting 
fluid constituting one of tho !Alrminnls, a con· 
ilnc!Alr or series uf conduc!Alrs fo;·ruing tho 
other toroninnl, nnd mcnns for bringing tho 
t>ro into rRpiclly·in tcrmittcnt conLilct with 

· o cnch o11lor. 'l'hcso ilo\'iccs possess u>nny ilc· 
~irablo qu:iliUcs, particularly that of beinn 
eminently 1\tlnptcd for mn kiog nnd breaking 
M a 1·ory rnpid mto no electric circuit tUid 
t hUS rcducin;; l U 3 minimum t ho time O( fU\S· 

:s Mgo of tho current through nn arc or p:~th of 
hi:,;b l'csistance and dhniuishiu:; U1crcby tho 
los.~cs iocillcut to tho closure nnrl intcrrup· 
lion Of thO Circuit. ContiOU()() CXpcrimonta• 
1 ion wilh these npplin occs has led mo to IIIRko 

~o further import.nut impro\·crnents by causing 
tho mnkc·nnd·brenk to boolrcctcd iu an ino1·t. 
ruc'llium of very high insulating power. . 

It ;. n fnct, which was fully demon•trntc<l 
IJy l'oggc ndo•·rt and utilizod by him t~ lm· 

35 J"'OI'O tho opo;·ation of ioduet:ioo·coils, l·hnt 
when tho cou tnct-poiots of n circuit-bron):o•· 
arc inclose<! in n \'cssel nod tho latter ox· 
Jmu~t~d to 1\ high dcgreo tho interruption. of 
t ho current is reudcred more sudden, as if" 

40 runrlcnscr wero connected arouud tho brenk. 
FUJ·thcrn:oro, my own ·inveaLigations bn~·o 
~hown thnt undorsuch coodit.ions tbeclostiro 
nl:<o is morosuildc1:,Rnd this tAl oven a ~:realer 
•lcgrcolhnn Lb~ break, wbicb rcsuiLiauributo 

~:;to tho high lnsnlntiogqualityof lbovRCuous 
KJlnce, io consoquoncoof which tbeolectroilos 
111ny be brought in very close proximity be· 
fiJronn nrc~nu bo formeil between the m. Ob· 
vionsly these fncLs may be utilizcil in COl1· 

;o nccti on wiLh my uo,·ct circ uit.·cootrollors; 
huL inasmuch as only n vory moderato im· 

• t.u·v,·cmcu1. is ~ucnrcd in Lhis mao nor ttnd ns 

' tho l1igh vacuum requ ired is q~ ickly de· 
sLroyod nnd cannot be maintained, unlo.~s by 
R contiuuou~ procoss or rarcfnction a nil o ther ss 
incoovenioot measures, I hal'(ffuund it dcsir· 
able tAl employ more el!'lCti<·c ~nrl prnctir~l 
:ueaos Ul iDCtCI\SO lho efficiency O( tho de· 
vices in q uestioo. Tho mcn.su ros I h~ \'O 
adopted for Ibis purposo hnvc resulted from Go 
my recognition of certain ideal qunlificl\lion• 
or tho medium wherein to ctrcc~a m:1kc·and· 
brenk. 'fhcso in:1y be summed up ns fol· 
luws: First, tho mcdi urn by which ~ho conLAct· 
points nro surronnrlcd ~hould lnwe ns high Gs 
an Insulating q unli ty >IS possible, so tbnt tho 
termlnnls mny be nppronchcil lo nn ox· 
tromcly sho•·t d is tnnce bcforo tho cu rrent. 
lo!lps actoss LlJo · ~ntcr\'cning space; ttecond, 
~he closing up or repair of l hc.injurcil diolcc· 70 
tric, or, in other words, t.ho rcswr:~.t.ion or tho 
insulatiug power, should bo inst~utnncous itt 
order !Al•·cduco \.0 a minimum tho Limo dnr· 
ing wbich tho was to principally occurs; third, 
tho meilium should bechcmicnllyinort, soM 75 
to diminish a.• much ns possiiJlo the dctcrio· 
rnlion of U1e electrodes :10d to provcnt.chcm· 
ie.~l processes wbich mi:;ht. rc.,u:t iu tho do· 
\'Olopmcnl of hcnt or, in ;;cncral, in loss of 
onor~;y; fon rlh, tho gi1•in:; way or tho me· So 
dium nndor thoapplicntion of eleetrieul p•·cs· 
sure shou ld not be of n yielding onturo, but 
should be very sudden a nd iu the .naturo.of 
a c1·~ck, simil11r to thnt of a solid, such as :1 
piece of glass when squec1.ed in n viso, nod, 85 
IICtb, 1uosL import..~nt, t!Jo medium ought to 
bo such thnL t he arc wh~n formed is restricted 
to thosmnllcsL possiulolinMr dimensions aod 
is not nllowod 10 sprcail or expand. As a 
atep in tho d irection of t heso LhcoretiCIIl ro· 9~ 
·quirements I have employed io son1o o! my 
circuit·conlrolliug de,•icos a ftuid of bi;:!J In· 
sulatlog qualities, such as .liquid hydi'OCIIr· 
bon, nnd cnusod tbo Sllmo to. bo forced, prof· 
cmbly with grc.~t speed, bctwoo.n lbo np· 9S 
proacbing aod receding contnct-po1ols o_f 1~0 
circuit·cout roll er. By thou so or such hqu1d 
loaula!Alr a very w:1rkcd ad vaota:;o (ras .sc· 
curod · but while some of tbo abovo requtro· 
monts' nrc alt~inod in this •canne r cortnin roo 
defects still exist, ·ool.llbly tbn.t duo to tho 
!net t hnt tho insulating liquid, in common. 
w ith n vacuous ~pnco, tbongh .inn. loss ilo· 
grco , permit.'! tho "rc tooxpnucl'" Ieogtb nml 
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lbickocss, ;ual tl)us fll\.."-~ thl'On~hall degrei!S a high roh•li•·e spe~d be! weco tho tcrnoinats 
oC o-esistAnce aut! c.~ using a more or less con- is obtBinnblo, "nnd· wl~h tbislspecinl object in. 
shlerable w:u;te or energy. 'l"o overcomo "this vie"· I bn ve <loviscd a. novel eircui t-con troller 70 
clofo~t aud to stilt more nenrly nttuin the the- whicb, though belonging to tbe class oC which 

s orotlcal conditions required Cor most efficient I hnvo ebowo a typical ·form in my npplica
working or the ci rcuit-contro!Hng devices, I lion for patent hied December 2,1897, Serlnl 
luwe beea "finally led to uso n fluid insulating No. GUO,SIS, difier.t in certain part.iculnrs of 
medium subjected to groat pressure. construction, which will oo understood from 75 

Tho lip plication of great pressure to the llle- tho following comparispil: In tho rrovioo:;ly-
oo dium in 11•bich tho make-and-brenk is made described fo·m of said eircu it-coutrollers l\ 

secures n number ot s~ciftc ndvnntag"es. rotary reeeptacle, carrying within it n scric., 
Ono of these may be obvionsly loforrcd from of spae.il conductors., is driven nt a hi~thsreerl 
woll·o~t.nblished oxporiment.al f:lcts", wbtch by a suitnble motor. Mounted witl1iu 11nd So 
<lcmonstmtc thllt the ~trikiog distnnco of an conccntriclllly with the rocept.~clo, but c.~rn-

1 5 nrc is· npproximntcly inversely propo~tioonl blo or Crco indopondcot rotntiou with respect 
to the prc8:!ure uf !(1\lleOUS medium. in ~<bich 1 t.horoto, is n body which during tho rotation 
it occuo·s; but iu view of tho fact that in most of t·he reccpU.clo is rctnrdod or restrAined 
CllSC~ OcCu rring in pl"llClico l·hO SL(iking dis- .ngninet rotntion Oy tho npplicRtion of 1\.SIIit.- 85 
1<1nco is veo-y small, sin co tho ditl"eo·onco of able forco. 'fhis body earries n tube or duct 

:o pf)tcntilll between the elnctrodos is usually which tnkos up at one end n ftuid conductor 
not more tbnn a few hunllrcd \'OIL~. tho ceo- contuiuotl in tho rcc~ptncle nnd rot.nting with 
nomicnl ad van tngcs resutl-ing from tho red uc- tho same noel discluu·ge.q it from tho ot.bcr 
t.ioa of tbo striking dist.~nce, pArticularly on end ag11inst tho rot.~ting spaced eonducto..,.. 90 
approach of th<i term innis, aro not of very While an 11pparatus lbos conSlrueted is 

:s grent practical consequenc11. Uy far tho very enlciont nod pertorms tho work required 
more important gnin 1 howo found to result of it in n highly-sRtisfactory ruannPr, it is 
from an effect '•hicb I hnvo obson·ed to Col- Ut'l'erLhole.'IS subjoct to certllio ·linoitntions, 
low from the action of such n medium when nrisingmniolyfrom tbenmounto!work.which 95 
under pros.quro u pon the arc- namely,. t.hnt th11 conducting flu id is rcqulrc<l to perform 

30 tho cress-section of tho lnttcr is reduce<! ;lp- and which increases wi th tho spc9d. With 
i>roxhuotcly in nn ipvoo"lJo ratio to ·tlto pres- tho' ol.ijcot of o•·crc0miug objecoions that 
~nro. As under conditidus in other respects might lio to this form of circuit-controllsr i~ 
thoAAmothowasteof cnor::y in A,o no-cis pro- t.ho pnrtlcul11r r~forrcd to, I dovi~ed tho for01 1oc 
portionnl toit.scross:soctioo,n very hnpo·rtant of insu·umcnt ShO\tn herein. 'fho f•ntui·e.; 

35 gaiu in cconomygenernlly rcsuiiA. A featuro which more particularly distinguish t his (prm 
of great pr~tical <"nine lies 11lao in tho fnct tbnt 11re tho following: I employ a closOd stM'iqu-
tho iu~nluting po•rcr of tho compressed me- nry rccoptacle within ~<hich is mollo.ie<l n 
dium is not materially inopl\lrod even by con- body bbnt i~ capable of being rotated in nny '"5 
~idcrnblo increase in tompornture, aud,-fm- wny-ns, for cxnmplo; by .tho dr:~g or pull 

40 thCI"IUOrC, that \":\ri ~ttiOII~Of pressnr~ bCt\~Cen upon it or, liD OXternal fiold Of fOrCO Or II IIIIlS· 
wide liouits do uot iuleo·foro notnbly with the nct·rotatGd bodily. The rotary body i111parts 
opcrntion of the ci o·cu it-controller, w herons rot.aUop to a scl"ics of spa cod ~oud tl<:l.ot·s 
Much conditions nm fatal dr11wbnck• when, wi thin the rccopl<telG l}nd also o[ieo·ntca ns 11 ooo 
for i nst,,nce, PoggcndorfT's method of insu- pump to maint.aiota flow of conducting !hoi<! 

45 ltttiu~r the t.crmiunls is usc<!. Jn onnny oLhoo· throughonooronorest.ationaryductsau<.l from 
resjlCCI.s, hOWOI"Cr, II gas under S"rCilv COUI· tho· 81\IDC ngniust the rot., lin!; conduCtOr&. 
pression nearly fulfils the i<lcnl re<tuircmeut.• Tho details or this apparatus "111 bo <k!· 
:ti>OV,) mentioned, as in th~ sudden brMI;ing scribed b.Y reference to tho :tccomp:myin~: '' 5 
dowu nn•l<tuick rcstor:ttion of tho insnll\ting drnwirig, which is n \"ertical centrn.l section 

50 [>OWOr, ll!1d :.!so in ChCnoicnl inertness, which of the circuit·COOtrollcr complcto. 
bypropoo·sclccLionofthc:;asisc:L~ily sccurod. A is a recoptncle, of iron, ~tee!, or ot}rcr 

In canyinf) out my iu\'Cnt.ion t11o medium proper DH~torjRI, with n hcnd H. secured by a 
urulor prcS$uro 11my . be prO<luccd. or main~ gas-tigl1t insull}ting-joint-. \ViLhin this rc· rzo 
tniucd iu '"'.\" vropcr man not·, tho impro•·r.· coptJtclo js con tained t ho circuit-~onto·oilcr, 

55 lliN1t 1111\. being linoitc<l iu this v:trticular t.o which, iu so far fl~ tho uorii11 {Mtuo·o of m.v.· 
:111y ~pocia I means for tho pu rposo. I po·croo·, pro~cn tin '"on tioo is concerned, may be or nny 
however, to secure tho desired ·result by in- tlesired construction, but which, Cor tho rcn
closing tho circuivcoutrollor, or at honst so son sUited nbovc, is of tho special ch3rncloo· 1 =5 
murh of the s.~mc ns shnll include tho tr.rmi- shown, A 6pindlo Cis screwed or othorwiso 

6o nnl~, ill a challlbcr or rcccptnclo with which secured ccntrnlly in the head ll, nnd on this 
coullnunicntcSnsmnll r~scn·oir contnining n is mounted on nntifrictiou-bcnrings 11 body 
li<jUCfiNI gas. For flllrJ>OSO or illnslr:tlion to ~·hich rolMY IDOtion 111:1)' bo illlpartc<l . 
t.hl~ p:\rlicular ID:\11 OCr or Cl\r1·ying OUt. tho 'J'hQ: COnstruct ion of I h.C c.JO\"iCO itt this part icn- 1,\0 

iuvcntiou is described horeln. . Jar nnd tho menus for imparlinl( rot<~Liou to 
65 While tho impo·o•·omeut i~ nppliublo gou- the said ·body may bo greatly vnric•l; but a 

emily to eircnivcontrollcrs, Uoo bese results oouvoniooe menus !or nccouo (lli~hing this i~ 
will l.lo 6C,,urc<l by tho usoof devices in which" to secure t.o tho rotnry s\t'(!.\"e D 11 lnmi u:\tc<l 
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magnetic core E and ph1ce atuuoiltho portion 
of the head B which coot.ainu i~ n core F, 
proviucd with coi ls and const.it.ntinr" the pri
.nnry olomcut of a mo~or cnpnblo o produe-

S log a rotnry field or fore& wbioh will produce 
n rnpld rot.nt.iou of tile ~ocondnry element or 
coro E. To tbc depending end or the s lee"e 
D is scoured a conductor G, ••sually in Lhe 
form Of a disk with dOWDio:trdly•OXlOoding 

10 teeth or peripheral. projections II. To tho 
siCO\'O or the disk G is also attl\ched, but in 
sulatocl therefrom, a shaft T, having n splral 
bl:1do nod oxteniliog dowu·iolo n "~II or cy
lindricAl recess in the bott.em or tho rccopta-

1 ~ clo. Ono or moro tlucts or passl\gM J lca!l 
from tho butt.Onl of thi~ woll t.0 points near 
tho path or the cond uotiug-tcoth II, so that. 
hy tbo rotation or tho sorow I a conducting 
lluid, which runs into tile ·,..ell from tho reccp-

>o tnclo, will bo forced up through tbo duct or 
ducts, from which it. iS~~ues in n jot or jets 
ngaiust tho rot.~ting conductor. 'fo fnoilit.~te 
this operation, the well is surrou:1ded by a 
flao~o K, containing pMsngos L, '~hich per-

'S n1it tho conducting Ouid to now f1·o:n tho re
copLnclo h1t.0 tho well, nnll ~:wing be,·cled 
sides which ~orvc as a shield t.0 dofloct ~ho 
n u id ox pcllc<l r 1'0111 tho <I no:..• t.h rough the 
evacos in the cond:octor to the bottom of t.ho 

3o rccoptnclc. · 
M i!i nn;• suit.\hlo i'O:lcn •oir communicating 

with tho llltCI"ior or. tho lllllin rocoplotclo and 
cont.:tinin~ n JifjUOficd gas. ~uc:h llS nmn)ortitl, 
which maiulai11S !\. pr!Lctic'llly ino1·t. 1\tmos· 

JS phcro und~r pressure in tho roccptnclo. 
Preferably, though mainly t\~ a mat.tor of 

eonvcni<"nCC!, tLo reccpt.aclo M i~ n111etal CUI) 
wilh n lloJJow central s1<~111 N, tho opening 
for tho passage of gns bein~: cuntr<>lled by n 

•10 SCI'OW·\'nlvo in tho t.Op or tho cup. Tho said 
cup is screwed onto tbo en<! of thE! spindle 
C, through wb icb is 11 p.~ssa~:o (),lending into 
tho .intcrioo of the rocoptaclc A. 

Tho rocoptncle A 11ud thoCOIHlnctiug flui<l, 
iS which Is 1Jeuomlly mercury, boing normally 

insulated from tho looa•\13 anll.tho pnrt.., at
tached 1<od supported tboreby, a1u oouncctc•l 
to ooo pat~ of the circui~ te bo coutrollcd. 
'l'hoother eireuiL couoectioo is on ado by o con-

so duct.Or P to any port. of Lho hond, so that 
"'boo t~o core E nod conduct.er G oro rotnt.ed 
tho circuit. will be complotod betwoon tho 
two iusolMed parts of tho rocoptaclo through· 
tho jot. or jot~ or corulucLina nuid whonuvc,· 

ss thoy Impinge upon tho said conducto1·. 
'l'o in• uro a good oloctricnl connection IJc· 

tween tho sloovo I> nud tho svind lo c, I pro· 
vido in tho former 8 810411 chambor n. which 
cont.nins mercury, and into thi~ tho end uf 

Go tho apindto C extend•. 
Tho apeciol ndvantngos o[ this ro:Lrticular 

form or circu.it-cootroller borot.Oforo rcrcrrell 
t.O will no,. 1oore readily nppcnr. 'fh·l m:\SS 
a nd wolgbt or tho rotating part.s n ro greatly 

65 reduced And A very bigb speed o£ rot.~tion ob-
1.1\lnod with small exponclituto or energy. 

. ' 
tl'hc pow(.!r roqui:·etl to runiutain the jots or 
conducting 1\uid is, mo.reovc1-, \'cry small. 

Hnving now described my im·enlion, what 
I claim is- · 70 

1. The combination with 11 closoil l'CCoph\· 
cle, ot 11 olrcuit-coo trollor conta ined therein 
nnd sunouuded by nn luert iosuli\liog me· 
diu10 under pressuro. 

!?. The combination with n clo~ed reccpt.A· 75 
clo, of a circuit-controller cootninod tboroin 
nod means for maintaining within said rocep
taclo no inort. atm06ph~rc uodc•· p1-e.'1Sure. 

3. 'l'ho combinAtion "ith 11 closed roccpta
clo, of a circult-conLroller contaioo<l tl:oroin, So 
nod a vessel contnlning n lujuotlcd inorL gM, 
nod commuuicat ing with tho interior or the 
rccopt.nclo. 

4. The comblnnLion with n ci rc ult·cootroi
Jing muchauism, one part or terminal of which 8s 
is n conauctlng Jluid, such as mc1-cury, of n 
rccopt.nclo inclosing the same ami means for 
mninudoiug :tn inert. g:ts nuder pressure in 
tho recoptr.el~. 

1i. The combination 'rlt.b :1 eonlluct.or or so- go 
rics of couduct.Ars constitutin~: ono t.orminnl 
or :L c;ircnit·c-ontrollc-r, means for m:dnt!Linin~ 
:> sL1·cam 01' jot. o f conuuctiu:; fluid :\8 tho 
other t~1·minal ll'ith which tho conductor 
IOill<cs !utormiW>IIt coutact,•:o do~o rcO<'Ptn- ?S 
clo oontninin" tho tcrrninal:~, aud mc:w!i fol' 
wn.i uta. in in t: an in ('rt n t.mos 1 • he l't~ 11 u do,. (J ros · 
sure in thu I'C<:eptaclo. 

G. A dc,vir.o f•) r 1nnking !\utl lll'~akin:,: :l•t 
olcctt•it circniL C()mpri:.~ing:, in c.·orn1JinaLiou, 10<.1 
mcnns(or mainlainin;;- a jcL or stream or t-Oll · . · 
ductiug rluht whidl cons\.it.ulc.s 0110 toru1inal, 
a conductor or C0111luctors m:tking intermit
tent coulact. wiLh the jctnml connilutin~ the 
other term innl nud a r<..-eept.aclc inclosing nntl r 05 
cxcl1uliug OX)'tteu from tho said tormionls. 

7. Tho comllination with n roceptnclo, or 
:\ COIHIIICIOI' 01' Sori c~ of Spl\eCd OOIIdUCtorR 
nwuntcu t.hcroin, a mot.i\'o device for rotat· 
ing ~:tid cou<luctors, one or mo1·e ooules for uo 
di1·cctiug A stream or jet of fiuid agnlns~ tho 
conductor, an1\ n forco-pump io diroct con
nection wltl.J the comluct.er for D1aint.ninin{t n 
circul:uion or eomluctiog fluicl cont.~iucd in 
the roccptacl;~ through rho no1.zlo or no1.1.lM, ~~~ 
tho cooduct.Or and the fluid COU5Litnt.ing ro
spccti voly tho term ina!sof a eircn i t-cou t.o·ollcr. 

8. Tbcoomhinntion or a casing, n conductor 
or series of spaced conductors mountod there-
in, a motor for ro\ntiog tliOI\:IIDO, Ofi O 01' IUOI'O 120 
ducts Ol' chnnnols from a roccpt.:Lclo contain· 
iug :1 cond1u:tiog flnitl :~ud lli •·cctctl t.ownr<l 
tho coudnct.o•·u, nne\ n screw oporatcd by tho 
motor for forcing thccondueting fluid tbrougb 
tho duct or tluct.~ against the concluclors, tho tzs 
coniluct.Ors an1l the fluid constltulln:; tho tcr· 
min:ll~ of an olectric-circuit coutrullor. 

:1. Tho combination with a rccCi>t;Lclo con
t.'lin)ug n conduct.iuc:: fluid, of n conductor 
moUn to..\ wiLhin t.ltc l'OCoptacle, mc.nnA Cor ro· r JO 
t.atiug tho MOllo," aero"' rotating ~rith tho 
conductor nud extcodinz itt~o n. \~ell in whi•O 
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the Ould collllCts, and a duel qt· ducts leadin:; 
frorn tho well to points from \1hich the fluid 
will bo directed against tho rotntlog t'OD· 
<luctcr. · · 

10. 'file combiontioo with tho rocept.aele, 
ot 11 eplnlllo scoured to its bend or oovor, a 
mn~n~otic cure me>untcd on tbe spiudle witbio 
the rcceptaclo, mMos tor rotatio& aald cort>, 
a coruluctor rotated by tho OOI't', and a patnp· 

iug de\·l~e. such ns & screw roL~ted uy tho 1o 
core 1\Dd operatin7 to maintain a jet or jets 
oi cooductlng nuul, against tho conductor, 
\Vbeo in rotation. 

NIKOLA TESLA . 
Witooesns: 

M. L" WSON DYRR, 
G. w. llfAATLINO. 
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10 atl whorn, it tnuy Cotl-Ct:Nf. 

Bo it kuowu that I, N rKOL.\ T~~L.\ , a eili · 
LCIJ or tbe Uui~d !:>late~. rosidiug ill the l.lor·· 
ough of blanh~tttuu, iu the city, county, find 

s StntoofNew York,hi\YCi ll l'cntcdccrtai n new 
nnd usofu l.IIlJIH'O\'CIUellt>< iu Electl'ic-Ci rcuit 
Controllot-s, of which the following isn speci· 
licatiou, rofereuco bein\l bad to tho drawing 
accompanyiug noll fonn rng a part of tho same. 

•o . The invention whicll forws the subject of 
my ·preseut application is an improvement in 
R uovel class of ci rcuit·cou t roll ing appliances 
Loretofore iu vented by mo nod more ospe· 
cially designed to be used wit!J my now well· 

• 5 k no wu apparatus for the p rod uctiou of c lec· 
t ric ca rreots of high fr-equency by m<)lUr~ of 
condeuser ·discb~~;,·gcs, but 11pplicablo gcncr· 
a lly as a means for making and breaking au 
electric cir·cu it . 

: o In the circui~·controllers of tho particular 
c lass or typo to wh ich uiy p r·osoot improvo· 
mont pllrt..ains I Juwo utilized " cuuduc tiug 
ii•t nid llS OliO of tho tcrruiuals and !Javo OIU · 
pi<Jyed as tho other terwio~l a solid cood uctor 

•s and provided various moans fo•· llr·iogiog tho 
two into rapidly-i n termittent contact. 

'fho disti nguishing featu re of my present 
improvemen t lios ch iefly in the use of a con
ducting liquid fo r both tho term inals u nder 

30 coud itious wbicb pcrn>it of n raph.lly-inter· 
rn itteo~ contact IJetwccn thcUI, as will be 
horoio set fortb. · 

T bo accoulpauying druwiog illustrates At• 
apparatus embody iog the pri ud pill of my s:> ill 

35 inqJroveweo r .. 
T he figure i.$ 11 ccotr:\1 l'ortica l section of 

t bo cit·cu it-cout rollc•·. 
I n tlle drawing is showu t~ rtccptacle ~om · 

pos~u of t wo cy liodrical met.• I lie portion ~ A 
4 0 A·, socuroo together by bolt~ I; u nll outs C, 

h u t insu lated fr·oru eAch other. The recep· 
laclu is joornn.led, by mcaus of tr·uo o ions 
fo r1uot.1 ou or s.ccurctlt..o its cuds, io standards 
D D, 11ud a oy ~oil.ablc mcau.< i~ emrjloyod to 

45 iru purt r·ptatiou to it. 'J'u is is convcu icotly 
elfec t<.'<l by con~tructing or organizi ng tl.to rc· 
cept.~clo iu sncb rununor to at it m:~y servo ll.S 
tl.to rotating olemcot of au c lcctrowugnctic 
motor in conjunction with u surrounding 

.;o stationary clement Ji: E. 1'llc abutting ouds 
of the t1ro p:1.r ts of tho •·ccoptaelo aro formeJ 

"' it.h luwnrd l y·cxlc ruluq.~ fla o ~us F , which til· 
v:cl~ u,., poriphornl pi>l'l ions of t lte rccApt:l.· 
cle in to two C<llll pn •·I rncn Is (; G ·. lnl<l ouo nf 
tlJ~o couapal'tmcnt.-;, ns 0, oxt.<·nd:t n. F-pindlo 55 
If , l:a.\'iug it..."4 bcarinti in llH' cntl ur II!(\ part. 
A :.tucl t.lao t.r·uuuit1n soeurc-tl t..c• o r t·xtc•ndiog
thorofroUJ. lut..o t11e other <:uu:par tu1<:11 t G' 
ox tnuds a sp indle I I', s inoilarly joui'U,,INl in 
tho end of part A' and its t.ru u niou . En.ch 6o 
spindle c<Jrrios or is forrned witu n wei;:ht<:d 
u1·m 1\, which, I'Ontnlning iu n YCrlir·al posi~ 
lion, holds its spindlo SL<lliooary whc:u tho 
roceptado is re,·oh·ed . 

To tl•o woi;;iltod arJU of spinul" ll .ts secured Gs 
a st.3ra):\.rd L, carryi n:.: a tulm L', with ono 
opcu ond in close ,l rf•si uu t.y to tho. inner po· 
riplwr:<l w:.ll of lioli •Cornpar t m~n c U .~nd tho 
othor d1rected to.v:.i<.ll.he axis, !Jut iuclincd 
toward tb o opposite coulpllrln,ont. T o tho 70 
weighted a r·m · of spindl() II' i~ sitoilnrly so· 
cured a standard M, wh ich i8 hollo w and con
stitutes a port ion of 11 d uct or passn::o wbiclt 
oxtcuu., tbrou ._::IJ· 11 pnrt of tho spiutllo not! 
opons through u nozzle hl' Into a circu la~ 75 
chamber N iu tho wall or l.h.., pnrt A'. From 
this chan•ber r uo passages N' to noz::los 0 , iu 
position to dischargo jots or streams of.lrq uid 
iu such di rect.ioos as to intersect, whoo tho 
noz•les aro rotated, n stronw i~suiug frow t bo 8o 
ond of tubo L'. 

In ouch portion or compnrtnt~n t of tho ro
·ccptn.clu is plnce<l11 q u11n tiLy uf a cootluctiog 
liqnid , such n.s roorcury, Rod tho oods of tl.to 
tubos 1.: aod M aro pro>id od with oponiogs 85 
1v!Jich tako up tho mercu ry when on t be ro· 
tnl.ion or tbo rocept.~clc it is ca rri~d by t eo· 
tl'ifugal force against l ho pcr·iphc ral wa'Jl. 
Tho mercu ry whoo takon up by tho tube L' 
i,;sucs in a stream or jot frvru the inner eod 9~ 
o f ~nil! tube nod is p rojcclod In t-o t ho com· 
(Jill't mont G'. Tho uHlrcury taken up hy tho 
tube M r·uu~ in to tho circulnr cL11mbor N, 
from which It Is fo rced thro11:;b tho pRSsagcs 
N' to t ho ooz•lcs 0, frolll wh ich it is•u~~ iu 95 
jet..~ or str<~ms directed io to tho co~npart· 
mont G. As Lbe nozzles 0 revoh ·a with tho 
r·eceptacle tho str<iams which iss no from thew 
will thercroro bo ca rried across tl.to patb of 
t ho strenm which is.~ues from t he tu be L' a ad ro< 
whicl.i Is statiooa•·y, llnu the ci rcuit botwocH 
tho two compa rtmcu t9 will b9 complclcd hy 
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the streams whouever they intHsect and in
terrupted a t all other t imes.• 

Tbeeontiuuity of the jets or streams is not 
presen·ed ordinarily 't<> any great distance 

5 beyond tho orifices from which they issue, 
and hcnco they do not servo as conductors to 
electrically conncc; tho two sides of tbe rc· 
"cptaclo 9oyood their poiut of intersection 
with each othor. 

to It will be understood that so f;tr aHbc b•·oad 
fcntu re of mtt.intaiuiog the terminal jets is · 
conce rned widely-different means may bo em
ployed for the purpose and that the spindles 
mounted in free. bearings eonce_ntricnlly witb 

t 5 tho axis of rotation of tho receptacle and held 
against rotation by the weighted arms eonsti 
tutc but one specific way of accoruplishingUtis 
resu lt. T bis particular plan, however, hns 
cort.~io ailvantnges nnd may bo appl ied to cir-

•o cuit-controllcrs or this class generally \<hen
ever it is ncccss.'l ry to rnnin tai n a stat ionnry or 
ucarly st.'ltionary Uody within n. rot:tting rc· 
ccptnclo. His fur,tber evident from tbo oa
tu t·c nf the cnso that it is ll<>L c.s-~ential thnt 

•s tho je t or jets in one couoparhnc:lt o•· portion 
of th(l i n~trumenL should be st.~Liotl>:ry :mel 
tho others rol<'Lting, but. only tilnt thc,·oshonhl 
Uo such rc1al-h·t). mo,·crocn t. Lc .. twecu t.hcm ns 
t.() C.'\:USG the t.wo ~CIS to come iuto ritpi<l\r·in· 

.10 term itt en t con tnct i!l the operation of the cle
\'1 ('0. 

'fhe nun1bcr of jets, wbetltor st:1t.ionary or 
r()t.:tting, is purely 1\l'bitrary; l.ml( s!ncc tho 
c~ncluctiug Mu id is directe<l fo·om ooo COIII-

35 fJtl!'huonL iato tho ot.l:c!' th<! a~gl·t;g:tto:nnoun L 
normally t1ischargccl from t1Jo tt:uupnrt.ni<:Hl!i 
sbou lcl be appro~i111ately equal. l!owc\'Or, 
since there alwnys ex ists n tcud~ucy to pro· 
jcct a !(rente•· qnnutity of the Ouicl from (.hat 

40 comt>fwtmont. which c.ou tainst.hc greater inLO 
·th11~ wb ich coot~ ins t ho lesser nmonnt. II O cl iC
ficulty will be foti nu in th is respect in mai tl· 
taiuing the proper condi tions fot· tho satisfac
tory 0p1:ration O( t.h() instrument .. 

45 A ~prnclical aU van t:tg\),cspceitlt!y i m po1·!.3 nt 
when n grcnt number of brMkS per uni t of 
t iUJc is desired, is sccur~d by noalcing f.loo 
u u m bet of jets i c ono com parltnen t <"·,~n and 
in tho othct· or.1t1 aru.l pinci n~ <'.'\Ch jl!t ::iYJU· 

so . tnctl'ically with I'CSJIOcL tO th o ccnlCI' o( t'ot.a
tiou. l 'refcrrtbly t.h e ilitrerencG between t ho 
n nm bcrof jets should be one. By s uch means 
the d istflnces bet ween the jets vf each set aro 
made tJlc greatest possible nod burHul short-

55 ciren~ts aro· avo id ccl. 
For the sako of illustration let th o number 

or jets or nozzles L ' in one compMtmcnt be 
~i uo nod tho number of those mnrkcu 0 in 
the ot.hct· compnrtmcnt t en. : Then by one 

6o revol ution of the rcccptaclo thoro will be 
uincty makesnnd breaks . . 'foatlain tbcsamc 
result with only one jet, as I/, it wotilcl be 
ucccssary to employ ninety jet.~ 0 in the other 
comp:\rt.mcn t, and th is woulcl bo objection-

os .able, u !>t only l>cc.:\uso of tho close pt·oxinoity 
of tho JCtS, l!ut nlso of t!JO great qu~n tit .. v of 
tJ uid required to maiutaiu them. 

30 Nikob Tesla 

In tho uso of lho instrument as ·,. circuit
oontroller it is merely n ecessary tu con nect 
tho two insulated parts of t bc receptaelc to 70 
tho t\Vo parts of the circuit., respecti\'e!y, 1is , 
by causing bru~hcs X Y, counectecl with cir
cuit-wires, to beM at nny suitable poin L.~ on 
the·said two p;trts A .'\. ', 

In instruments of this chat·ncter in whieh 75 
both terroinalsnrc formed by a licjuid clement 
there is no \fenr or detet·iot·ntion of the tor· 
ruinals and t he contact. bel we-ott l1u..:Jtt i:; ruoro · 
perfect. 'fbe dura bilit)• nn<l eflicicncy of t-ho 
devices aro thus \'ery gt·cntly illct·ease<l. 'So 

H :\v iog nO\\' desct·ibed my in\'ention, wh:tt 
I cinim is-

1. A cit·c·uit-conLI·oller comprisin~ i Ll CO lit· 

bi na lion means fOt' prod uc i n;;.st·r~nms or jets 
of cor.duct.ing liquid forming the tcrmim,ls, 85 
:nul menns fOL' briJ·tgi 11g tho jPls or SLr~ams of 
the t·cspccth·c termina ls into i nt~:rmiltcnt 
con t.>tct with each other, as set fot·th. 

~- Inn. ci rcuit-controller, the comUin:-tt ion 
with two sets of orificesad:tplc<l to <l ischa•·l!c 90 
jets in di1Torcnt din!ctions. mc:ws fur maiJI · 
t.'liningj~ tsof conduc t.in:; liquid t hrnu:;h snitl 
ori Cic:es, and 1ucnns for sno,· i u~ !'a.i cl ori lic·c' 
rol n.li n~ly to 0~\Ch othor so t.hn i the jr;l."i fr0m 
thO!:!C of ono set will iut.r:rm:llcut ly iulcrsc1;t. YS 
thoso from t..ho other, :L') St:!t. for! h. 

3. 'rlw cornbinatiou in:\. circu i~-r.on lni11er 
of tl u cts and mea us fOl' dischar·gi ng thcrcfl'om 
sll'cams or jet~ c.r <.•ontltt(·tiug fluid io c1Cc · 
t f'ical con tact. with t.bo t.wo p:ll't .. <; of t.hcci 1·~u i t. too 
rcspecti\'cly, the 01·ir,cc~ of said duct.~ bcoiu~ 
en pnl>lc of movctucut rclall vcly t.o each ot hc1·, 
whereby t.he str·ea1ns c.Jisclli\ l';;cd therefrom 
wilt in tersect at inlct'\':tls dn:-ing their rein · 
t i vo mo,·cmcnt, '' ud m>lkc nntl l>rc:\1< the clcc- "'5 
tric circuit1 ns set fot'Lh. 

4. Jn n cit·cu it·con tr~ller the combinntion 
'""J th on a Of' an oro sta tiuuary no~zl cs :tnd file.'\ OS 
for c:tusiug ;( conducting fluid formiug 0110 
terminal to issuo thet•cfrom, of one or moro t to 
rotAting tubt's or nozzles, mc.rtns ior causing 
n conducti ng liquid formiu:: tho vlhor ter
minal tp issno thcrofl'om, tho said l'IJt.nting 
nozzll'S bci ng mo,·ablo I hJ'Ouglt StWh a pnt.b as 
t.o causo t..hc liquid issuin~ thOI'Cirom to in~ u ~ 
t<lrscct thnt frpm the s tntion a ry nozdcs ns set 
forth . 

(>. 'fho combination wit.h ,a rot:1ting rcccp
t:ielo clit·idetl iut(> two insulatc.cl eompart
mc·nts1 a spindle in one eoznpl\l'tnwut with il.s t ! O 
axis concontric with t hnt of tho receptacle, 
mea us for opposiu~ tho l'ntation of saicl spin · 
ille, nnd n tube Ot' d uct carrictl by the spiutllo 
:\nd adapted to take up a conclucting /l uid nt 
one end from the iu ncr pct·iphery of tho com- 1 ' 5 
pnrtmcot when tbo t·ocept.aclc is rot.atcil and 
<lircct i t from tho other cncl in to t.ho other 
com pnrtmcut, of 1\ siro iln r spi udle i u the ot.her 
com part-mont. nnd mc:..os for opposing its r<>· 
t.~t.ion, n tube carried by tho spiwllc a nti h:\Y· '3" 
iog an oponiug nt one Ntd neat· the iuncr pc~ 
riphc ry of tho comp.'\rtmc n(. :m<l cl i.schm·ging 
into n chnmbor from wh ich lcottl ouc or moro 
passag~ to nozzles fl~:{!d to t.hc rot.tlUug rc~ 
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ceptncle nnd ndnpted to discharge across tho 
pa~h of tho jet from the s~tionary nozzle, as 
set f1>rth. 

6. In A cireult-controller the combination 
s with 11 rotntiog rocoptaclo of a body moontod 

therein nnd formed or pro,·ided with a 
weighted -portion eeccotric to its lUiS which 
opposes Its rotntion and a tube or duct Cl\t· 
ried uy SAid body and adapted to take up a 

10 conducting Quid from the rotating receptacle 
· ns sot forth. 

7, Iu n circnit-cont-rollet the combination 
or two seta of nozzle'S 11nd means !or pr3joot.-

. 
log from _tho same, jots of cocducting ftald 
wbicb coolstitato respectively tho torminals 15 
ot the oontroller, means for moving the not- , 
zlee relAtively ((I each other 10 that th'o jela 
of the two seta are brought aaccesslvely Int.<; c 
contact, t he nouleaof each set being arrangod\ 
symmetrically abont &n &xis of rotatloo,thoro 2o 
being one more noz.zlo in one set t.h4n in tho 
other. ' 

NIKOLA TESLA . . 
Witnesses: 

M. J,AWSON DYER, 
0. W. MAnTLING. 
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'J;, lll/ I.Phnm, il 1ntty rour.t'rn: 
Bo it. kunwn that. I, Nll\Ot.A Te..o;r..Al or thn 

hurouc:l• uf .Mnnh:'\tt.an, in t.hocit.y ,couu Ly, :'lntl 
Sl~te of Now Y <>rk, Jmvo invented corWiin new 

s and u~ful Improvement.~ in Circuit-Control· 
lcrs, of which tile following is a S)lCciOcntion, 
rcrereoco 1\(ling hru.l to tho tlrnwin!,'S aecompa
nyin; and Curu1ing n pnrt. of the s.'\mo. 

In an Applic.."\Liou tiled by me on .Juno 3, 
10 1":397, Scdul No. G:l9,227, I ha•·e shown nntl <lc· 

scril>cd n tlO\'icc for makirt;; antl b1·Cf\king :m 
electi·ic circuitcompri5lug n rot:\ry reccptncle 
containing n conducting lluid and a terminal 
mouote<l within lmt independently ur Lhe re· 

1 s cept:tclu :uul Cltustod by tbo rol:tlion of Lho 
latter LO riu1l:o and brc.~k olectric:tl cout..~ct 
with Lho Onltl. 

'J'ho invont~on on which my pro•rnt appli· 
cation is bnse<l is nu lmpro\'omcuL in 0•)\'iccs 

>o vf l.hi• purlicular elM.,, nod ha.q primarily ns 
its objccl. the pro<lucUou or a circuit·COD· 
troller in .which an imlcpendcutly-mountell 
torminnl operated in n shnilnr mnoncr by a 
rot..'\ting body of conductin;r Ouill mny lie in· 

•s closed within a gti!Hight receptacle. 
Tho invention comprises features or. COD· 

Rlructi<on by which this object is prActic.'llly 
seen red nncl certain iu1provement& oppl icablo 
to thi~ and other nnalogousdoviccs, R.S will bo 

JO mor.l fully hercinilftcr SCI. forth. 
l n thonccompanying drawlnJ..~, Figure 1 is 

vortic:tl central section or tho improvod cir· 
cuilrconlroller, a nd fig. 2 " LOp pla.n ,·Jew of 
lito !l:llnO ''iLh Lhe Lop or cover of tho rcccp· 

JS Laclo r<>movcll. 
1'ho oper:lti\'O portioM of the circnit·con· 

t rolling mocltnnism M C cont..'\incd lu ~close<! 
cylindrical receptacle A, of iron or s teel, 
mouutcll on a spinulo U Inn snitablo .ockcl. 

,o or snp)IOrt C LO permit it LObo frooly nnd rnp· 
idly rota Led. Tho 800ket C is Aecurcn 1.0 or 
foro:s n part of a bD.so or Ntnnd D. 

As n me!lus ot nroducl ng ~be propor rota· 
lion of ~ho roooptnclo A, I llave showu n field· 

45 lnl\giiOt f:, UlODOlO<l"On 01" SCCUJ·cd to thd !Jnso 
D, nnd on nrml\turo "F, supporto<l by n brncke~ 
G from tho uuiior "ido o£ tho rccoptnclo A. 
'l'hosao•o brl\eket also cnrrillSa so ri o~ of com· 
mutntor • oogments If, upon which bel\r 

so b rashes I, these part. boi<~g nrrnngod to coo· 
stituLO a n olcctrc:mmgnctie motor with -'La· 
tlo,r.ry JiG!il :mil roUitio~; nrmntnro. It r •:>y 

bo stntetlth:IL any other suit.nlllc 111<·nos lllR)' 
bo cmpluycllw rol:llc tit<! rc'<'•' lltaclo :uul tho 
Ouiil. SS 

Jn tho spin•llo Band <·oncontric with its 
axis i~ a spilullo J in \.leMing~ sp~cinl l y con· 
strncte<l to rcuneu friction in or<lcr I hat tho 
spindle J .nny b<' ns littln ns possible iulln· 
cncc(l by the rut.'\ lion of Lhc main Sl>incllonn•l 6u 
rcCOilL~cle e.~ITic•l thereby. A suit.tlllc pro· 
\"islon is D111dc to O))llllSc or pro•·ent the rotn· 
tiou of tho ~pintllo .r <lul"ing the I"Olation of 
lloc roeepl<lclc. I have dc\"1~~·1 f01r this IIIII"· 
pu~o tho follow in:;: • G~ 

Tho spindle 1: iR hcltl by its bcarin;;ll nt nn 
nn~:Jo LO 1 he .-~rticn 1 ,nnd n wci~:h 1. K i~ S<'CIII"C<l 
occont ricnlly 1<1 t1111 spi.ntllc .I an<! lend~ to hol!l 
tho enid Hpindlo ,.rway:< in one poSILion. "J'ho 
i ocli nlllion.of th oa xcsof rot.ntiunnccc.ssa ry Cor 70 
t.his rosult may 1>0 tsuhstaut.ially thnt. shown 
nucl s hou ld not. bo matcrl:\lly bfe:ltcr, for tho" 
rc:.son that. it is espccinlly ndvnnta:;con~ LO 
pre5en·o Lho spinilles Anti bc:orin;rs as nearly 
ns pr~~etiMIIlo •·crtic:ll oo nccon nt of lesser 15 
fl"iclion nn d ensic r I u b l"icn Lion. 

Att.nehe<l LO tho •piodlo J or we ight. K is an 
iosnlnt.cd bracket ·L, carrying t1 standMd or 
socket M, in which is ruonntc•l on nuti f riel ioo • 
be:lrln{.'S a spindle N. Secured to this latter 8o 
iAn plat.c \<i(h rnllinl :trm~ 0, from which de· 
poud vnncs 01· bhules 1', with projccti ou~ Q 
oxtoutling rndially thcrofrum. A shiohl or 
screoo R inclost~S tho vanes, except on the 
•ido ndjnceut to the inner periphery or tho Ss 
recoptAclo A. 

A ~mnll quantity of n conducliog Onid S iM 
plnccd in. tho rocoptnclc, IIU<l in order to ~o· 
curo n ~:ood elccLrical cooucclion bctweoutl:o 
VllUM P nnd n tem>innl ou tho outside of tho 90 
receptacle :umnll moreury-cup T, in mct.'\111<: 
contact. with tho \"nucs throu~;b tho bracl:ot 
J. nod socket. M, i~ socurcll LD the weigh!. K. 
A moWII stud V, so~ in an insulntcd bolt W, 
projoct.~ iot.o tllo cup T through a Jiacl.:~•l 95 
opening in its cover. Ouo LOrmlnBI oC the cir· 
cuit-eoutrolling mcr.h:misw will thus bo any 
p:lrt or ~bo mota! rcceph'\clo nnd tho othor 
t.llo losul:ltcd \lolL W. 'J'ho appnrntus mny bo 
couooct.cd "I' lo circuit by conut ctiu;; tho 1c' 
wires of tile circuit to a Lru&h X, bcnriuc on 
tho bolt. W, nod ton bh:ding-post Y iu cont.nct 
with tf!o bnso D. 

•ro O)lCr:lte tbo 11ppamtus. \"" ~<Y.'cptnclt- Is 
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so~ in rot.:l~iou, nod as.its spood increases tbc 
mercury or other condPcLiog I! aiel which it 
contains is carried by ccntriCug:~l Coree up the 
Rides or tho inner wall, ovor which It spreads 

s inn layer. When tbis layer rises sumcienlly 
to cncountot· tho projections Q on tho blades 
or ''nncs P, thelnttornreset in rapid rot.:ltion, 
and the cloctrical connecUbn between tbe ter
tninnl or tho apparatus is tboroby made and 

10 brol:on, i~ tony be, with very great rapidity. 
Tho projections Q aro preferably placed at 

dltteront heights on the vanea P, ao as toe&
curo gro.,tor cert.ain~y or good contact witb 
tbo mercury film whou in rnpld rotation. 

·S As to Uto Corms of tbe circuit-controller 
horotoforo rofcrrod to Rod upon which my 
Jli'OSont Invention is an lmpro\·omont the 
IJiudcs or v11ncs P mny bo regarded inn broad 
son so ns typical of any device-such, for ox-

•o nmplo, ns n st~lliform disk-which wil l be ~Set 
and tnf\intained in rotation by thRtor tho re
ceptacle. So, also, h11ving regard t.o tho fea
ture of my invention which pro,·ldcs for 
nmlnt!\lnlng such n de\·ico In O(lilrRtion in n 

•s reccpt.ncle which may be hermetically scaled, 
so tl:j t.o IJo capable of containin" an inert mc
<lium under prossuro in which t~e m11kcs and 
IJroaks occur and which medium is pr·acti
c.~lty ossonUnllo a lon"'·Continuod and eco-

JO nomicnl opcrntion of tho do\'ieo, I mny om
ploy other and widoly-diltoront mcnns for op
posloj: or provcutlo~: tho rot4tlon of tho pMt 
c.~rrytng sucb \'ane>s in the diroction or the 
roiMion of tho rccept.nclo and ftuid. 

lS 111\vlng now de:;cribed my !nveotlon, what 
I claim is-

1. A circuit-controller comprising, in com
hi notion, " close<l ·reecpt.ncle containing a 
ftuid, mean~ for rot.:lting tho rocopt.nclo,a sup-

to per~ mounted u-ithin tho roceptRCio, mMns 
for opposing or proventing ita movement in 
tho direction of rot.ntion of tho rccoptncle; 
and t\ conductor carried by snid support nud 
ndllptod to make nnd brenk oloctric connec-

.s Uon wilb tho rocnptl\clo throu:;h tho ftuid, nt; 
sot forth. 

• 

2. A circuit·controller con1prisiog, io com· 
biuatlon, n terminal capnblo of rotation and 
formed or provided with mdiating contacts, 
a closed rocoptacle contniuin:; a Onid which so 
constitnU's tho opposite tormrn11l, monas for 
rot.nting r.ho receptaclo,asupport tberolu for 
the rotating torru ical, and me11ns Cor "PPOS· 
ins: or preventing the rotation o! the dllpport 
In tbe direction of the rotation or tho rocop- ss 
tacle, as sot forth. 

S. In a circuit.oontroller, the combioatinn 
with a roc:eptllcle capable of rotation about 
an axis Inclined to the vertical 1\nd cont.aln· 
iog a Ouid wbich constitutea one tormilllll, a 6o . 
eecood terminal mounted within the recep
tacle, oo a auppor·t capable of ff'O<l rotation 
relatively to tho receptnelo,nnd 11 • eight ec
.contric t.o tho axis of rotation of tbo support 
for r.aid terminal for opposing or l•rovontiag 6~ 
Ita movement in tho direction or the rotation 
of the 1111id receptacle, RS set forth. 

4. The combination with a rccept.ncle 
mounted to rtwolvo 11boutan axis inclined to 
tho vertical, of a spiudle wilbin tho re<'cp- 70 
tacle and concentric wi~b 113 axis, n wcighL 
occontric t.o lbo ~pindlo, Rod a torwioal ear-. 
ried by tbo anid apiudlt-, and adn!•t.ed to be 
rot.:ltod by a body of conducting ftuid ooo
t.ained In thn reccpt.nclo whoa tho lottO? Is 7 s 
rotated, AD. ~ot forth. 

5. The combinntion with a rocoptacle 
monuted to rotate 11bout nn ox is iocllood to 
tbo vorticRI, a spindle within tbo rocept.sole 
and concentric with ita axis, a weighted arm So 
attached t.o uld spindle, a bracltot or arm 
also secured to said spindle, a rotary terminal 
wilh rndlatlog conlllct arms or vanes mouot.-
ed on s.'id bracket in position to be rot.nted 
IJy a body or conducting fluid cont.ninod In Sr 
O:lid rocopt.no.lo when said fluid is displRCO<l 
by contrifugnl notion, liS set forth. 

NIKOJ.A TESLA~ 
Witnesses: 

M. I. A WSON DYKR, 
G. w. rtARTu:-:r-



P-278 

fl o. 60\1,247. 

• 

H. 'TESLA. 
.'atented Aug. 16, 189.8. 

ELECTRIC CIRCUIT CONTROLLER. 

• -· -



UNITED STATES PA1ENT OFFICE. 

Nll{OLA TESLA, OF NEW YORK, N .Y . 

ELECTRIC-CIRCUIT CONTROLLER. 

SPECIFICATION forming part of Lett<>ra Pat<>nt Np; 609,248, dated Auifuat 10, 1898. 

!ppllcatle• ll•d lUrch 11, 1898. Sorialli'o. 673.&&9. Ole m..!oiJ 

Tn nll wl~ont it m.a.y Ctln.Ccrn .. 
n~. it known thnt I, NIKOI.A TESt.A, of tho 

Uorou~h of Manhatt..'\n,in the city, county,nnd 
Stntc of New York, have in von ted cct·t..~in new 

s and useful.Improvements in Circuit-Control· 
lers, of which th~ following is a specification, 
reference being bad to tbe dt·nwing accompa-
nying nnd forming a part of tho sanic. · 

In prcdons 1\pplicntions filed by me, nota-
to bly in Scrinl No. GG0,518, filed December 2, 

1807, and others, I havo shown nnd described 
,·nrious forms of electric-circuit controllers 

. in whichnronducting fluid is used (or one or 
both of the tllrmi.nals. Theso contrivances, . 

•s while npplicablcgcoernllyasn means of rnl\k· 
ing nnd brcnking an electric circuit with 
great mpidity, were devised hy nrc more csp6· 
ci.~IJY fo•·use in my now well-known system of 
clc~trical con,·orsion by means of condenser, · 

20 discharges and !or this rcnson have been do
signed with especial rorereoco to tho peculiar 
nod cxcoptioonl conditions \vhicb obtain io 
&nch systems. My present invention is an 
im'provomont in circuit- contt•ollera or this 

:s k'ind,aod in orderthattbeobjectnod nature 
·or tbc improvement may be more readily un, 
ucrstood and appreciated I may refer briefly 
to Lite more es.~ontial characteristics of tho 
devices described before Opon which tho 

;o presontimprovcmentis bnsod. As it was pri-
. marily essenti:tl that t.hese controllers be ca

pable of mnking and breaking tho circuit at 
a \'cry rapid rnto nnd as suc.h n result could 
not be secured r•·ncticnlly or cconomicnlly by 

JS any of the ot·diollry devices employing rigid 
cont..qcts or terminals I wns led to.inventnp
pnrntus in which tho circuit connections were 
ost..~blishcd nod broken bet,vcen a ri~:id ter
minnl nod n fluid conductor or between two 

40 fluid conducto•·s in tho form or jotsoratroams. 
In the fom1s of appnrnws employing" rigid 
or solid conductor as one tcrminnl11nd a lluid 
as tho other t.ho mnkrs nnd breaks of course 
occur always bet -.een a solid nnd n fluid tenni-

45 nnl, nn•l nlthouglt tho opomtivo parts of my 
impro\'ed circuitrcontrollers were usually con
t.~ined iu air or gas tight recoptncles aud in 
11n inert mcdi urn, both for tho purposo of im
proving their action and preventing detorio-

so mt.ion or tho terminals, tlioro is still a. lin
bility to wear of tho rigid or solid terminal. 

U ndor certain conditions, as when tho cir-

cult-controller is operated fro•u a source of 
.airoct current, tho deterioration of tho solid 
torminnl may bo rontcrially reduced by con· 55 
oecting it to tho negative pole of the geoer· 
titor. No,·crtbeloss, thoro \viii be ·always a 
·stow wearing tl\vay of the metal, which -to 
0\'orcome entirely in a novel mnnoer Is. the 
object of. my present improvement. To do 6o 
this, I effect theclosnrcof the circnitthrough 
two parts of conducting fluid; butinstcado! 
brenk ing the circuit by the movement of these 
two· parts or terminals, ns before, I septitate 
them poriodicnlly by tho interposition of an 65 
insulator which is preferably solid nn!l','. re
frnctory. For example, I provide a pln,te or 
disk with teeth or projections-profornbly of 
glass, ltwa, or the lik(l-\Vhich nre caused hy 
tho rotation of the disk to pnSl< through the 10 
fluid conductor, jet, or wbnto,·er it m11y be, 
aod thus effect n make nnd l>renk of the cir· 
cuit. . . 
· By meansofsuch adevico tho l>ronks nlw'nya 
occur between fluid terminal•, nnd heneH'do- 75 
toriorat iou and conscq nco tim pai rment of tho 
qualities or tho apparatus nro nvoided. 

A preferred form of my imprO\'Ud circuit
controller is illustrated in the accompanying 
drawing, which shows 11 central ,-erticai snc- So 
Lion of the same. 

The two tormlnals nrc con tained in an nir
tight rec~ptncle A, of iron or stc~l, which is 
mounted on n spindle B in a snitablo socket 
orsupportC,so as to rotate f•·ccly. Tbosockot 85 
C issecu1·ed to or forms part of a hase or stand 
D. Any suitnblo me11ns m11y be employed for 
effecting the rotntion or tho rccoptaclo, nnd 
in illustration of a con venicnt nnd practicable 
means for this purpose I h:H'O shown an ar- 90 
m11turo E, securod to a cylindrical oxlousion 
of the receptacle that surrouods tho socket 
C, and 11 ficld-mngnct F, which is supported 
independently and is stnt.ionary. The armn· 
ture-coils nro coonectcd with tho segments S 95 
or n commutator ori which bear brushes G. 

In the spindle Band concentric with its axis 
is a spindle II, supported on bali-bearings or 
otherwise arranged to havo a freo movement 
or rotation relatively to tho spindle B, sons 1oo 
to bo II$ li~tlo as possiblo iunuenced by tho 
rolntioo of tho latter. 

: Any couvonl6nt means is~ provi(lod to op
poso or prevent tho rotatiou of tho spindle H 
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dunng the rot~l.ion of Lhc r~cepLac le. ln the in this •-cspccL l <lo nut l imit mys<>lf to t.l10 65 
pnrticulnr an-nngcment hero shown for t his p;>rLicu iM form hcrcit> s hown. 
pnrposil n wei(:hLo•· " ' eighted nrni J is secu red ' What r claim is- · 
to the spindle II and eccent.r·i cally to Lhenxis I. In nn electrica.l-circui t con !.roller, tho 

5 of t.ba latl('r, nnU ns, tl.Je bearing for tho spin· combinat ion wit h a conductor funning one of 
die B holds t he SU01C at 1'\0 angle lO the VCr· t hO tcnnin:tlS,Of mcnnsformnint.ninin~ :\jet 70 
ticnl th is weight. n<:t~ by gl't\\·iry to hold t he 

1 

or Sli'O..'lm of conrlnctin;! flu i•l fol'lning t.ho 
spindle ll stat.ioonry. othE" r t.ermin:\1, ancl direc ting it. against said 

s~curcd· Lo the top or cO\'cr of the rcccp tn- conductor, and n body n<bptc<l to be inter-
to clo A l>y a stud K, which pas.~es through an mittcntly mo,·ed through a nd to intercept tho 

insulntiO"·l>ushing in >SAid cov~ r and is held jet or stt'CIInt, ns set fort.h. 75 
by a n ut t, is 11 c ircu lar disk M, or cond uct- ~- In an eloctric.~l-ci rcu it controll~r. the 
iog mntcri:ll, p1·crcrably i ron or st.ecl, hn\'ing combination with a rigid terminal, of means 
ilR edge turned down•<nr.dly and theo in- for directing ngninst such terrn;na l a jet or 

r; Wllrdly to provide a peripheral trough on the stream of co nd ucting fl u ill in elcctt·icnl con-
under side of the disk. ncctiou wi th the other terminal, nnclll body So 

To tho uoder si<1e of the dj'sk ~~ is secu r-ert adapted to bo intermitte ntly tnO\'Cd through 
t\SCCond disk N, having do<V>ward ly-i ocli ned a orl to in t.e rcept tho jet or s t rcnm, ns set forth. 
peripheral projections 0 O~oliosulnti ng and 3. In an elcct r·icul-c irc uit controller, tho 

20 prcfcr;tllly re.r rnct.ory m:lt.C''riaof, in a ci rcle con· combinn.tion with a rigid t~nuinal, or m<"nns 
cen t.ric with tllc disk M. for Uircct.ing ng:lin~t such t.crmin<ll a jet or Ss 

A wl>e or d uct Pis mounted on th e spind le strearn of conducting fluid iu e!ect.ricn l con -
Il or the "'eigbtJ and is so arranged that the ocction with the other te rm inal , a body htl\'-
ori flee a tone end is d irec t ~d out war<lly tow" rd i ng a series of rad in I projections 11 nd menus 

•s the t rough of tbe disk M, while the other lies for rotating the s11meso t.hnt the ~aid projec
close Lo tl>c inn er pcriphcml wall of tho rc- tioos will in termi ttent ly intcrceptthc•trcam 90 
ccptacle, SQ that if n quantity of nrercury or o r jH, M set forth. 
othercouduc ting fluid be placed in the reccp· 4. In a circuiL·con t r·oller, tho cornbinn tion 
t.n clc nnd the Jat ter rotated t.ho tnbe or duct with a rot.:try conductor form ing one tt>nni· • 

30 P, being held stationary, willtnkc up tb e Ouid ual , utcans for di recting 11gninst such tcrrni 
wh ich is carried by centrifugul acl >ou \I P the nal !I jet orst.r~am of cond ucting fluid in elcc- ? S 
sifle of l he recept acle a r;d <lei i vcr it. i o a st.rc:un t ri cal con nect.ion with the ol.hc r t,c r111 i ua 1. n nd 
or· j et ng-a i ust. the trougll or flnuge of the d isk a body with spaced projections mounted to 
l('J oragaiastthc ioocrsurfiiCCROfl hoprojcc· rotate ian p11 th .tbnL intercepts thojct or 

JS lions 0 of' disk '!' , as tbc c.1se mn,v be. st ream or fl u id, assc~ forth . 
Obvious!y, sin~c the two disks ~1 and N ro~ 5. 'In a circu i t-coutroll<'r, the C'Ombinnlion 1oo 

tnle wit b respctt to the j et or st ream of fluid with n rotary cond ncLor fonu in;.: one termi 
issuing from th e duN P, the elcctricnl con- nal, .and means for •lir·ccting intcrmittcnt'J. 
nect ioo between t he reccpt.1cle nnd th o disk against sucb te rminal a je t or stream of flu rd 

4c M through the fluid will be compiP.ted by the in electri cal connection witb the other t.ermi-
jct when t lio Inlier passes to the di~k M be· nnl, the part of said rota ry conductor upon 105 
tween the projections 0 ttnd will be inter· which thejeto r st.rcn m i mpin~cs being foru> e•l 
rupted when e,•er !he jet is intercrpte<l by tho so as to retain, byccntri fu;;al force, a portion 
snid projections. of tbo fluid directed agninst i t., as set forth. 

45 Tbo rapidity and the rclali\'O du rat.ion of v. The combina tion of the receptacle, the 
t ho mnkcs :wd break~ is det.crmiu<'d by 1he conducting-d isk secured wi thin it, the insu · t 1e 
speed of rotation of the receptacle tiiHI the llltC<l dbk with pcriphcml projcct.ions and 
Jlllllll>ernod \\'idth of the iolc rrcpt i n~ pntjC'C· t hO StaliOn:try tn\)O Or duct. fOI' tli i'CCling a 
lions 0 . 8ti'CIII!1 Or jet of COnUUCting fl uid toward ti<O 

50 By forming tl!nt portion of the disk ~I with couducting--disk a nd across tho path of tho 
which tho jet makes <·ootact ns a tr·ou;.:h, p rojection$ 0, as set forth.. 115 

which will retain when io rotation n portion i. T he combination of tho rccoptnclc, th o 
of tho llnid directed a::ainst it, a ve ry useful coud ucting -<l isk with a pe ri phera l t rongi<
fca tu re is secure<!. Tho ll uid under the ac- shapod llan~e, the insula ted disk withpcriph · 

55 t ion of centrifugal forco accumulates in nod ~rnl pr·ojcctions 0 , 11ud tl>e sl:1tionary tube or 
is d istributed along the trough nnd forUI$ n ductfortlirccling n stream 01' jet of concluc l~ 1 :o 
layer O\'er tho surface upon which the jet im· ing lluid into t ho tronzh-shapcd flange of the 
piuges. By this tueaus a vory pet·fcct con· conducting-d isk and a cross t.ht· p11t h of the 
tact is .~I ways secn>·ed and all detel'ioratiou lli'Ojcctious 0, liS set rot·th. · 

6o of the terminal sur·rnces avoided. Nll"OI A "I' '·"SL \ 
Tbo principl e of intcrru pt.ing the circuit. by \ i c. 1 • 

int.crmitlcotly pnssiug nn insulator· lhroug!J \Vi t ncsscs: 
•t lluid couductor may be canied out by runny M. LA \\'SON DYF:t:, 
spccificnlly-di!fcrcnt forms of npparatus, and G. W. lllAHTLING. 
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To alt ruhon• tt may concern: parts, a feature which in deY ices of this kino 
Dei~ known thnt I, NIKOLA TESLA; of tho is often ,·cry desirable. 

L>orough of Manhattan, in the city, ceunty,and In t.ho drn~iug hero to an nexed I hnvo ill u~· .ss 
State of Now York,bavo invented certain new t.rated tbo preferred fo.rm ot apparatus which 

5 and ns6fu.l .Improvomente in EloctricaJ.Cfr· I havede,•isc<l forcarryiogootthc$0 improve· 
en it Controllots, of which tho following is a monts. The figure is a cootrnl vertical cr<i'\.~· 
specification, reference 6eing hnd to tho dl'l\w· section of a circuit-c.Ontroller. 
ing nccomonnying nod forming pMt of tho A designates a roccptaclo, osunlly of iron 6o 
same. or stocl and mounted in any Ruit.&ble munuer, 

10 Tho present application is b<\<oed uron im· l as l>y trunnions 1.1 n, having bearings in 
provQlllcnte in olcctricnl·circuit'c'ontrollorsof st..~odards C 0, so as to l>o cnpnl>lo of rapid 
tho kiriU heretofore invontod l>y mo and de· 1 rot..'\Lion Bbontn horizontal axis. 
"cribod in previous applicntiooR, notably in lo tho particularfonoof devicorrndcrc9n· 65 
an fl.pplic~tion filed. December 2, 18~7; Sori11l Ride ration ·the receptacle is divided into two 

rs No. GG0,518 . . Tbo chief distinguishing fen· parts insulated by a wAsher' D and held' to· 
turcs of theso devices aro tho use of a con· gcthor l>y insulate<l _l>nlta E with nute F. 
ductiog fluid for ooeor both of tho terminals Tlieso two parte are electrie!I.Uy.co.nnected, 
ucder conditions which pormitofn very rapid re.'pcctively, with the two terminals of the 70 
succession of makes and breaks and a con. appnratu8, as boreinaftor described, and by 

:o snnctlon or arrangmnont 'Wblch nl'owa the mr>Rn!> o{ brushes X Y, b~rinl(' at <tny en it 
inclosing c;>f the ·terminals in an air-tight re· able pointe on the two parte or tbe receptacle, 
cept.t~clo in which nn inert medium may bo tbe circuit-cootrollcr is connected with tho 
mnintninod. My clforta to meet tho practi· . wires or a. circuit. 75 
car r~quiroment.! of apparatus of this kind Any convenient means may be employed 

•s h:wo led roo to adopt expedients nod to in· to rotate tho receptacle; but a simple way to 
vont mechanisms entirely novel in sucb de· effect this is to ·surround tbe same with A.· 
vices. For exampl.e, in order to errectn rap· fjold-magoet G nod to make tbo rocoptaolo 

. idly-inter:nittent con.t·aet between hvo tormi· itself tb& a rmature. of an oloctric motor or, So 
nals·by tho use of a jet or jote io a closedre· else to secure to it armai.uro-cores, 1\S IL 

;o ceptaclo. it is obviously necessary to om ploy A body I· is supported by tronn ions J, hav-
specinl means wbi!)h will operate to bold one ing l>onrings io tho ends of the rccoptnclo 
part of tbe apparatus statiooMy while tile nn<l concentric with the axis of rotaUon of 
othqr rotates or to rotate both t.bo essential tho same. Tbe weigM of thG body I I.>Ging 85 
parts or terminals In opP.OSi.te diroctions or, eccentric to ibis axis tends to oppose ite tti rn· 

>5 ns tho ·ctlSO·may bo, in tho same direction nt · iog about the axis when the rf'cep!Bclo is ro· 
<litTerout speeds. · · · tntod. 

Tbo prosect in\'ontion Is embodied in 11 de· Upon tho body or support I, b ut insulatorl 
\'icc for securing, tho proper relntivo mO\'O· therefrom, is secured a verticn• •tnudard K, 90 
mont of thE~ t"·o pl\l'te or terminals or the cir· io which thoro~~ a freely·rot.atal>le apindlo L, 

40 'cuit-coutrollor &ncl involves two salient foa· carryinJl a disk M, with radial arms iuclinod 
turcsof novelty, ono that it provides for main· to tho pll\rr& or· the disk, so as to f<!r.m vnues 
t.ainiog in n rotating roceptaclo a stationary N. Arms 0 P aro also secured to the body I 
jot or jets which by impinging on a rigid con· and nro formed with or c11rry nt thei r ends 95 . 
ductor maintain tho latter in rotation, thote· dncte or tubes Q, with one end directed to· 

45 l>y aecoriogtho requisite rap(dly-iotermittoot ward nnd opening upon tho \'anes Nand the 
contact butweon tb'o two, and tho o~ber tbllt it othor' ond ·close to tbe in tier wall· of the r&· : 
utilizes tbo rotaUon of such rigid condu~~r eoptacle and opening in tbe airoction oppo.' 
llS a monos for opposing or. preventing !be site to that of tho rotation of' the receptacle. •eo 
mover:oont of its own supports in tbo diroc· K suitable qunntity of metcilty R is placod 

so tiou of rotation of the recopt.acle, tborobyse· io tho receptacle boforo tho latterlssoalod or, 
cnring, among otbor th iogs,nn.llpproilmatcly closod. 
~oostnot roiBtivo movement bot.ween tho Tho operation of tbe device Is as follows: 
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Tho receptacle is st.art,e!l in rotation, and as 
it acquires a high velocity the merCDI'Y or 
other conducting fluid R is caused by centrif
ugal action to distribute Itself in a layer over 

5 the inner peripheral surface of the receptacle. 
As the tubes or ducts Q do uot take part· iu 
t.ho rotation o! the fluid, being held .at the 
start by tho weighted body I, they take up 
the mercury !IS soon as it is carried to the 

ro points where the duct' open and discharge it 
upon thovnoesof thediskM. Dytllismcaos 
tho disk is set in rapid roloation,est.ablishing 
tlte contact between tho two sides of the re
ceptacle which constitute the two terminals 

•S of t he circuit- controller whenever the two 
· streams or j ots of fluid nrosimultnnconsly in 
cont~c.t \vit h the vanes, but breaking tho con
taco whenever the jets discharge t-hrough tho 
spnces between tho vanes. 'l'ho chief ol.Jjoct 

to of employing more than ono insulated jet is 
to secure a highor velocity of approach and 
~opa1·ation, nnd in respect to the nn1nber or 
jets thus employed tile device mny bo ob
viously modified liS desired wit.houtdcparturc 

:s ·f rom the invention. · Tho disk M, h11ving ac
quired n very rapid rotation, oporatos to pr~
ven t by gyrostatic action :my tendency or .tho 
l.Jody I to I'Oiato or oscillate, as su~h mo\•e
mout would ch:mgo the plruto or rotation of 

~o tho disk. The movement of the parts, ~here
foro, and. tho opcl'lltion of the device ns n 
whole nro vary stMdyand uniform, and n m:>
terial prncUrnl ndvAntn::o is t.lwreby secured. 
Tho speed of ~he <lisk will lJo cbiofly dopend-

'35 ont on tho velocity of tho streams and pitch 
Of tho lJia<lcS, nnd it iS Of COUI'SO llCOOSSai'Y in 
order to prod uco n constant spcc<l or relation 
of tho disk that tho velocity of 'tho st1·eams 
bo constant·. This is Mcomplishe<l uy rot-at.-. 

40 ing the t·ecept.~cle with a constautspecd; but 
when t)lis is impracticable and the uniformity 
of motion of tho disk very desirable I resort 
to spccinl means to secure this resul t, ns l.Jy 
providing overflowing-rcscr,·oirs V V, as in .. 

45 di~ated by dotted Hues, from which tho fluid 
issues upon tho vanes with·constant velocity, 
t.llough the speed or tho l'eccptaclc may \'lll'Y 
between wide limit•. 

It mny bo st.~ ted that 'tho jots can bo pro
so duccd in any other known w"ys nu<l tlmt they 

IJt:iy b() ntilizL'<l in nny desired manner to pro
duco rotation or tiJo disk. 

Having now dcscrilJ~d my invention, what 
I clni m ia- · 

55' 1. 'l'ho combination in a cit·cuit-controllcr 
with a ClOSed rOlCU',V I'CCEtpU.cle, Of 1\ rigid <'OU· 
duct.or mounted within tho snm'l aud throul;h 
which l.ho circuit i~ intormitten~ly emu-

. lishcd, and moans for directing n jet or stream 
. 6o or a fluid which is coota.incd in tbo receptaCle, 

agninst tho s.~id body so as to effect it.~ rotn
tion in<lepoodeutly of tho receptacle, ns set 
!orth. 

"' 2. In an ol~ctric-ci rcn i tcou t1·ollcl·,tho com
bination of a closed rot.a1·y rccoptnclc, a con- 65. 
ducting body therein .adnptod .. to be rotated 
independently of · tho rcooptaclo l.Jy the im· 
pingoment t!Jci·co•!·of a jctot· stream or con
ducting flnld,a1ld means for mai n tniui ugsuch · 
n jot and directing it upon the Sllid contlnc- 70 
tor, as sot forth. 

3. In a circuit-controller, tho combination 
with a rotary roccv.taclo of · a body or pnrt 
mount-ed within the re~eptnclo :.nd concen
trically thorewith,a coud uctlng-termionl sup- 7 5 
ported by snid body nnd capnl.Jio of rotntion 
in n plane Ill· no anglo ·to tho pl11no of rota
tion of tho recoptaclo so as to oppose, by gyro
static action, tho rotation of tho snppot·t, nu<l 
menus for directing n jet of comlucting Oui<l 8o 
ngniost tho Mid terminal, as :;~t forth. 

4. In A circuit·controllo•·, the combilmLion 
with a rot<uy rccoptnclo of a support for n 
conductor mounted thereon ooucontrically 
with the ·rocoptacle and n ::yrost.~tic <lisk car- 85 
ricd by tho support and ad1\pted, wh~u rotat
inj::, to oppose its movement in tho diroct.ion 
of rotation of tiro rcccptnclc, as set forth. 

s. In" circuit-eont.rollcr, the comlJ!nation 
with a rotary rc'coptaclc containing a con- 90· 
<lucting fluid, a support mounte:l within tho 
reccptaclo, rncaus for opposin~ or pro\·cnC.in~ 

. it.s movement in tho d in:~·r.1.iou of rotntion o( 
the receptacle, one o1· more tul.Jes 01· ducts 
cmriNl thereby and adaptocl to tako up tho 95 
fluid from tho rotating rccopt.~clo n.nd d is
charge the S<~me in jets or st.reams, and 11 con· 
ductor mounted on tho support and nd:.pt.ec\ 
to.bo rotntod by tho impingement thereon of 
said j~t or j~t.s, :\.';set forth. roo 

6. 'l'ho coml.Jination In·" cil·cu it·cont•·ollcr 
of n •·otary rcccptnclo, ono o1· moro tubes or 
ducts aud a suppo•·t t herefor MpaiJlo of ro· 
tation independently of tho r·ccopt.:tclo, n con
dilator monnt.ed on said support iu a plane 1\t ros 
nn nnglo to that of rot.~tion of the rcccptnclo, 
and adapted to be tnoiut:~ i uod in rohttion IJy 
a jet of lluiu taken up from tho t"Occptaclo by 
and d ischnrl!cd npou it from tbo said lnbo or , 
duct, when the I'Occptaclo is rot<•tcd.' 110 

7. Tho combination with a rotary J"Ocopta· 
clo of ono or more tul.Jcs or ducts, a holdor o1· 
support therefur monntotl ou beal'ings within 
tho receptacle, whic:h l"muit of a frco rein· 
tivo I'Otntion of said r·cct\pt:\clo and ho!l1c1·, a t r~ 
disk with a bearing on the s.~i<l hold or nnd 
having ita plnoo of rotation at an angle to 
that Of t.bo r~'<.:cpt.1Cio, tho1liHk l.Jcing former! 
or provided wtLtt conll uc~ing. vu.~es, upon 
which a jet of conducting ll u i<l, tnkou up hy • zo 
tho tubo or duct from tho rccept.aclo when in 
rot.~tion, is directed. 

NIKOLA TESLA . 
Witnesses: 

11!. LAWSON DYER, 
G. w. MAnTLINO.' 
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Apvllcat!OD 6l•d Aprll l9, 1898. 8.nall/c. 618.lZ1. Ulo mo<lol.l 

To a.fl whom,. it uuty concern.: 
Bo it knowa ~hat I, NIKO!.A 'l'ESLA, rositl· 

iug at Now York, in the coonty and St-ate of 
Now York, have invented cortain now and 

5 useful Improvements itt ElectriCIIl· Circuit 
Controllers, of wbi~h the following is a speci
fication, roforenco ooing bad to tho d.-swings 
accompanying and forming a part of the 
same. 

ro ln tho olectricnl Byat.em or combinntlon of 
npparntus for tho con version of electric.'\! en
, ,-gy by me:~ns of tho discharges of n condenser 
., von ted and horotoforo described by me tho 

moano employed for making and hr·caking the 
•5 oloc~rio circuit, tho_ugh performing a subor

dinate function, qrsj. from tho peculiar co.n· 
dltions wbich9xist boCome a highly import.ant 
considoration, not· only as r-ognrds their prac· 
t!cnbilit.y and dnrntillity, but nlso tho ocon· 

10 owy In tho oporntion of the system or nppn· 
ratus. OC such importance ill this considor
n.tion thal for tho mostefficlontnnd reliableop
oration of my said systom·.I havo found i~ nee· 
68.!;1\ry to devise special appliances for mnk· 

JS iug and brenkiug tho circutt which ditrcr ma
tori3lly in construction and mode of opera
tion from any previously-existing devices of 
this cbar3Cter or which I am awRre. In tho 
forrns of such apparr.tus which I ha.vo pro-

so t!ucod r.t leMt ono ot tho torminals is a con
dnctlug fluid, while thoothor is usually n ~olid 
conductor or series of conductors, both being 
preferably inclosed in a ges-tlght recoptaclo 
nnd brought by rotary movement into rap-

35 idly intermittent con teet. I havoshown nnd 
<loscrihed typical forms of such circuit-coo
trollers in applications Soria! No. UGO,GlS, 
liloo December 2, 1807; Scrinl ' No. 030,227, 
filed Juno 3, 1897, and Sorinl No. 671,897, 

40 llled l<'ebruary 28, 1808. . 
Tho iuvontion, subject of my present np

plication, porwdns w apparatus of this clnss 
nod involves corteiu improvements ln t ho 
construction nnd mode of operation of tho 

45 s.~mo which hnvo primarily for tboir object 
to sc.cure n greater relath·o spood bot,•cen tho 
two term innis, .vheroby tho por·iods of mako
and-break, during which occurs the ~bicf loss 
of energy, may bo materially shortcued and 

so nlso a highor frcquQncy of curront impulses 
secured. l 1. brief consideration of tho forms 

! ofcircuit·coutrollorofthisgouoral kind which 

I have heretofore shown nut! described will 
coed uce to a !Jetter uodorsr11udingof tho prin· 
eiples followed in tho cons_tructioo of tho ap- ss 
paratus upon which. my present application 
is bnsod and of the primilry object which I 
have in viow-to increase tho rolatlv~ speed 
ot the two terminals iu appronching aod re· 
ceding !rom each other. Go 

In· somo· forms or"' tho circuit· cootrollors 
horoto!oro described by mo I employ a closod 
recoptaclo capablo of boinl! maintain()(} in 
rapid rotetion. With in this t'CCOptacle is 
rnountod n body the rotation of which Is re· 65 
t.arded or prevented and which carries a tube 
or duct which takes up a contlucting fluid 
from tho r~cept·aclo.whsn tba latter is rotated 
and d!rocts the 81\)d' ll,uid agRiust a ~onductor 
or ser1es of spacod coed uctore cnrned by tho 70 
rotating recoptacle" This apparatus, whilo 
olrectivoto a high degroonnd pos.~cssing many 
nrlvnnteges over proviously-oxisting forms, is 
novortholess subject tocortllin lim'itatious as 
to efficiency, having regard to tho speed at 75 
which t.bo receptacle is rotated, for not only 
mRy nu undue loss of energy result from ro· 
tating tho rccoptaclo, but i•lso r,·om tho un· 
necossarily-i-apld m'ovoment of tho conduct· 
ing flu.id. 'Vith a view to improving tho ap- So 
pnratus in those particular.~ I dovisod forms 
in wi1ich tho recept.~cle wns stationnry aud 
tho interior terurinnl conductor rot.'\ted, and 
by this means I reduced the rn:\ss and weight 
of tho moving parts. I nlso cmployetl :1 de· 85 
vice iu tho nnturo Cl[ a pump, which formed 

·a part or tho circuit-controllor proper and 
was operated by tho motor used Cor rotating 
tho conductor, nod thus maintained a flow of 
conducting nui<l from ducts in tho recoptMlo 90 
against tho rotating conductor with no greater 
speed thnn roqnircd for officiant operation. 
By such an nppnratus it is not ooly possible 
to socuro a higlier relativt'spocd botweeu the 
two tormionls, but to do this with n smaller 95 
oxpoodituro of rucchanlcal en orgy. To still 
further iucre:>So the relative speed of t-ho 
terminals, I now provide for rotating ench of 
tho termiual~ with respect lo tho other, so 
tlmtthemtcof ruutualcontectis vorygreal.ly roo 
incrcn.sod. 

Obviously Yarious moatis may bo omploye<l 
for ro~'\tiuf: tho conductors, or, in gouct·nl, tho 
two cs:;cntial p!lrl.!l which by thoir rr.ov~mcn~ 
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lii'Ouuce" make And break; but in the An· 
uc•e<l di·awiugs! have only shown such forms 
of the npparaws n.s best illustrate the pros· 
en t i m pl·o,·emcn t. 

5 Fignro 1 is a cent..-111 vertical s~tioo of a 
circuit-controller<lomprisiog a conductor or 
series of conductors forming one terminal 
and menns for maintaining a jet or .jets of 
conducting ftuid constituting the other ter· 

•o minal, which Al'O arrAnged to be rotated lo 
oppo~ite directions. Fig. 2 is a similar view 
of n modified form of circo!t-c(>ntrollor. 

A deslgnates a casting of cylindrical form 
,...ithin \Vbich is>\ standard or socket B, in 

'5 which· is mounted a vertical spindle C, car· 
ryi ng the circuit-con trolling mechanism. The 
suitl mechAnism iij contaiued in a rece'ptacle 
V, of iron or steel, tho top or cover of which 
is composed or an annular plate E and a cap 

:o or dome J.', the lAtter being of in~ulatlog ma· 
terial or of a metal of ·comparAtively high spe· 
cific resistance, such ae German silver. The 
receptacle D as tl whole is made' alr -light 
and any suitable moans . mfly be employed 

•s to effoc~ ita rotlltion, the particular devico 
shown for this purposo 00ing an olectromng· 
nGtic motor, one clomcnt,G,of which is secured 
to the spindlcC or receptacle Dami the other, 
1!, to tho box or case A. Within the recept.n· 

30 cloD And secured to tho top of the !!4me, but 
illsulated therefrom, is a circular oonductor 
K, \Vith downwardly-extendinE: pl·ojectionsor 
teeth r" 'l'his conductor is maintaitied iu 
electrical connection with a plato ],I ou taido 

35 of thG receptacle by means of screws or belts 
N, passing through insolated gaskets in tbG 
top of the receptacle D. Within thG latter 
is a standard or socket 0, In which is mount-

. cd o spindle 1', concentric ,...ith the Axis of the 
40 recoptacle.. 

Any suitablo me.'\ns may be provided for 
. rotating the spiu!lle P independently of the 

receptacle D; but for this purpose I agniu 
employ nu electrolll8gnotic motor, one eie· 

45 u>cut, Q, of which is secured to thD spindle P 
within thG receptacle D and the other, R, is 
secured to thG box A and surrounds tho cllp 
or dome F, within which is mounted tho 1\r· 
uini.ure Q. · · 

so Depending from thospin<lle P or the nrmll· 
turo Q is a cylinder S, to which aro secured 
nr>ns 'I' '1', extending rll<lilllly therefrom and 
supporting short tubes or ducts V between 
tho peripheral walls of tho receptacle D 1\nd 

55 the ·series or teeth or projections L. 
The tubes Y.hrwc openings nt one ond in 

closo proximity to the iunGr \9ull of tho.rccGp
taciG D and turned in a direction opposite to 
thnt in which tho lattor is dGsigncd to rotate 

6o and at thG ot11e•· ond orifices which aroadapt.
cd to direct a stream Ol' jet of fluid against 
the projections L. 

•r() operate tho apparntuR, thG l'CceptaclG D, 
, into which a suitable quantity of conductio:;: 

65 fluid, such ns . mercury, is first poured, ana 
the spindles I' arc both so tin rot;,tion by their 
rospGctive mclo!'3 nnd iu oppo3itcdircctions. 

By the rotation of receptacle D the conduct· 
ing ftuid is carried by centrifugal forco up 
tl)e sidos or \ralls of the same and is taken np 70 
by tl\e tubesorducts V and dlschnrgedKgAinst 
the rotating conductOrs L. lf, thereforo, one 
terminal of the circuit becouneeted \1ith any 
part of the recoptacleDor the metal portions 
of the Instrument in electrical connection 7 5 
therewith and the other terminal bo connect-
ed to the plate :r.r, the circuit between these 
terminals will be completed ,...heocver a jot , 
from one of the ducl8 VIs discharged against 
one of the projections Land Interrupted when 8o 
the jets are discharged through the spaces 
between such projections. I havG indicllled 
the necessary circuit connections by wires X 
and X', connected, respectively, w!tb a brush 
hi', be,. rinK upon the circular plRte M, and a 8; 
biudiul(· rust X", set in the !111m& or co•lng A. 

In Fig. :! 1\ modified form of apparatus is 
shown aud by means of which simiint· results 
arc obtained. In this deviGe thG top 11nd bot.
tom A' of the receptacle arc metal pintos, 90 
while the cylindrical portion or sides A" is or 
insulating material, such as porcclniu. With· 
in tho roccptaclc and preferably intcgrnl "'ith 
the side wnlls A" are two annult~.~· trouphs \\' 
W', which contain a conducting ftuid 13, such 95 
as mercury. Terminals C' C",pnssing through 
the bottom ol tho receptacle through insulat· 
ing and packed sleeves, n!Iord a menus ol cou
nectiog the mercury in tho two troughg with 
the conductors of tbG circuit. Surroun<ling ten 
that portion ofthedevice in which tho trollgbs 
W W' lie is a coreD', wound with coils D" 
arrnngod in llll)'suitable and well·kuowo >nnu· 
ner to produce, when energized by currents · 
of di!Icrcnt phasG, a rotating mllgnetic field 105 
in the &pllCO occupied by tho two bo<lies of 
mercury. To intensify tho liCtiou, a circular 
laminMe<l corG E' is placed within ~ho rooep· . 
taclo. If by this or any other monos tho, 
ll)orcury is sot in motion and caused to now 110 

.around in the troughs, nud if a condootor l;le 
IDounted in position to be rotated by the mer-
cury, and when so 1'0tated to mAke intermit· 
tent contact therew1th, a circuit -controller 
mny be obtained of no\'el nod distinctivo 115 
chn1·acter and capable of many useful nppli· 

·C<•tions independently of the other fMtures 
which are embodied in tho complete de,•icG 
which is illustratGd. For tho present purpose 
I provide in the cooter of the receptacle a 120 
socket in which is mou nte<l Qc spindle P', cnr· 
rying a disk G'. Bepending from said disk 
nro arms 11', which afford beari~s fol· a shaft 
K', supporting two star-sbapod wheG!s I.' L", 
arranged to lDI\kG contact with Lbe mercury 125 
in th.G two tt;augbs, rr.spccti\'ely. 'fhe shaft 
K' i& ·mounted i:> iusulated bearingo, so that 
when both wheelsaro in eon'ta~t \vith mercury 
the circuit connecting tho terminals c· c·· 
will be closGd. The disk G' carrios anannu- 130 
lar core N', which is,adapted to be maintained 
iu rota~ion by a core 0' and coils 0", sup
ported oulBide o! tho rcooptncle and profer· 
nbly of the !!4CO chllt:::.ctor 1!3 thoso usO<l for 
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imparting rotation t.o the mereury; but tho 
direction of rotation should be opposite t.o 
\hat of the mercury. The rate of rotation of 
the wheels L' L" depends upon the rate of 

5 relative movement of the mereury,aod hence 
if the mereury bo c:Ansed,. t.o flo,• in one diree· 
tion 11od tho wheels bo carried bodily in the 
opposite direction the rate of rotation, and 
consequently the frequency of the makes and 

10 broakA, will bo vury lrr&lltly lncroa&ed O\'Or 
that which would be obtained if the wheels 
IJ L" were supported in a statiounry bearing. 
· It Is obvious tbnt by means of devices of 
the character described 1\ rapid interruption 

'5 of the circuit may be effected, whilo all f.he 
practle~~l 1\d,·antngcs which may bo dorlved 
from Inclosing the t.erminBis or eontl\cts In a 
closed roceptl\clo &Ml readily realized to U1e 
fullOGt ox tent.. 

• 

• 

Having now described my invention, what 20 

I claim 111-
1. In a clrcult.-oootroller, tho combination 

with rigid and ftoid oondoct.ors adBpted t.o be 
brought Intermittently iot.o eootai\L with each 
other, thereby making nod breaking the eloc· •S 
trio clrcnlt, ot means for imparting rotary 
motion t.o both or aaid conductors, aa aet forth. 

2. In a circult.-cootroller, the combination 
with a recoptl\cle containing a conducting 
Ouid, moans for Imparting a movement of ro- JO 
tatloo to the fluid, and a condnctor adaptod 
to bo rotated by the movement of aald fluid 
nnd to thereby make nod break electric coo· 
noel ion wltb the fluid, as sot forth. 

NIKOLA 'l'ESLA. 
Wit DGS.'IOS : 

Jtf. LA WSO~ DYER, 
c. w. MAilTLl!iO. 

• 
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Ori6iu1 aPJlinti•• Uc4 ~,t.esM.r 2.1117, lufe.l Jro. UC..SU. Dh1•.a u4 t\1• •t1lt•• Un t t.a F~bna.ry U. 1000. 8c:'ial 
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Tt> all u.•lt om. '' m.a.v cou.urn-: elov&tioo aui t.ablo for tho purposes 01 u·:ua· 
ll e It kno,.·n that I, NIKOLA 1'IUILA, a citi· I missioo. 'J'boothort.orminal of thosoc.oodnry 

zen nr the United StMos, roaidlog 111 tho bor·j A ls connocr~d In earth, and, of dORITC<l, to 
on:h of Mnnh.,u .. ,n,ln tho city of Now York, the primary A lao, in order th~t thu IMtQr onny 

5 county,.nd ::!ta too( New York, havoinventt>d be at •uh•Wlnli~lly t~o SlltnC polonLinl ns tho 55 
cort11iu now1111<1 usefullmpr<>Vomouts io Ap· Adj ar.ont portion~ or tho Hocondary, thu s in· 
p:\l'atus for tho 'fransnoisslon nr Electrical surinl( oa fety. At tho roceivio:;·•lA tion n 
F.roorgy, Of which lbe foll owing is 1\ spccifiCA· trnnsformer Of oiooiiAr COnstructiOn is Cnt• 
tion, rcforonco bein~t h&d to tho drA,.ing ac· ployed; but in thioc&Setholoo~:crcoil A' con· 

lo COIIl!'M)'iDg null form inlt ll pari or tho SA mo. &lila loS the prima ry, and tho shorter COil C' 60 
'rbie npplielllion is II d i \'ision or lin &pplica· tbo aecoodMy, or tho transformer. I II I loo cir· 

tion filod by me on Septoonl>or 2, 1897, Soria! cuit ot tho lattor llrecoooocto<llarup• I., ono · 
}; o. 6SI1,3,3, on titled •· Syaloma of trnnsmis· tora l1, or othor tlevlcea for utilizin.: tho coo r. 
nlous of olootrieAI energy," 11nd is bAsed upon reo~. 'fbo"'lovated terminal 0 ' cohnccts with 

•5 uow and uaotul foMnroa n~d cooobinatioos or tho center of the coil A' , nnd tho ollour tor· 6s 
nppar11tus shown and described In said appli · rr.ioal of 811id ..oil is cono•ctod to onrth Aohl 
ration roo· cnrrying out tho metho~ therein pretorably, nlw, to tho coil C' for tho reason• 
oliocloso<l nnd claimed. auovo ot&tod. 

Tho luvontion which forlll& tho onbject of Tho loogtiL of thto thin wiro coil lu ot>Ch 
~o my presentnpplica~ion eolllpriso~ a trRnsUlit· trAnafonner AhoulU bo approximat.oly ono- 70 

tin:; coli or conductor io which oloctrical cor· quarter or tho wave length of tho uloctric Ilia· 
•·on~ or oscillations are produced 11od which turba nco in the circuit, this oetimato bolo.: 
is arranged to cause oucb oorroota or oecilla· 'bAsbd on tbe volooity of propagation of tho 
tiooatobe'propagated by conduct ion through a~sturi>Ance thro~h th e coil ito~lf and tho 

•s t be oato ral medium from ooe point l.oaootber circuit wltb which It Ia deaigoed to be need. 75 
remote t)lororrom and a receiving coil or coo· By """Y OJ illusLralloo, if the rAte at which 
ducQ>r &t aoob diataot point adApted to l>o ex· the current lra \'Oraes the circuit i11cluding 
clt()d by the o.•cillatiooa or cnrreota prOfl"· the coil boone hund red and ei~:lo~y· fi,·o thou· 
C"tod from tho trnosmittor, aaod roileo per second then n lroquency of 

JO . 'l'bio apparatus is shown In tho accomJiliOY· nino hund red sod twenty· fivo ror second 8o 
I ng d rA wi og, wh icb is a d iAirAmmatic Ill a a· would milia ll\i o a loe b u odred and t wooty· n :vo 
trAtlon of tho ume. otatlon~~ry movea in a oirc,.it oao b.uudrcd 

A ia" coil , gdilorally of ma nr turns and or an d olghty.ftyo tbous .. nd milea loog and each 
:\very lArge dir.motar, woood 10 eplral form W&\'O would be two hundred mllooln longth. 

J5 either about:> IDAgoetic core o r not, 113 may For ancb a low froquency, which wonld bo 85 
be deal rod. C io a aecood coli formed by a resorted to ooly whou it is lodi.1pon83blo for 
conth1<:tor ot onucb larger si ze &ntl smaller tbe oporMion or motoN of tho ordionr)· k in•l 
longth ~to\o.ld aronndAnd in proxiruity to tho under th~ conditions &bo\'o """umcd, I wo,.ld 
coil A. o"ea oecondary(lf folly milea in loogth. II>' 

40 'l'be APJ'I\l'Atus aL' nne point is •uod u a sach ao adjus1u1ent ur proportioning ot the 90 
traoomlttoo·, tho coil A in tb.is CA.>& oonstitnt- length or wire in the •econdKry C6il ur r.oila 
log 11 high·ton~ipn, 8ecoodary, nnd tho coil C the pointe ot bigho.'t _po:.ential BrO wndo t o 
tbo prhnary1 of much lower toueion,oC • trAns· coincifto wl tb tho elovatod t.orln inAln n lJ', 
fp rm or. lu tbocio·cuit ot tho prioonry <.:is io · Aod It •loonlol l>o nnd~r.!lood tlll\t whntovcr 

45 eluded a sult.ni>lo aourco ol current G. Ooe lon:;th bogivoo to the wires this rcquiro1o~n t 95 
te1·minAI ot the soconuary A i• at the cooter should bo complied \Vith in ordo.- tD"ohtsio 
or tho spirAl coil, and frow tuie te rminal the the bost results. 
cur rout Is led by a conduct<>r II to a terruloal It will be rca.dily understood u.,.t wh~o ti~ 
1>, Jlrt'Cor~bly of larg e ourfo.eo, formed or abo\'O·prescribed relationso•iot lho bostcnn .. 

so :nniotnined by 3ueh mo:\u& as a bD.Iloon s.l 1\n t dilioos for resonance botwoeo t be trc.nsmlt· oco 
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lJng and receiving ci~uite are atteined, and the former ense tho ~onnectiou of ono term i· 
owing to. the tact that the pointe of hi~:hest po- nat of the receiving apparatus to the gronod 
teotial in the coils or conductol'll A A' are might not bo permanent, but might be inter· 70. 
coincident with tho ·olovated terminAls the mittently or inductively esLsblisbod without 

s maxim ow flow of current will t.lko place in departing from the spirit of my invention. 
the t><o coils, and this, further, necessarily It is to be noted that the phenomenon hero 
implies that the capacity and inductl\nce in invoh·ed in the transmission of electricnl en· 
each of the circuits have' 'Such valnes as to ergy Is one of true conducliotl and is not w 75 
secure the most perfect condition of synchro- be confounded with the phenomena of elec-

Jo nism with tho impreSsed oscillations. trical rndiation which have heretofore bet-n 
Vlben the source of current G is in opera· observed nnll w_bich f1·om tho very nntnro and 

tion and produces rapidly pulsating or oacil- mode of propagation wonld render pmcticnlly. 
latiog currents in the circuit of coil C, cor· lmpo88ible the trl\nsmifl6ion of any nppru· So 
responding induced current.l! of very much ciabl<1 aconn~of ooorgy to soch distnnccq '" 

1 s higber pOtential are generated in tho second- are of practical importl\oco. 
ary coil A, and siocotbo potential io tho aame What I now claim as my invention is-
gradually increases with the number of turns 1. The combination with n transmittiugcoil 
towArd tho coo tor and the difl'ereoce of poten· or coodnctor .connected to ground nod to no 85 
t lal bet..-ecn the adjacent torus is com para· elevated terml011l rMpoetivcly,llnd 1acnns for 

,o tively sroatr a veryhigb potential impract~- producing tbJ)rein olectrieal currents or oscil· 
bie with ordinnry coils may bo successively lations, of a rcceh·in!! coil or conductor simi· 
obtained. latty connecterl to ~troun1lnncl to an oi0\':\1.<'11 

As tho mniuobjcct!orwhichthoapparntus termlonl, P.t a rlistanco !rom the t ransmi .,. ~o 
is designed is to prod nco a cnnent of excess- t.ing-eoil And n<laptc<l to be e~citcd l>y cur-

'S ivoly-higb potential, this object is f~~e!lltatod rente 011used to be prop~~gat<'<l from tho anmc 
by 1lSiug a primary current of \'ery coneid- by conduction through the inton·nuing nnt· 
erable frequency; bnt the frequency of. the ural 1nedlnm, n secondary conductor in in · 
currents is in a largo wca•ure arbitrary, for ductive relation to the receivin:;-conductor 9S 
if the potential be snfticiently high and.tho and devices for utilizin~: tho cuneot in tho 

30 terminnls of the coils bo maintained tit the circuit or snill secondary comlnctor, ns sot. 
proper elevation whero the 1\troosphero is forth. 
rArefied the stratum o( air will serve as 1\ coo· 2. The combination with n transmitting coil 
dueLing Joediuro !or tho current produced or conductor h11viog Its oods connected to 100 · 

nud tho latter will be tJ·ausmittod tbrongh the ground and to nu elevated tormiual rospae· 
3S air, '•ith, it may bo, evon less rcsistance \han tivoly, a pl'imary coil in ioducth·e relfltion 

:hr.ough an ordinary conductor thereto nnd a source ol oloetrical oscillations 
As to tho elevntion or the terminals D D', It in 68id primary circuit, of o receiving r.oodoc· 

is obvious that this13 ~ ml\tt<Sr which will be tor or coil hP.>ingitecodsconuccted to ground 105 

determined by a number of things, as by the and to an elevot.ed-te:-roinal rropoctively and 
40 amonnt and qoality of the work to t.'<l por- 11daptod to be excited by currents caused to 

formod, by the condition or the atmosphere, be proPI'gated from the transmitter through . 
nod nlso by the character of tho surrounding tho natural medium nnd 11 eeconda.ry circuit 
country. Thns if thero bo high rooontnlos in inductive rol11tion to the reeeiving-circu.it 110 
in the vicinity the terminals s.hould bent a and roeoiviog dovicca connected therewith, 

H . greater height, and generally they should ol- os eot fortb. 
ways boot an Altitude much greater than that 3. The combination with s tronsmi tting ID· 
ot ~bo highest obj€cte near them. Sine~ by strument comprising 11 transformer ha>iDll its 
the means described practically any potontir.l socondr.r.y counocted to ground and to an elo· 1 1 s 
thnt is dosirod may be prodocod, the currents vnted terminal respectively, and means for 

so through the air strata may be very small, lhus . impressing eloctrical oscillations opon.ite pri· 
rednclog the loas in the nit. . RJary, of 11 receiving iostrqmeot coopri3ing 

The apparatus at the roeoiving-stlltion ro- a transformer having ite primary similarly 
aponds to the onrrenta prop~gatcd from tho connected to ground e.od to en elovaled tor· , 20 

transmitter in a manller which wlU bo well mioal, and a translating device connected 
ss uoderstQod from the foregoing description. with ite •ocoodary, the capacity and indnet

'l'bo primary circuit of tho recaiver-that ie, aoce or the two transformers having such 
tho thin wire coli.A.-18 excited by tho cur· values 88 to"&eoureayocllronl&lll with the im· 
rents propagated by_ conduction thro~gb tho pro88ed oaoillations, 88 se~ forth. 1 '' 
l:~tervoning natural medinm from tho trans- 4. The combination with a transmitting In· 

6G mltter, and these ourreota ln'duoe io tho roc· atromeot compri3ing au oleetrlcal trana· 
ondary coil C' other eurronta which nro utU· former ht>.vlng lte secondary connected te 
izod far-operatingthedevleee included in the ground and to an elevated termlonl roapoe· 
circuit tberoor. lively, and means tor lu.presBing electrical 130 

Obriously tho receivlug-coils, trAnsform· oscillations upon Ita prlmRry, of a receiving 
Gs OTI\, or otbor apparatus way b3 movllblo-na, instromentcomprlalng a transformer bavi"g 

ror instance, when tlley are carrlod by a voa· ite prlmary similarly coooooted to ground 
'el floating In tbo mr or by a sbip nt son. Iu and to an elevated terminal, 11nd a troRslat-



ins devico c<'nnec:tecl with its secondary, tho 
capacity and inductance of the socondary of 
tho transmitting and primnry of the r-eceiv
ing instruroeou having such vnloos &S to a.-

S euro synchronism with the Impressed oaciiiR· 
tioos, u act forth. 

5. Theco1nblonUoo with a transmitting coil 
oreoodncturconnect.ed to ground a nd RD ele
vate4 termiool reapecUvely, and means for 

to producing electrical currents or oscillations 
In tho IILimo, of a receiving coil or conductor 
almilnrly cooncoteft to ground and to an elo
vat.ed termroal and eyocbronized with the 
tra~~aroitting coli or conductor, aa set forth . 

rs 6. The combination wltb a transmitting in
etrnmont co1nprlsing an electrical trnos
forroor, having Its aocondary connected to 
ground and to a.n elevated terminal rospee
tivoly, of 1\ rocoivlng ioatromont.c:ompri4ing 

so a transformer, having Its primary elmllarly 
connected to ground and to an elevated ter
minal, the receiving-coil being synchronized 
with that of tho tr11nsmitter, ns sat forth. 

7. ThocombinMion with a transmitting coil 
zs or condnctor conuocted to ground and to au 

olcvntod termiunl respecUvely, a.nd meanafor 

r.rocluciog electrical currents or oacillallooa 
n tho samo, of a receiving coil or conductor 

sunilarly. connected to ground and to au elo-
l O v11tcd tonninal, the aRid coil or coib h11vln~: 

8 length 0<)11111 to OhC·Qilllrler of t ho Tfl\\'0 
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length of tho disturbllnce propAgated, as set 
forth. 

8. The com Dina\IOD v ith a tranamiltlng colt 
or conductor connected to ground and to a n JS 
olovated tnU)inal rospoot.ively, and adapted 
to cause the provagat1oo or curronts or u.cU
Ialloos b;y couductior. through l.be naturlll 
medium, of a receiving-circuit eimltarl:r con
nected to ground and to an elavatod terrnl- 40 
nal, and of a capaclt;y and inductance aocb 
that Its period of vibration Ia the same &S that 
of \bet tranamltt.er, &a set forth. 

9: Tba traoamittlog or receiving circuit 
boroln deacrlbed, coanect.ed to lrfOtJnd and 4S 
an eloutod terminal rMpecllvoly, and ar; 
raogod Jn auch Ulanner that t ho olen ted ter
rniual is charged to the mu:imam petsnUal 
dovelopod in the circuit, as act rortll . 

10. Tho corobioation with a transmitting so 
coli or condnctor connected to ground and to 
an elont.ed terminal respectively of a rocelv
iog-clrcait hl\viog a period or vlbMUon cor
respendlog_to thtof the traosrulltlog-clrcalt 
nod almllarl;y connected I.e. ground 11nd to an S$ 
elevated termini\! and ao arr11nged tb11t tho· 
elevated terminal if char~tod to the blgbctt 
petsatll\l ao\"olooed in the clrcnit, 111 setforth: 

. NIKOLA TESLA. 
Witnesses: 

PARKER \V. PAOE, . 
MARCELLUS IlAILEY. 
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METHOD OF INTENSifYING AND UTILIZING EFFECTS TRANSMITTED THROUGH NATU RAL MEDIA. 

Sl'ECIPI.CATIOil CormiDg P"rl o! Letl<>:a Pal.ellt No. 68~.9:13, daUd Nov.,~r II, I 001. 

'P?liul1o~lltd l,u24.18tt. Bn•• odl!aJ'l9,1901. 8u-:tlVo. 02,116. tlocodtl.) 

fi> all ltJMm it nt.Gy concern: 
Dflll known that I, NIKOLA TESLA, 1tci~izen 

of the United States, resid ing nt Ne'v York, 
in the coontyilnd State of New York, lwve 

S lnvoutad n uew and usoful liiiJ!rove•ne•a In· 
Metbodft or lntensitylog sod Utlliting Effee:a 
T ransmlttod 1'brougb the NRtnr~<l Media, of 
wblch the following Is n ~peeiiiCAllon, refer· 
cne<l IM>ln~t had to the a~ompaoying dn<«· 

tO Inn, wh ich form" pRrl or tha Ill\ me. 
Tho subject of my pro:sent Jo,·eotion b au 

lo: provement lo tbe "" or utilizing elfeeta 
trnnamltted from a dl&taneo ta Q re<>elviug 
device tbrougb tbo Dlllural rued II\; aod It eon· 

15 aists In A novel method by mer.ns or which 
roenltsbitberto uoatt.ninQblo ml\y bo eocoret.!. 

So\'er11l wl\yG or mothoda or trl\uRmlttin~t 
clootrlMI disturbancoo tbrOUf!h the nRio ral 
media aod utlli1.iug t he10 to operate distgnt 

::o rocelvo111 9ro not7 knowu 11n<l b11ve beeu Rp· 
plied wi~b more or loss succ&G&for accomplish
log a variety ot usefulreeuHa. Onoof these 
ways conalst& In prodaelnjt by 11 eoitable ap· 
pllratna r:\ya or radiations-that Is, disturb· 

~s Aliees-wb!cb nre propagated In atralgM lluea 
tbrvogb ~pace, ~ireetiog them upon A reeeh·
lpg or recording spp~>rntoe at 11 distance, and 
thoreby bringing tb.e latter Into action. This 
method Is the oldest aud b011t known nod hl\8 .,o been brought pnrtkuinrly'luto prominence 
In recent years tbrongb tbo iovestigntions of 
Heinrich Hertz. Another met bod consists in 
p&ll8ing 11 current tbroogh " circuit, prefer· 
" b!y ooo iuelosin!l4 very IMj;O orM, Inducing 

ss tboreby In a similAr ciroolt situated ot "dis
tance nnother current and affecting by tbo 
11o~me In any convenient w11y 1\ receiving de· 
vice. SUll anotber wAy, wblcb basAl so been 
known tor m .. ny yoart , Is to pAss in any snit· 

40 able manner a cu rrenL throngh n portion of 
the groood, as br connecting to t wo polots 
or tho GIID1e, pr~r.,·ably lit" oonsldorl\blo d i ... 
tance from e~~cb other, the two terrolncr.ia of 11 
generator and to energize by a part or tho cnr-

45 ren t ditfosed thr<.ugb tbe onrtb a dbtaot cir· 
cul t •bleb Is aimilorly nrraoged nod ground
ed at two pol uta wiooly ap11rt ond whleb I.e 
mcde IOMtupoo nseoailive r~lvor. .Thes$ 
varloas metho"" have tbeir limit~~tlooa, one 

so eapocllllij, which isco111mon to all, being tb11\ 
_the reoelviog ciroail or loatrumoo~ must bo 
IDI\IOIRioed In o. <lofioite position with respect 

to tbo trnosmit.tint: apparat us, which often 
imposos j;rGAl disnd.-ant.a;:es upon ~llo USO of 
tho npparatus. SS 

In snvorlllt.pplic:\lionsGiecl lly monoll pat
outs j!rnnt..U to roo I hnvc:i <l ieclo~d other 
methods or accol1) plishia:: resnl11: cf tl:ls nR · 
1 ure, which rony be briefly d0se•·ibO<I ns fol· 
Iowa: I n one By~tem tho potoutiRI or 1\ poin t 6o 
or re~:lon or th~ enrth i~ varied 1>.7 impMtlnc 
to it intermlttou~ or 1\ltornRlin;: c!o~triftCII· 
tiona through ono of the terminRis or 11 suit· 
able aonrce of ~leetric.~l d isturbxnci!S which, 
1~ helt~hton the etfect, bas Its other tormin&l 65 
conoect.oclto no insul .. tO<I body, profornbly 
or lnrgo Sllff8CC Rnd t.t an tlevatlon . Th& 
olectriftcAIIona eommuuiMted to tho enrtb 
spre11d In all diroctious through tho 81\JOO, 
roachiug a <llstaM circuit "hich g~norolly 7o 
hns Its tormlnKis ~~rrnngo<l and conucetod 
~huliArly to those of the traosmiui ug oou rce 
and ope"'tes upon" hlghly-seueiLivereeoiver. 
Another methn.i is bMed upon t he fact Lbe.t 
tl\e Rlmospherle air Khich IM>h11"es liS ao ex· 75 
oollt.nt Insulator to eorreota generated by or
dinary appar~tus becomes" oon<l uetor onder 
the lnllueoce or currents or impulMlll of enor
mouely·hlgh olactromoth·e force ttb ioh I ha\'O 
devised mo.~os for geoeratiog. 6y each So 
meooa air str&tn, which Rre eMily ~ccossi blo, 
are rendered Kv~tilablo Cor tb o production oC 
DlRny desi red elfeet.q n;; distancM, howovor 
~:reat. Thl~ motbod, fo~therm or(l, ullowsnd· 
vantage to bo tnkon of many or thooo im· 85 
proveru oo~~ wbich are practicnlllo in ~ho or
dinary ayetatr.a or trnnsmissiou IO\'Oiving •:.o 
USO Of II metallic condoetof. 

Obvloaaly whatever meLhod l>e omployod 
iL 18 desirable Lha~ the di~t urbaneos produced 90 
by t be traneruitllng Appa"'tua should bo ns 
powerful II$ possible, 1\Ud bV tbe U8e or COr· 
ra lu rorma or hlcb·frequency i\ppar .. ius ~thlch 
1 bK\·e dovieod aud which aro now "'011 known 
I mportan ~ practlea 11\d vaut:\l(<lS aro i 11 I b 13 re· 9S 
epoct ~ecura<l. Furthenoore, since In most 
CM69 tho IILDOUDt Of energy COil\'8)'00 to llH> 
diataa~ elroultls bu~ a minot& fraction or the 
to:AI energy etOADRting fro1u the source I~ Is 
Oeec&311ry for tho aUI\i nmen l of ~h1> best tO· 100 

suite that whatever ~he ChA.-.eter of ~he rO• 
celver 11od tbo n11t ure of the <li~turb~nees as 
to aob 1\S poulble or tbe onercy couvoye<l 
should bo mado Avallablo for the 01a ratlou 
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of tho receiver, and with this objeeL io view po:uta Ia thll Lr .. osmitting moainm hctwoen 
I havo bcroto!oro 11moog oLber moaos em- which thoro oxist.s or mnv bo obt:~loeJ in ""l 
ployed n rocelviol:-rir<:uitof blgh aelf-lodoc- maoner throu::h tbe nciio .. of tho dist:~rb- 1 -

1 ion and very sm~ll resistance 11nd of a ~ 11oce' or elfoct.' to b~ iovestigat(!d or utillzell 
s l'iod such liS (o villrnte in synchronism w1tb o ditt'l.rencoor electrical po:eotial of ~oy mAll

tho ul~tnrbanccs, whorol>y 1\ number of sop· oitudo I nrrnngo tw.o plates or cloctr~>~lc:~ •" 
nr/lto lropulses from· tbe source ,.ere mAde to thM thor m~y be oppositely cbRrgod t,h,·onsh 
collporat~, tbos mRgnifyloc theelfect exerted tbo IIJ!enoy or euoh etJects or disturll~nce~~, H 
upon aod losoring the IICtioo of the roceiv- nod I connect tbese electrodes to tho terrul · 

to lng device. By these mPans decided Ad vAn· nAls of 11 bli[hly-loaull\led condeoser, geMr· 
tu;os btwe be<!n •eeured In mAny lnJlAoce.s; Ally of eonalderllble cApacity . To tbo ~on
'•ut vory often tbe hnpro•·emeoL Ia either not denser-terminlllA 1111110 CO:>oect tho N!<'oioer 
upplicAblo Ill 1111 or, if 80, the ~Ala Is very to l>e oporMed in 10rie.~ with R do••ico of oult- g,.. 
sllchr . E.-idcnlly whan the aonrce isono pro- ftble construction, r.bich perform• tbe runr· 

1 s duclng " eontiouuus prossu~ or dellverlog lion of periodlcnllycliscbnrglog tbo c~n<lonsor 
Impulses of long durRLiou· it Ia lmproolloable tbroogh tbo roceivor At nnd during ouch in· 
tc mngoify tho oiT('CtS In tbla mAnoor aod torvAis of time as may be beat eull.nblo for 
"heu, oo tho other band, It Is oae furoisbiog tbo purpose QOt>templnted. This device muy Ks 
ebort impulsr• of extreme rApidity of aucces- meroly consist or two stationary eloctrodos 

to ~lou tho advaoteco obtAiu~d Ia tbls wAy Is separatedllynfeebledlolectriclayoro(mlnnlo 
Insignificant, owiog to tbo radiation e>nd tho tb ickoCS-'! or It may eor .. priso rermlnnls one 
uoMoldAhlo fricLiooal wut.o io tbe receiving- or UIOro or ,.bkb nro ruovnble and nchrAted 
r.ircult These IOASPS reduce crellll1 botb !.be by Roy anltnlllo force and aro ad:\ptod to l>e 9" 
lnteuslty aod tho numl>er of the eoOperatlve brooght loto 11od oot or contAct wllb c.~ch 

'S l111pulsoe, 11nd since the lnlll~l loteo.sity of otber lu AD)' eonvenloo~ ouooner. It will oo.v 
011cb of tbe..a is neeei!SIIrlly lim liM only ~o be readtlv seen tbn~ if tbe disturb.~ aces o f 
loslgniOcl\ot amount of energy Is thos mode wbatovcrnature thoy mny bo cnuso doflnlte 
nvallable for a eingleopor~Hlon oft be ~oel~er. nmouot., oJ electricity .ot tho MWO sl;o to bo 9S 
As this nmount is conatqueotly depeodentoo cooveyed t.o o10cb of I he ph1tes or oloctrodcs 

30 ti\O ouersy coo,·ey<:d ·to tbe receiver by' ooe Abovo montiODod, oil her continuously or nt 
alocle Impulse It Is evldeoUy oecoesnry to intervals or tiloe whicb ,.,·esumciently long, 
employ oltbe r 1\ very illrge aod co•Lly, aod the coodonsor " ill bochArgod ton certnln po· 
tbOroforoobjoctiOOill.Jle, tr~nsmltterorelS&IO tentinl, 1\0d 1\0 ftdeqoale RlOOUOt Of 01\0rgy t~ 
resort to tho eqoally oujectloo&blo nae of a beiog thus store<! durinlf tbe tiwedoterrolned 

3S rocol vio~: device too clellcate aod t.oo en.sily by tho device etrocting tbe discb&tl!O or the 
dernoced . t>ortbermore,tbeooer,-yobteloed condeoaer tbe reecl.-er will bo porto\lically 
tbron;!h the~peration of the lmpobea bIn operaU!d by tbo electrical energy ao 1\Ccnmo-
tbo form of extre10ely rapid vibrAtions aod, lated; but•ory olt&u the character of tbe ho· J O) 

blleansc of this, uusoiiRllle for lbe operation po ises ""d the coodhloosof their uao 11rosuob 
40 ot ordinary receiver:-, the more 10 as this form that •itbout further prov~ioo not oooogb 

of ener~:y Imposes narrow rostrlotJona Ia re- poteol111lenorgy woold be accumulntCd In !.be 
,ct>rd to the mode Rnd time of 118 oppllration condenser to oporAie tbe receiving device. 
10 ooch devices. Tbis Is the cMe wheo , for example, ench o f ~~~ 

·ro o•·e rcome 1beae aod other llmlllltloos the plntea or te rminals receive& olectrlclty of 
•S Rod diBRdvant11ges which bare b01~t.otore ox- 111ptdly-chAogio~; st~:n or e~en whoo 61\Ch ro

lsttd In sooh oystoms of traosnriasloo of sic- celves el~~etrlei'Y of the same sil!D, but only 
oats or lotelligeoce is tbe mAlo object of my doriog per lolls which are short 1\S comp~~red 
present ln veutioo, ,..bleb cotnprl.&ea " novel with the to·ruva.lssepnratlnu tbero . l o eueb' .IIS 
ooethod of llCCOmpllabiog th~ee eoda. losteoces I N!&Or~ t.o tbe nse of "apeciAl do-

so 'rbe met bod, brielly ainU~<!, oooalate lo pro- vice whlcb I tn110rL In the circuit l>et -..ooo 
duciog arhltrarlly·uried or in tenollleot dis- tbe plates end tbeeoodenser for tbe pnrpote 
torbAOee& or eaecta, trnn•lolttlolf aucb dla- of COO V8J'IDIJ to eACh or tbe termioa la of lbe 
LUr\>IIOC&e or oaects lbrougb lbA O&toral m&- Jattor eleoLr!CAI cbar~tes Of thAI proper quA\. U O 
dill to n distant rec@ivlng·ahttloo, utilizing lty aod Qr(e r o f succession to ~onblo thoro-

5 s eue'l!Y derived fro10 aucb diat nrbaocea ore!- qulrecS.Uiouotof potentiAl energy to lJo ~to red 
foci.S at the re<'elr lnc·•llltlOo to obarge I COl!..· Itt tbe condense r. 
douaer,And uaiog tbe nccomolaU!d potential T berearel\ nnmberor well-known dovlcoe, 
energy 80 obtAined to operAt.o 1\ reeelvloc de- eltber wit bout noy moving parte or t.orcnJ unla •·· 
vice. • or wltb ele•oeots reciprocated or rote 1M by 

..., An appara tus by meaoe or •bleb tbls tbe appllc:ALioo of a aultablo rorco, wblob of· 
••ethod may be praetlced Is llluatrat&d In fer a more ready passage to lmpnlll05 o f ooa 
Lh" drawings hereto ADDtxed, fo wbJcb- elgo Or direetien 'ban to tboee Of tbe Other, 

1-'lgure 1 Ia a dl~ra•omatlo llloatratlon of or permit ooly Impulses of one k U!d or ordor 130 
tbo "pparatna, and Fig. 2 ia a roodla&d form ot anooouloo to thovef86 a p11Lb , R'bd'ooy of 

6s or urraagemeot ot tbe Mme. tbJise or almllar dovlcea capal>lo of t oiOlllog 
lo the pr&ctlcal appll¢.'\tloo o r my lllOtbod , tile reqn lrements may be used io carrying my: 

l naually proceed u l ollowa: At nny two tlnvootloo toto practice.· Ono aocb <)evlcoot 



(&oliiiiAr construction ,.hlc'b will sorvo lo 
coovey 1\ cle.~r ooderst.andlog of tbla part of 
my lnveotloo aod enable n pa1110n aklllod in 
tba a rt to apply the al\mo Is lllostraled in 

s tboannexedd rawings. ltoooel3tsoflloylin· 
der A of io•uh•tlos mAterllll, wblob Ia moved 
at 1\ uniform rAte of a peed by cloek1rork or 
oth~r suilnble motive power thld le provided 
wltb two tDOlal rloga a B', opoo whlcb boar 

oo brushea c and c', wbleb &re eoooected, re
epecUvely, lo tbe m~<nner abown to the ter· 
mln~<l !>fates P and P'. &00\"6 referM)(! to. 
From the riDI,"S B B' ~xtend oanott metallic 
aejlments $ ood 8·, vblcb by the rot.aUoo of 

• s tho cylinder A ~<re brought 1\lternatelylnto 
contact '"itb doable brusbee b 11nd b', CArried 
by 1\Dd In coot1>ct with eondnotlnJl·bolders h 
ond h', wbleb a re adjustable longitodloally 
lo tbe motallio aopport;s 1> MOd D', u ehown. 

ro The lAtter are·eoooectod to the terminAls T 
11od T' ot a condenser C, 11od lt •honld be nn
deratood thAt they 1\rO capAblo of angular 
dleplacemeot, as ordlonry brash ·supports. 
'rhe object or osiog two brush~. &5 band 1>:, 

•s to each of the holders h nod /&"Is to' vary at 
w!U the duration of theoleetrlct'Ootaet of lhe 
plateo P &od P' with tho leroainAio Taod T'. 
to which Ia ooouocled a reeelvloJl·clrcuit in· 
elad log A receiver R and a device d of the 

30 k ind abo•e referred to, lfblcll p<>rforma tbe 
dot)' of closlog ~he rocclvlog·olrcolt at pre· 
deter Cilined lntervnla of time aod dlacbArglog 
tbo atorod energy thrnngb tbe raeelver. lo 
tbe prosenttl\50 Lbla de• lee cooalau1 of a crl· 

JS lodord; mAde partly of cooduc~log and partly 
of losolatlog Ul&terial e and c', rupeetively, 
wblch Ia rotated at tbe desired rate of spe<!d 
by any •!' liable means. Tbe conductlog part 
t le In good eleetrlcal cooaeetloo with tbe 

4 0 abaft S and Is pro••ided "itb ~P<'rlog ~ll· 
ruent4/ /. upoo wbicb slidu n brush lc, eup
ported on a cooductiog·rod I, upablo of lou
giLodlnal adjnauneot In n U>et.allie anpport 
m. Aoother broab n Is arraoglld to" be.~r 

45 upon tbo abnft 'S, aod IL .rill bo soon thAt 
whoa ever ouo of tho segment.. f eo moe in coo
tact wltlo tho hru•b k tho ci rcuit, Including 
lbe reclllvor R, I• <:omplet•d and U.e -eon
d enser discharged throu~:h the sa one. Ry 11n 

so adjustment of the speed or rotll\loo of tbe 
cylinder d 11nd 8 displlltOment ol · th~ brush 
k 11long the cyliodor tho circult maybe made 
to opeo aod eiOS<> iu as r11pld aoc.,esslon sod 
r01oaln open o r closed durin;: ancb lotervals 

55 of liCilo •• maybe desired. Tbe plat68PI\od 
P', through wblcb the electrlncattons nrc con· 
vey•d to tbo brush &a c Anal c', may bent 8 
coaalderablo dlsllloco frorn •~cb otber and 
both lo tbe gronnd or botb Ia the air, or one 

6o In the ground and tbe other In the nir, pre I· 
er11bly 1\l aomo belgbt, or they m11y be con
nected to conductors oxteodla:; to 60mo dis
t.aoce or to the terminAlS O( any kind Of 11p
fll'r&tiiS supplying elec tric& I eaergy which is 

6s obtained from tho anergy of the hnpulscs or 
dleturbaaees transmitted Crom n dlstaoeo 
~broogh ~ba u11tural medl11. 
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In lllust,...tloa of. lbe opcr~lion oC tbe do· 
vices doscrlbed let It bo IISSUUiod that aiW>r· 
nRtl ag eleetrlcl\1 iCil pulses from "distant gen- 70 
erator, 1\1 G, ~~re trAnsmilled thron:;h the 
e~~rtb 11od that it. Is deal red to utilize those 
lmpulaes Ia nccordaneo with my method. 
Tbls may he tbe ease, lor example, when such 
A ttener:>tor Is used for pnri>9$0S or elgol\llog 75 
In ono of tbo ways before enumerated, as by 
hR\"Ing Its terminals coonected to> two poiuls 
of tbe eArtb dlstaol fro•n each other. To this 
CI\S6 the plates P and P' .are first coaneet.od 
to t\ofO properly-selected points of the earth. 8o 
The a~d of rotatioa of tbe cylinder A Is 
.-arled until It Is aoade to t urn Ia ssnehro· 
olsm with the 'IIW>roato Impulses of the gen· 
erator

1
and,OnAlly, tbe position of tbe b rushes 

band o'ls adjnsted by angulAr displacement, 85 
as usual, or In other ways, so tbat they lit& 
In conlaot with the segments s anal s' durlog 
tbe periods when tbe lmpo;fses 11ro a t or nel\r 
the maxim om of their Intensity. Only ordl· 
nary electrica l skill and knowlcdse are re- 90 
qolred to make these a~joatmoata, ~<od 11 
number or de•lcoa for effoetiag aynchroaous 
mo.-emen~ befog well ltoown, aod it bolog 
tbe ehlef object of my present " P.Piie&tlon to 
set forth a novel method or uttllzlog or ap- 9S 
plying" principle, a dellliled desoripUoo o( 
aucb· devices is not considered noeesaary. I 
mAy etalo, howo<er, that for practical pur
poses Ia ~he presenHasc it i• ooly necessAry 
to sbllt tho brushes forward or bAck u otll th e oco 
mulmum orrocL Is ••cored. Tho abo\'o rc· 
qolroments being fulfilled, electrleal cbs rs:os 
of tbe SAllie alga will be coovey&d to onch of 
the condooser-termlnals as tbe cyllnde• A Is 
rotal.foJ, And with each fresh Impulse th6 eon· sos 
deoaor will be ch11rged to 1\ higher potential. 
Tbe epeed of rotAtioo or lbe ~sliuder d be· 
lng odjndt&ble At will,tbe energy of any num-
bor of separate IU!pul•"" wny Lboa be aecu· 
moll>l«< Jo potential form Rnd allaebarged sao 
tbrohgb tbe rocelver R upon tbe broeb k 
eowlug lo coutaot with ·oao oC tho aeg01ents 
f. It •Ill be of course understood lhRt t b~ 
capacity or the condenser should be such 1\S 
to allow theetorlogof a much grel\leraooount liS 
or eaorgs than Ia requi~d for tbe orC:anary 
op<>rlltlon of the receiver. Since by this 
met bod 11 reiAth·el;; great· a mount of onergy 
Rod In a eulto<ble form m11y be made an-:.!1· 
Able for tho oporAtioo or" rocoiver,tbe Inlier • :o 
need not be very sensitive; . but or courso 
when tho Impulses are ..-ery faeblo, M when 
coonlag froau n great di~tnnce or ""bon it Is 
desired to opernLO l\ receiver volry rnpldly, 
then 11ny of the well-known alovlres cnpnblo u s 
of responding LO •·ery feeble influuncu anny 
bo used Ia tbls coonoctiou. 

It insteaal or tbe &ltero&tiog impul5o• ehort 
lmpultes of the s.~me direction are coo,·oyed 
to tbo pllltes P and P", the &ppl!rl\tus de- •JO 
scribed on11y alill re..alily be used, and for Ibis 
purpose It Is tnorely necessary to shirt t he 
brushes band b" Into tbe posltlou lndle&ted 
bv tbo dotted lines wbile malntlliolag the 
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.;a me condit-ions in regard to syneb(onism ns 
before, so that the succeeding impulses will 
be permitted to pass into the condeqs~r. bnt 
prov.ented from returnin!! t o tho ground or 

s transmitting medium during the interval• 
bet,.cen them, o•dug to the !n'terruptiou dur
ing such intervals of the connections leading 
from the condeoser-terminnls to tho plates. 

An<ttbor 'l'!\J of using the apparatus with 
1o impulses of tbe same direction is to tlll.:ll oft 

one p8ir of brushes, as b, disconnect t-he plat-o 
P from brush a and join it dlreclly to tbo ter
minal T of the -condenser, and to conu~ct 
brush a with brush a'. Tbe appnratus thus 

15 modified would appear liS shown in Fig. 2. 
Operated in this manner and assuming the 
~pec<l of rot.~tion of cylinder A to be the same, 
1 be apparatus ,.ill now bo evidently ndnpt\'<1 
for n nuruber of imp u)see per unit of time 

>o 1-wice as great as io the preceding caso. Iu 
nil CRSO>I it is' evidently important to adjust 
tho durnLiou of contact of ~ugmeots s llUd s' 
with brushes o b' in the mRooer indicated. 

When the metbc.d and apparatus I have de· 
'5 •en bed are used in connection with tho t•·ao~

onigsion oi-ai,wn.ls or intelligence, it will of 
CI)Urse be understood that tho transmitter is 
OIJ&rn.ted in socb n n·a:v RS to produce disturb
ances or effects which are varied or intermit.-

. 30 rod in some arbitrary mRoner- for 1>:z:ample, 
to produce longer and shorter successions of 
I m pu!sescorrespondiog to thedasbes11nd dots 
or the Mor11e lllphRbet-and the receiving de
vice will re•pond to and indicate r.heae varia-

JS tions or lntermittenco;s, since the storage do
vice wilt be charged and diccharged n nnntber 
of times corresponding to the dorntion of. the 
&uccesaions of impulses received. 

Obvionsly tho special appli~<oces used iu 
~o carrying ont my Invention may be varied in 

1011ny ways withontdopMting from t.hespirit 
of the ssme. 

It b to be obson·ed that it is the function 
of the cylinder A, with its brushes and oou-

4S noctions, to render 'the elootriee.l Impulses 
coming from the plates P and P' suitable for 
charging the eondonser·(assuming them to be 
unsuitable for this purpose in the form In 
which they are received) by rectifying-them 

so ~<ben they are originally t•ltaroatiog iu direc
tion or by selecting such parts of ·them ns 
nre suitable when all are not, nod any otber 
dovice perfonning. this function wiU obvi
ously answor the purpose. It is also e\·idout 

ss that"' device such as I lis.ve already referred 
to which offers a more ready pe.saage to im
pnlsosof one sig~> or permits only Impulses of 
the ssroe sign to p3.!s may also be nood to 
perform this solecti\·e rnoctkln·ln many cases 

6o when alternating impulses 11re received. 
Wb.nn the impulses are long and .all of "the 
BAmo diroction, Rnd even when they are al
ternating, but sufficiently long in duration 
nod sustAined in electromotive force, the 

6s brushes b and b' may be adjusted so as to 
t>Mr on tho pnrtsJl D' of the ~ylinder A, or 
th~ cylinder and its brnsbes m.&y be omitted 

and the terminals of th(iconuooso.· connected 
direotly to the platns? and P'. 

It will be aeon that l>y tho use of my in· 70 
vention results hitherto un11ttaiuablo in util
izing disturbauces or effects transmittllli 
through natural medin may be readily at
tained, since however ~reat·the distauco or 
such transmission and holl'ever feeble or at- 7 5 
teooated the impuls~s received enough on· 
ergy may be accumulated from them by stor· 
ing up tho enorgy of eucceediug impulf!es (or 
a sufficient interval of time to rend or tbe sud· 
den liberation of it highly e!Ieetive in operl\lr 8o 
inga receiver. In this wr.y receivers of n va· 
riot:; of forms may be made to respond ofl'ect
ively to impulse~ too foeblo to be detected o r 
to be made to produce any sensible effoct in 
any other wny or which I am aware, n roault Bs 
of great ,·slue in \'llrions npp!ications to prac· 
tical uso. 

I do not claim he ruin 1111 appnratn$ by me& no 
or which tho above-described method is or 
may bo practiced either in tha special form 90 
heroin shown or in othor forms which nro 
poJSSil>lo, baving mndo c!aim9 to eu"b appa· 
ratus in aooLhor application, Serial No. 
729,812, filed Sopt6mber S, 169~. ns a di,·ision 
of.t be present case. 9 s 

W·bat I claim as my iovonti on, nnu desire 
to secur.e by Lotters I'otonl, i~-

1. Tho rnet-bod of Lrnnsmittiut; and uti liz· 
ing olooctrical onergy horoin described, wbioh 
cooslsts in proilucing arbitrarily ,·nrlod or In· 1 oo 
termi·tt9ol cloctricnl disturbauc~s or effects, 
transmitt.iog the same to a distaut roceiving
otatioo, charging. for succeodiug and prode· 
\ermined periods ot Limo a condenser ~<ith 
eno•·gy derived from sucb ol!ects or dista•·b· 105 
ances, 1\Dd operating a receiving ileviee by 
diecharging nt arbitrary ioterva!9, the accu· 
mulated potantial energy so obtained, as set 
forth. 

2. The method or transmitting and uti!iz- 110 
log elect.rical energy herein described, which 
cousists in producin-g eiocLricn! distu rb&riccs 
or alfocts en pablo of boing tr11nsmit ted ton 
distance through tbQ hllturnl media, chnrg· 
ing n condenser ot n distant receiving-statio~ 11 s 
Jl'ith ooergy ilerivod from such etrocts or dis
turbances, and using ro~ periedaof time, pre
determined as to soccessiQu and duration, 
the potential eo~rgy eo obtained to operate a 
receiving device. uo 

3. The wetbed of transmitting nod ntlli•· 
ing electrical energy herein desoribed, which 
consists In producing electrical, disturbances 
or effects capnblo of being trno~m!tted to a 
distallce throngh tho natural media, cb11rg- 125 
iog a ooodeo:;~~r a t a distant receiviug-station 
tor anccoeding and prodetarmined perleds of 
tlmo, with energy derived from such etrocts 
or distnrbances, and using for periods or tiwo 
predetermiosd ns to aoccession 11ud d u mtion, 130 
the &<:eUionlated energy so obtniued to oper-
nto a recoi vlng device. 

4. Tho method heroinboforo described of 
preduciog arbitrarily varied or lnl.ermittad 



.Metrical disturbances or effects, trnnsmit
Uull' such disturbnncos or effects through 
the natural media to a distnnt receiving-sill· 
tlon, storing In a condonser energy derived 

s from a succession of. such disturbances or ef· 
feels for periods of time which correspond in 
snccessioo to,snch effects or distnrbancos and 
nro predetermined as to duration, and using 
the accu m ulaied potentia 1 en~rgy so obtained 

10 to operate a receiving device. . 
6. The wetbod herein described-of produc· 

ingarbitrarily v&ried or intermitted electrical 
dletu~bances or effects, transmitting such 
disturbances or effects through tho natural 

rs media to a distant receiving-station, e5tab· 
lishing th_t~reby n flow of olectriral ()nerg:y in 
11 circuit nt such stntioo, charging a con
denser with eno11:y from such circuit, and 
nsiug tbo accQmulnted potentiAl energy.so 

., obtained to opera to a receiving device. 
6. The method he rei u described of prod uc: 

hig arbitrarily varied or intermitted olcctriCIII 
distnrbnnces or effects, transmitting such 
disturbnnces or effects through the natural 

•s media to a distant receiving-station, estab
lishing thoro by a tlow of electrical ouorgy in 
a circul~ at such station, charging a con
denser with ~loctrical enefl?Y froru each cir· 
cuit, a ad discharging tho accuml!!ated poton· 

30 tial energy so obtained into or through a rc· 
celvlog dovico at arbill·ary intorvnls or t<me. 

7. Tho wothod herein described of pr9llnc
iog arbitrArily varied or iotermitt.ed electrical 
disturbances or effects, trnosmittiog such 

JS <llsturbnnces or effects ton dist1111t receiving
alation, establishin~t the1·oby II flow OC oleo· 
trical energy iu a Circuit at ench station, se· 
lectiog o1· directing t·he impuL~ea io said cir
. cult so a.~ to rcn<lcr them suitable for charg· 

40 iog a coudenser, cha•·giag a coudeoser witb 
tho ir>~pu!ses so selected or clirectcd, and die· 
charging lbe nccumulat,ed· potential energy 
so obtaine<l into, or th~ongh n receiving de

. vice. · 
. ~5 8. Tho method herein described ~f produc

Ing a rbitrarily varied or intermitt.ed electrloal· 
disturbances or olfecb, transmitting such 
d{sturbauccs or etiecta through the uatnral 

·media ·to a distant reoeivio:;·statioo, estab· 
,;o Jishlng thereby a _now ot electrical ouorgy In 
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a circuit nt each station, selecting or direct: 
ing tho ilnpul&ea ia said circuit so as to ten
dot· them suit&blo for charging a ooudenser, 
charging a coodeosar with the impulses so 
selected or directed, and discharging tho ac- ss 
cumulated potential energy so obtalnad into, 
or through a ~eceiving de\· ice 11t MlJit"ary in. 
tervals.of time. , 

9. The method hereinbefore described or 
transmitting sign .. ls or intelligence, which 6o 
consists in producing at tho souding-stntion 
arbitrarily varied orintermltt.ed distmbances 
or effects, transmitting euch llistnrbnnces 
or etiecta through lhe natural me<iia to a re
ceiving-station, utilizing.onorgy dorh•ed f roni 6_s 
such disturbAnces or elfeots at the recoivlng
stntion to charge a condenser nnd using tho 
accumulat~d poteutinl eoorgy so ob~iaed lc 
operate a receiving device . . 

10. Tho method boreiubeforc described of 70 
trnosmittiog sil(nals or iutelligenc~ throogh 
the .natural media from a sondiug-stat,ion to 
a rocoiviog-station, wbicltconsist.s in prod ac
ing at the sending-station, arbitrnrily varied 
ar intermitted electriCAl effects or disturb· 75 
1\uoos, transmitting the sarne through !be oat· 
ural media to the receiving-station, utilizing 
tho energy derived from a ncb disturbances or 
effects a& the roceivlng-sllltion to cbargo a 
c-ondenser, und discharging tho nccumulated So 
_potontir.l energy so obtained through a re
cclviog do\'ir.o at Arbllrary intervals of tirue: 
, 11. Tho method herelubofore described of 

transmitting signals or intelligence from a 
sending to a distant receiving station, which Ss 
consists in p~odrtcing at the former, Rrbitra
rily va ried or intermitted electrical disturb· 
ances or el!octs, transmitting the same to tho 
recoiving·st.ation, charging by tho energy de- . 
ril"cd from such disturbances or effocts at the 90 
receiving-station a coodooscr, and using for 
periods of time predetermined as to succea· 
sion and duration, the potential energy so 
obtained to operate a. rectivlng device, 1\6 set 
forth . . 

NIKOLA TESLA. 
Witnooses: 

LEONARD E. CORTffi, 
A. E. SKINNER. 
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To all wh.cna. it nw.y concern: 
Goitkunw tt thl\t I, N!KOLA T &SLA , a dl.izeu 

Jf tho United Stntes, rASidiog 11t No1v York 
city, iu tho county nnd SIRto of New York, 

1 hn1·e invented n uew aod usefnllmrrol'omont 
ia lllotbod~ of Utilizio;: EffeP.t,.~ Tran~mit· 
ted froUl a DistRuce to A Hect:iviog Dovir.e 
Througlltho Nntuml Medin, of which tho fol· 
lowi ng is n spccific;~tion, reference ooiog hnd 

ro to tho accompanying drnwin"~· wh ich form a 
part of the sAme. 

The subject or my prescut invention is an 
impt·overneot in the nrt of utilizing effe;:te 
t rnnsmitted from n d isla uce to a receiving de· · 

cs vico throngh the natur:tl media; nnd it con· 
slsts inn nO\'OI mctho<l hereinl\fter described. 

.Ms iovent.ion is parliculurly useful in cou
ncction wit h methods And appAratus fo•· op
et·Miu:; distl\Dt receil'ios devices by •ucons or 

.o clectricnl <listnrbaucos produced t>y proper 
transmitters and con veyed to such recel\'log 
dovices throu gh tho oaturnl media; but it 
obviously bns a widoT rango or nppliCAbility 
And mny be employe<.!, ro rexamplo, in the ln-

,5 \'CStigAtion or llliliz.ntiOO OC terrestrial, so1ar
1 ot· o ther disturbances produced by oaturn 

canse~. 

Se,·ernl ways or methods or trnusmiltin:;: 
elcctricnl clisturbaoces t hrough tho nnturl\1 

JO rnedil\ nnd ut il izing them to operate distant 
. t<Ccei\'MS Aronow known nnd hnve been ap · 
plied with more 'or less succe~s for accom
plishing" l'ariotr or useful resu lte. Ono of 
th~so ways consists in producin;: by A. suit.-

.IS nblc nppnmt us rays or radia tions-tha.t is, cJ is
turbances-which nro propl\gated in strnight 
Hues t h roog11 space, directi og them upon n ro· 
ceiving or recording apparatus at a distnnceJ 
n n<.l thereby brio~;ing the latter into uction. 

40 'I'll is method i• the oldest nntl best known 
nnd hns been brought pnrticnlnrly into promi
uoncc in r·cccot yeflns thron~h tho ittVE'~tign
t ions of Heinrich Hertz. Anothot· method 
con~is1::1 iu pasgina A current through x cir· 

4S cui!, prefernbly ono inclosing 1\ ''c•·y la,·so 
nrca, in tln<'inJ!' t hereby iu H flimi lar circu it. 
situnterl nl n d istance· Rnotbet· cu •·root nntl 
an·ectin~ hy tho AAme iu Any couveuieut. way 
:\ 1'Cceivin~der ice. Sti1J another way, which 

so hnsnlso been knowtt formnoyre•u.,, is topi\.SII 
in nny stiitaUio mn.nner ~ curreJtt through A. 
po•·liott or 1 he ~;rottntl, M IJr ron nectinr, LO two 

poi o t~ or tho &~~rue, preferahly nt n conside(
ablo aistanco from MCh other, the two tcr· 
ruinals of a senerator And to energiza by n ss . 
pnrtor t bocnrrentdi lfused throu::h the earth 
n dislnnt. ci rcnir., which i:s simill\rly n.rrl\nged 
nod gronnd~d nt ~\\'0 roints .vid ely apart an.J 
which is made to act upon n•onsiti1·e rtcelver. 
Th6so various methods bnve t.heidimitRt ions, 6o 
ooo especially, ><hich is comu1ou to all, being 
that tho receh·i ngcircuitor instrument mnst 
be ruaiota ioed iu a defioito' position with re· 
spoct to the t rnnsml t t inJ( appnr~tn•, ~rbich 
orteu imposes great disa!l,·antage.• npoo the 65 
use or tbe apparatns. 

In se1·eralapplications filed by mo and pat
ents )!rnnted to me I ha1·e d lsclosocl othor 
methods or aecootplishin:.: resul ts or tbis na· 
turc wblch tnny be !:>riefly described ns rol· 70 

lows: ln uno system tho potenti lll of n point 
or region of the Gl\ rtb is varied by impnrting 
to it intormit.ten t or nlternat.lng electrificn.· 
Lions throogb 009 Of the terminals of a suit· 
able source of ele~tric><l clisturbnoces, which 1S 
to heigh teo the effect b•s its other terminal 
connect ed tc au losolnted bO<lS', preferably 
of large s urface and ~< L nn elevl\tion. •rhe 
electr ifications communicated to the earth 
spreAJ in all d i rectiOnS ~ltrOII{;h lbe same, 8~ 
rcA.chin;.: a UititS\n t. ci rcuit., which generally 
bas its termioal$ a t'l'~n~;etl 1\Qd eonnecle.d 
sintilxrly to those of tho transmitting son reo 
nod ope1·ates upon a hi gbly·sonsi t ivo receiver. 
Aoothnr method is based upon tho fncL that Ss 
the al•uo~pheric a ir,\vhieh beh•wes as on ex
cellent insull\lor to Ctlt'rents gennrated by or· 
dioary llpparAt.ns, becomes .a condut:tor un· 
tler tho i n nu~nce of currents or iropulsns of 
enormousl y bigh electromoti•·o rol~o wbicb. 1 ?<> 
have devised means for senorntiog. lly such 
I ll eft. OS Hir atrat.R., which a1·o et\Si1y R.ccessible. 
aro' rcn<lor·o<l "''•lilnble for tho production of 
•n• u)' desiro<l o!lect. nt distances however 
great. This method, furthermor~. allowed ?S 
admutsge to be ll\keo of many of those itn · 
provcmeuts which nre prncticnblu in tho ordi· 
OKry Kyl3t91n!! O( lrt\O~IDiSSiOn in\'Oh'in:; the 
uso of "metnllic conductor. 

Obv iously whatever ufothod be employO<I 100 

i Lis de.•i rnble that tbo tl istn rbances procluce<l 
by ~he tmnsmi ttior; npplll'l\lns should oo liS 
powerfnlt.- possible, Antl by tho liSO o( CUI'· 

tai ll fnnns of high.f t'O'JliCncy 11ppilt'll( liS wh ich 
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I hnv.e devised nnd whfcb~re now well kno1rn 
important practic><l :~dvant.ages r.re io this 
rcspectsc~urcd. Fllrthcrmore,sin'C<lin most 
cases tb-o ·nmour.t of energy conveyro to the 

5 clist.Antcircnit is bat a minuto f:·Acti(li:\ Of the 
tothl energy emanating rrom tho sou reG it is 
neC63!lM'Y for tho attainment of tho be-st ro
sultf; ~hp,t wbntevet· tbe character or tho re
ceil·er nnd the nnturo or the disturbances a$ 

to much 1\S possible or -the energy convoyod 
should be .nade available for the oporntion 
of the rece-lve'r, •nd with this object In view 
I have he etofor.e, nmon~t other means, etn
ploye<l a receivinj:t-clrcuitof h igh self-induc-

tS tloo and very small resistance and of R period 
such ns to vibrAte in syncbronlsn1 1vitb the 
disturbM!Ces, whereby .a number of separate 
lmpolses from tho sou reo were made to co
opora tr, tbus. mngnifylog the effect e~erted 

10 uponl\nd Insuring tbc action of tho receiving 
device. By the110 means decided a.lvnnta:;es 
.have been :~eeored iu many instances ;''but 
\"e ry ort-en the lmprovernon~ Ia either not np
plicnble nt ell, or if ao Lbognin-ls very slight.' 

•S Evldoo tly when t uo sou reo i$ one producing 
n con tinuoos pi'CS.,nra or delivoring impulses 
of long dorAtio.n it is ionprncticable to mn~;nify 
tho effcctd in this manno1·, and when; on tb~ 
other hand, i~ls one fnrnisbingahort impulses 

30 of oxtremo rRpidiJ.y Of 8U C~CSS!On tbe 1\dVI\D· 
tr.ge obtllincd in this \VIIY is insignificant-, 
owing to the rad iation and the ann voidable 
frictlonfll wtt:.te In tho receiving- circui t. 
'fbeso lossro ro<!uce> greatly both the intensity 

•s 1\nd the nambero: the coiipemtivo impulees, 
nod 8ioce tho i.nitlallntonsity of (.'IICh of those 
is nece.ssnrily lilnited only an inslgnH\cant 
:unountof energy is thns tnade avnilablo for 
a single ope1·at.lon of tho recel ver. As tpls 

<o amon nt is consequently dcpondent on t bo en
ergy conveyed to 1tbo rccol\·er by ooo einj!lo 
impnlso, it is evidently nece3s.uy to employ 
uit her ''· very lnrge Rod costly and ~herorore 
obj~cli~nnb:~ trnnsmltt.er o r .~lso ~o reebrt to 

4 s the cqu.\lly objectlooable uoe or n recoivicg 
device too delicate nud too enolly 'deranged. 
Furtberc1orc, tho energy obtabod· throngb 
the co6pe:ation of tho impulses is In tho form 
of extremely-rapid vibmtlonr. antl be~nuse uf 

so this unsuitable for the operl\l ion or ordinr.ry 
1-eceivers, tbe moro 20 1\S tlli~ form of onorj!y 
imposes narrow rest riclious in rogr.1·d to tho 
mode and tlroo of itd npplicntion to snch lie
vices. To o,·ereome these nod other lim !ta-

SS lions Rnd disadvant11gcs lhflt ha.-e beretofor"o 
existed ID soch oyst.ems of traosrnieoion or 
signals or Intelligence and to ronJer possible 
nn io,·estigatlon of lmpolses or d istu rbances 
propngated through the natural mediR from 

6o nny kind of source and thei r practical ntili
mtion for nny purpose to WUich they Me ap
plic.a blo, Inn vo dov ise1ll\ uo1·r I method, wh icb 
I hn ve described in a pending npplication 
lil~•l Jcne 24, 1809, Seri1\l No. 721,790, and 

{;s which, brondly statnd, consists In errecting 
during n.uy de.sil'cll timo intervaln stornge of 
enflrgy olol"iw<l f1·on1 snch impnlseo nnd uti!-

!zing the potential energy so obttilnod ror op· 
erating a receiving device. 

My present invnntion is intended ·ror tho 70 
~:uno s~neral purposes, and it compri~ fl 
modified m&tbnd r.cd apparntns by uronns of 
,.,hicb simiiRr resulls may be obtailoed. 

Tho tuief fenture "'bich disti ng r.isbes my 
present from roy former io\'eotiou jast re- H 
ferred to Is that the energy stcred is not, ns 
in tho former inatnnce, o\>tnined from tho en· 
er;ty or the disln r"'ances or etrecta transmi t
ted from 11 distan~e. but from an independent 
8011~0. ~ 

Expressed generally, my preeflot method 
consists i;, cho~rgiog a stornge dovice wltb en
ergy from nn independent sou reo eont:-olling 
t he chRrgiogof s:tid device by t.be net ion of tbo 
effects or disturbances tran9mitted throngh S: 
tho natural media nod coincidonthlly ue\nc 
the stored energy for opt'rating n receiving 
dovico. · 

A grant \"1\riety or disturbances prodl!CNl 
<'it her by snit.nbly-constractcd .tmusmittera 90 
or by nr.turnl causes are at presoat known to 
be propagated through 'tbe nRtDrnl media, 
nod t horo nro nlso n variety of means or de· 
vices enabling t'nergy to be at.ered, and in 
view of thi3 I wish to say that I consider the 95 
utilization of any such distarbanoes ancl t lie 
employrueot of nny of these meRDS ns wltbin 
~he scope or my present Invention ao lone ail 
tho nse of tho general method berelnheforo 
stntecl is invol ved. t <>v 

·Tho best wny ot carrsing out JOY Invention 
which I nt prooon~ know is to storoolectriCAI 
energy obialncd from R suitable eloctrles<l 
geooroto r in a condenser acd to control tho 
s tornge o•the nppllcation or this ocergy by t o~ 
means of R sensi~ivo device Rct.od upon by 
the ofrectnor disturbance~, and t-h~rebycauoo 

. tho operation of the recei,-er. 
In tho pmctienl uppllcetion of this method 

I nscally proceed as tollo1vs: At any point tto 
whore I desire to invt'StigRte or to utilize tor 
ncy purpooa effects or disturbances propa
gat(ld throngll the oataral l!lediR from acy 
kiod of soorce I provide a suit.'\ble generator 
of electrie.ity-as, for example, a batter}• and us 
n condooser-wh!cb I connect to the poloa of 
the generator in series with n. sensitive de-

. vioecapnbleof being mooified In its electrical 
l"esi~tonce or otber property by ~ho'actioo of 
tha disturbances emitted from tbe source. t2<> 
To the terminals of tho condenser I connect 
the rec<"iver which is to be OJl<lr&ted in series 
~lth another device of suitllblo construetion 
which performs tho ftrnctlon of periodically 
discharging the condenser throu gh the re- us 
ceiver at and dllring eucb Intervals of time 
as may be bes~ suitable for tho pnrposo ooo
te.npiRt.ed. This latter device mny merely 
consiijt of t wo.etntionary electrodes separat-ed 
by" feeble dioloctric lRyer of minnte thick· '3" 
ness, but oufllciont to greatlyreduceorprac· 
t icnl)y inrerropt the ou rrent in tbo oircnlt 
nnder normal conditions, or it IDI\Y ooroprlso 
terminals ono or mnrc of watch nre movable · 
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and ae~oatcd by any aoltablo Coree and are 
adapted ~ bs broogh~ Ia to 11ncl oat of con
Uic~ with Cl!Cb o~her In noy con1·enioo~ man
ner. 'l'he seositi1·e cl~vleo •naybennyof the 

s 111any devicos of this klod IVbich are knowo 
~he 1\lfccterl by tho cllsturbl\nces, Ito pulses, 
or ollects propa~atecltbrough tho modlft, and 
It may be or sncb n character tha~ norwally
tblll Is, when ootacted upon-It entirely pre-

co I' eo ts the pae.'illge of electricity from the gen
erAtor to the cooclenser, or It m11y be such 
tb&t I~ a llows a gradual le&klng through of 
the corroo' aod n charging of tbe coodeo:~ar 
at A slow rate. I n any CAse I~ "Ill be seea 

rs that If tbe disturbances, of wh&te~er nature 
they may be, cause 110 Bpprec iDoble diminu
tion In the electrical reslstl\nco of the seosl
t!vo device the current :ron~ tho battery wl11 
pr.as ll)ore readily into tho cooucnser, wbicb 

20 will oo Cbl\rged Rt A mor<> t·npld rate, And 
eon~Otjueotly each or its d14cbnrgos through 
tho receiver, periodic:~llyelfcctt:d by tho spe
cial do vice beforo referred to which perfor10s 
t his function, will be stroocor than nor-

=s mnlly-thl\t is, wbeo the aonsttil•e device is 
not acted upon by the disturbances. Evi
dently, thou, If tho receiver be so adjusted 
thAt I' does uo~rospond to tho comparatively 
feeble nor:nnl d!seh&rgesor tho condenser, if 

10 they Ghould occur, but only~ those stronger 
ones 1'#blob take placo upon the dhnlnotipn 
ot tho reslatance of the sen~ltlve device; i t 
wl!i ~·o opernted 'only when this devico iuct
od upon by the dlstarbances, thus making it 

JS possible to investigate aud to utilize the !at· 
tor for any desired purpose. 

Tbe general principle on<lerlyiog my in
\'Cntfon and tha operation of the various 
devices usecl will be ciOArly uoderatood by 

40 referooce to tho accomp110ylng dmwiogs, in 
which- • 

Figure llo a diagl'<im illnstratlog n typieal 
:~rrangement· of app:tratus which may be used 
.In or..rrylng my tnotbod Into prnctice, And 

~S Fl!,>s. 2, a, 4, nod 5 similar dlagrnms of modi
fled nrrnngemeuto of nppllrntus (or the SRtno 
purpose. 

I a J,.l!f; I, Cis a condenser,to thotcrroinats 
T and '1 of which in counoetod :>charging· 

50 clrcnlt includica n battery D. 6 sonstti\'O de
' 'ico u, a nd a resistance r, all conneetod in 
soriu, as illost.ratecl. The battery should be 
pro!orably of very constnnt electromoti\'e 
force and of ao inteosi ~y Cl\rcfa lly determined 

ss to :~ecnro the bel;t res nits. Tho r~sistanco r, 
which mny oo 6 friction~! or nn in<luctivo 
one, is not nboolotely necessary; but It is of 
RdvaotAgo ~ u~e it in ot-.!er to racilitftlo n<l
ju~tmeot,nod for til is purppse it tnl\)' be mndo 

(;<> varlnb!o in nny convenien't and prcferRbly 
continuous wanner. Assun~lug thnttbedis
turbnnces which aro to bo lnvestlgatad or util
Ized for so•no prscUCAJ end 1\ro rnyn identical 
10ith or rtaembling those of ordinary light, 

65 tho &enslt!ve do1·ico a rr.ny be a aelenlum cell 
pro~rly prepared, so M ~be highly suscep
tible to tho lnnuenco of Ute raya, tbe action 

32 Nikola 'fesla 

of which shoold be iotensi6od by tho ruoa.or 
B reftector .A, sbo'll'lt Jo the drAwings. It Ia 
well known that 1•hen cells of this kind 11re 70 
exposed to a ncb rcys or greatly-vnrylog ln
tensit.y Lhoy undergocorrospondiug modl6ca
tipne of their o!octricnl resistance; h~t In the 
.WAys they bnvo bceo beretofoNl Med thor. 
bave been ot very limited ntility. In ndd - 7f 
tlon to tbe circuit !ccluding the •enaltlve do
vice or coli a aoother cirouit b provided, 
wblch lsllkewiaecoonectod ~tho terminals 
T T' of tbo coudenser. This clronll, which 
may be ~lled tbo "re<>e i•·lng-clrcull," In- 8o 
elodea tbe reoelvor Rand in serlee wl'b ltade
vlce d, before roforred to, which perfonn tbo 
duty or perlodical!y discbarglojt tho coo
deaserth roogb tho recei ~er. 1 twill bo noted 
tlcM, ns shown In Fig. I, the reoolvlog-clrcult ss 
13 In permnuoot cooneclioq with the b&tt~ry 
And eondenser tel'minal T, notlll shon!d bo 
stnLed thnt It is oometimes desirnhle to en
tirely insulate the receivlog-clroult at GIJ 
Limos except 1 he moments when tbo ~o••!ce 90 
d operates ~ discbnrge tho eoncloosor, thus 
pre1·entlog 1\ny disturbing ioRilenco which 
wight otherwise bo caused in tbls clrcalt by 
the bAttery or the condenser dnrin~t tbe pe· 
riod nhen the receiver shonld no~ bo Acted 9S 
opoo. Ju such ,.. oose two do vices, as d, mny 
be used-one io each connection fro•n t he 
condenser~ the recoivlog-circult-orelao one 
single dov!co or this kiud, but or "suitnbly
modlfiod construction, eo thRt it wiJ! ronko t oo 
aocl break slmolt.&oeous!y and 1\t propor In
tervals ut li10e both of tbe connoctfona of 
this circuit with tbe cooclonser 'f nod 'f'. 

From Lbo foregoing t.be operatiou or the np
paratns ae illustrated ill Fig. I will bo at tos 
ooca underltood. Normally-that lA, '"ben 
it is not Jnftooncod by the rays 1\t al! on·ery 
slightly-tho cell a being of a compAratively 
high rosist.&uco permits only n re!Mivoly fee-
ble current~ pass from the battery Into the uc 
coodooaer, and Mace the latter is charged nt 
too s low n rato ~accumulate cinrlng the Ume 
ioterval bet"oeu two succeeding operatioos 
ot tho device cl sumcieut enet·gy ~ opera~ 
the recoil'er or, genera!iy speakiug, ~ pro- us 
dncc tho requlredchauge In the recelvlng-cir
.cuit. This conditioo is readily secured by a 
proper &election and &djnotment of tho v~rl-
ous devices <!&scribed, so tbat tbe receh·er 
will rem1<in unrosponsive to tbe feeble tlis· u o 
cb&rgos ot tbe coodeos'cr wbich m~y tAko 
placowbon tbeccl! a Is acted upon bnts!lgblly 
or not nt all by tbo c·nysorOisturb~<nccs; but 
if now now I'IIYS are permitted to fnl! lipo•i 
th e col! or If tho townsity ot thoso nlrcndy • •s 
nctlng upon i~belucrei\Sed byuny cnusetbou 
its re..istanco will bbdiminished nnd tho ccn
<leuser will bo chArged by tho b~ttcry at a 
mor.l rupid rate, enabling sufficient poteulial 
eoergy to bo ~~red in tho eondeuser du ring 130 
the period or 1 oaction or the de\'ice c/ to op
emto tbe recoh·er or to bring 6boue noy do
sired ch~~ngo Itt thorecclving-circnlt when the 
devico d nets. If t he rnys Acting upoo tb& 

• 
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cell or sensiLi~e device a .. re vnried or inter
mitted in nny arbitrary •manner, ns wbcn 
transmitting intelli~once lo the usual way 
from 11 distant station by menns of short nnd 

5 long signals, the 11pparatus may rcndily oo 
made to record or to eunble nn operator t.o 
rend the m~ssage, sinco. tho receiver, sup· 
poslog it to be an ordioary mngoetic relay, 
for e:umple, will be opernted by encb signal 

to !rom thoseodiog-station a certain onmberof 
t imu bflviog some relatiou to tho duration 
of each signal. h ..-m oo rudtly seen, ho,~· 
e\·er, that it the rays are varied in any otber 
"">'• 88 by impressing opoo tbem changes 

•s In intensity, tbe succeeding condense•· dis
chnr~:es will undergo corresponding ch~nges 
iu lnteoaity, '•bich may bo Indicated or re
cordad by a soitablo receiver nod di>tin· 
gulshed Irrespectively of dnra~lon. 

oo With reference to Fig. 1, it mny IJc useful 
to state thnt the electricnl coonoctions or the 
various devices lllastrated mR)' be made in 
many dltfereot ways. For instance, tbo sen· 
sltlve device· instead· of belug In series, as 

• s shown, may~ In a shnnt to tbe condenser, 
th is modification being illustrlltod In Fig. 3, 
io which the devicea alre11dy described are 
Indicated by similar l@tters to correspond ..-itb 
thoaa of Fig. 1. In this case it will be oil· 

30 served tha.t the condeneor .-bich Is being 
charged from tho battory D through tbo resist.
ance r, prefernbl)' indntli vo nnd properly re
lated to tho capacity of tho condenser, ,..ill 
storo loss enet"gy when tbo sensitive de~ ice a 

JS is energized by tho r~r• and Its resistance 
thereby diminished. Tho 8djostll)eotor the 
various iostromeots may tbeo be such that 
t he receiver will oo operated ouly wben the 
rays are diruioished in intensity or ioterrnpt-

40 ed and entirely proveotod from f111ling upon 
tho sonaltivo cell, or the seMiti ve device may 
bo plRCed, as shown in Fig. 4, i.u a shunt to 
tho resisi.Anco r or inserted in auy suitable 
WRY in the circuit containing tho rooeiver--

45 for eumple, as illastratod In Fig. 6-in both 
or which Ogares the various devices are let
tered t.ocorrespand wiLh those In Fig. l, so tbat 
the flgnres become self-explAnatory. Again, 
the several instruments m11y be connected io 

so the mnnner of a Wheatstone bridge, a.s will be 
hereinafter explained with reference to Fig.!!, 
orotbef'vi;econnected or relnted; but in each 
case the sensitive dcvico will bave tho sMno 
duLy t.o perform-thnt is, to coutrol Lbe en-

SS crgy &lured and utilir<!d in somo suii.J\blo way 
fo•· caosinp- t.bo operation of tbo receiver in 
correspooaonco "·ith tho intormittencos or 
variaLior.s of tl,e etrectsor disturbances, nnd 
in eacb instance by n judicious selection or 

6o th~ do" ices aod careful adjustment the ad
vanta;ca of my method m11y be more or less 
completely secured. I Ond iL profor11blo, how
ovo~r, to follow the plan wblch I hAre illns
trllted and doscribed. 

6s tt will be observed tbat t be coodenserisan 
irnpnrtnntc16ment iu tho comlJino.llon. I have 
shown t.hne by reason of its unique properties. 

it greatly aclus to tbe efficacy or this method. 
It allows tho enorgy accurnnlatod In It to bo 
discb11rgod luatanr.aneonsly, aod thoreforo in 7" 
1\ liigbly-elfoctive manner. It mRgnlftes In a 
large dogroe the current supplied from tho 
bl\ttory,aud owing to these features it permits 
energy to be stored and discharged ne prac
tically MY rate deslred, and t.heroby makes 7S 
it possiblo to obtain io the receiving-circuit 
very grel\tcllangas of the current strength by 
impressln~ upon the bnttery- current very 
small vArulliO:ls. Otber means of storage 
possessing these characteristics t.o a useful 8o 
degree m11y be employed without depMUn~t 
from the broAd spirit of my invention; but I 
prefer to nae n condenser, since In tbcse re
spects it excels nny other stornge clevice of 
w b ich I bAI'o knowledge. 8 5 

In Fig. 2 " modified nrraugernent of ap· 
paratus is Illustrated which is partlculo.rly 
~dapted for tbo investigation and utilization 
or very feeble impulses or disturbances, such 
a~ may be naod in cooveyiog signals or pro- 90 
ducing other deal red effects at vory ttreat dis· 
tances. Io tblsCRSo tbe energy stored io tho 
condenser is passed throogb tbe prlrnp,ry of A 
transformer the secondary circuit of wblch 
cont.~in~ t bo receiver, and in order to render 9S 
tho nppnratus siB I more suitable for use in 
dotoeting feeble im pulses in additlou to the· 
sensltivo device whicb is ncl ed upon by tho 
hnpolses lltiOtber such device Is included in 
tbesecondary circuit'of the transformer. 1'bo too 
schewe ot c;ouuections is in the main that or 
a Wheatstone bridge tbe four br11ocbes of 
which are fortned by tbe sensitive device a 
and resistAnces L, L', and L", al\ of which 
should be p referAbly indoetl?o ~nd also 1\d- •os 
jnstable In a continuous rnllnoer or At le.ut 
by very small steps. TbocondenserC', which 
is gen~•ally m11de or considerable capacity, 
is connoctod to two opposite points or tho 
IJrldge, while 1\ bat tery B, in sorles " ltb n 110 

con tin uously-adj nstable non-ind uoti vo roalst
ance r', Is connected to the other pai r of op
posite pointe, A.S usoal. The four resi&tllnces 
incluaed lo the branches of tbe bridge
namely, a, L, L', and L"- are of 8 saltnblo 115 
siu and eo proportioned tbat onder norm11l 
conditions-that is, ,..ben tbe device a is oot 
lnftuenced at nil or only slightly by tbe dis· 
tnrbances-tbere will be no diiYeren,ee or po: 
tentlnl or In any Cl\So the miniiDom of t.he SAme tao 
at tho tertnloals T and T' of tbe oondonaer 
It:isnssumed in tbe 'p.resentinstaoco tb~t the 
disturbancas t.o b,;-investigutedor utilized arQ 
such ns ..-ill prod oce·a di frerence or 11leotric ·po
tentilll, bo..-ovor small. between two polots or us 
regioua In tho natoral media-o.s tbo eartb, 
the wRter, or the air- and in order to 11pply 
this pdtentlal ditrerence effectively t.o the sen· 
sitive device a tbo terminals of the aamo are 
connected to two pll\t.esPand P ', wbicb sboulu 130 
oo of as 1nrge a surface as practicable 1\od so 
Jocnted in tho ntodil\ that the laq;est posslblo 
difference or potential will be prodnced by 
the dlstur\jl\ncos· between the t.orm in ala or 
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the sensitive device. This devic~ Ia "In the 
present case one of fam'iiiar constrnction, 
consisting of an insull\ting-tube, which isln
clic.ated by the he~<vy lines in the drawings and 

s which hl\8 its ends ·closcil tightly by two con
ducting-plugs with redncGd ext-ensions, upon 
which bear two brushes b b, through which 
the currents arc convcyell to the device. The 
tubular space bet"·eon the plugs is·partiRlly 

1ct filled 'with a conducting sensitive powder, liS 
indicated, tbe proper amount of the same 
and the size of ita grains being determined 
nod adjusted beforeh,.nd by experiment. 
'l'bi~ t ub'! 1 rotate by clockwork or other 

15 meo)ns a t a. uniform and suitable r11te of 
speed, and under thes(l conditions I tlu,d that 
this device behaves tO\TRrd disturbances of 
the kind before assumed In a manner simi· 
lilr to that of a stationary cell of celeoinm to-

10 ward rays of light. Its electrical res!~taoce 
is di min ished w_ben it Is acted upon by the 
disturbances and I~ autornaticRlly restored 
upon the ceAsation ot their influence. It Ia 
ot advantage to employ round grains of pow· 

•s der in t-he tube, nod in any event it is im
portant tbat they should be of as 11nifo•:m 
size and shape as possible and that provision 
Ahonld be made for 1DI\intaioingan unchang. 
ing a oil very dry atmosphere in·the tube. To 

30 the terminals 'I' and T' of the condenser C' is 
connected 11 coil p, usually cOClsU!ting of a 
few turns of n conductor of very small resist
ance, which is the primary of tho trnnsformer 
befor~ referred to, in series \V ith a dovico cl, 

35 which effects tho discharge of the condo:>ser 
through tho coil p at· predetermined Inter· 
vnls of tilDe. In the prosent case this device 
consists of n cylinder made partly of con· 
UUCting 1\nd pnrtly Of iDSiliRting material e 

40 and e', r~spectively, which Is rotated at the 
desired 1·nt<> of speed by nny suitable mea:ns. 
The conducting parte is in good electrical 
connection with shaft. Sand is provided with 
tapering segments, as f, npon which slides a 

•s brush k, which should preferably be capRbie 
of longitqdionl adjust1nent along the cyiin· 
der. Another brnah ll, which is connected 
to the condeoscr· terminal T', being Mranged 
to bear upou the shl\ft S, it will be seen thRt 

so whenever tbe brush k comes in contac~ with 
a conductiug-segnlontf the circuit includi ng 
Lh& primary p will be completed and the coo
denser, it ouorgized, disch arged through the 
same. Dy an adju'stment of tho speed or ro-

ss tatiou of the cylinder and' 11 displacement ot 
the l>rusl> k :.long tho ax i~ of the Sl\ me the clr
c uitmay bo runtlo to open and close in as rapid 
sueces.•iou nod remniu open or closed during 
such -intervals or tllne as 1nny b• desired. 

6o In inductive relation to the primary p is n 
secondary coils, usu!lllyof wuch thinner wire 
nn<l of mnuy moro \mus than the former, to 
which are connected in nseries a receiver R, 
(illustrated a3 an ordinary magnetic relay,) 

6s· a contiuuonaly-ndjustable non-inductive re
eiataoce r", a baUery'Il' of a properly det6r
mlned 11nd very constanteioctromoli\'e force, 

32* 

and lloally asensitlv& deVice a' ot the same 
or similar construction ns a, which is likewise 
1'0\.atod nt n uniform speed and which with Ita 70 
brushes b" li' cfoses tho secoll<lllry circuit. 
The electromotive forco of tho hnttery D' is 
80 graduated by me.~ns or tho ndj ustublo ro· 
sistance ,.·• that the dielectric lay&rs lo the 
sensitil·e device a' 11re stral·ned very nearly 75 
to the point of bre!\king llm<o an•l give way 
upon n alight Increase of tho elcctrjt,~l pres· 
sur& nu tl{o terminals ot the de,·ice. I t will 
of coarse be understood thRt tho reSistance 
r" is used ml\inly,bec11use of cogvenlence and So 
that it may be (lisponsed witb, in which case 
the 1\djustment mny be effected in ml\ny other 
ways, as by determining tho proper a mount 
or coarseness or tho son8il.ive po"·der or ·by 
\'arying tho tliManco apnrt of th& met..-.llic Ss 
pl ugsiu tho ends of th&tube. 'rhesame may 
be 81\id of the resistance r·, which is iu serjes 
with the batt&ry B aotl ser1·es to gradu11te tho 
force of the l11tter, so that tbo dielectric lay
ora or tha eensitiva devica a are subjected to 90 
a similar strain'nntlmaintnlned ln n st-ate of 
deliCAte poi•e. The Vl\rious instruments be
ing connected and adjusted in the manner do-

. scribed, it will now be rel\dily seen from tho 
foregoing that unde•· normal conditions, the 95 
device a being unaffected loy the distu rb· 
ances, or prncLicnlly so, nnd there being no 
or ooly a vary i nsignltiCnntamount.oC en&rgy· 
stored in tho condenser, the perio<lical clos.are 
of the pl'irnnry circui~ of the transformer toe! 
through. t ho opera lion or the device d will 
hnve no apprccil\bie eff~ct npon the prim~<ry 
coil p, and bene& no cnrrent.a will be geiler
ated in the second&ry e<>il s, nt IIW!t not such 
1\8 would <list-orb the state of delicate balanco 105 
existing io the secondary circuit including 
the receiver, and therefore the lat ter wijl not 
be actuated hy tho bl\ttery B' ; but when, 
owing to tho disturbances or impnlses propa
gated t hrough the media frow 1\ distant 110 

sou rce,an addil io,nal eiectromoti ve force, bow· 
ever stu all, is CJ-eatecl 'bet woen the terminals 
of tile device a the dielectric layers in the 
same, unable to support t he.iucreased strain, 
give way 11nd allow the current of the battery ns 
13 to pass through, thus causing a differel)ce 
of potenth\1 nt the terminals T and T' o r tho 
condenser. A au'fficient amoutlt of energy 
being no.w stored In this instnunent during 
tbo Limo interval botwoon each t1<0 succeed- 120 

in!! oporRtions of the device c!;cach closure 
of tho primary circuit by the latter resul ts in 
the pi\SSI\ge of 1\ .sudden cnrren~ impulse 
through the coil p, which induces 1\ corro
spondingcorrentof rell\ti veiy higli electromo- u; 
tl\·e force in the seconda•·y coils. Owing to 
this thedielect•·ic in the device a' gives way, 
and thecurrentor thebntt&ry 13' being 1\llowed 
t:o pas~ the receivN It is oper11ted, but only 
for a mome.nt, since by the rotation of the do- 130 
vices o., a.', Rnd d, which m;1.v be aU thiven 
from tho same slJilft, t.be oriifnal conditions 
are restored, assuming, of course; that the 
electromotive toroo&el up by thod istm·bi\nces 
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1\t tho tr.rmln~ls of tho senflilh·o device a is 
only momcnt"y or of n d11rniion not longer 
I han t.hc limo of ciG.,ure or the primary·cir
~ult.; otherwise tho reroi\·cr will be actnE>t.efl 

s n numher of tim~s nu<l so long ns the infin· 
ence of tho disturbances upon the device a 
cou t iHII("S. In orUC'I' 1 o r·ctulcr the d ischRrged 
energy of I he con<len<or mor•o effecti,·o in 
cnnslng the.opcrnllon of tile recci1·er,the ro-

, o Pista nco of 1 ho pri mnry circn it ~ltou ld be vcr·y 
Rmalland the se<·onclary~oil s shoula hn1·ea 
1111 m ber of turns many ti m~s l!re,~ t ur than:that 
uf the pritDar~· eoil1>- It will be noted thnt 
since the con<lenser under 1 be abo1•e assomp-

•s tlons iJl always chnr·getlln the Mme direction 
the strongest current impnlso in the second
tHY coil,: which iq ln<!ucetl nt tho ·moment 
'~b~n the brush 1~ comes in contact \Vith f!eg- . 
nu~•it.f, t ~ nl!So ot unclutngi.ng direction, and 

ao for the nllalnmcnt of tho best results it Is 
neeeASnry to connoct the secondary coil so 
thnt the electromotive !orco of this impulse 
will bo ll<l<led to thacof tho bntltry nnd will 
momentarily Rtrengthen the sAme. IIowover, 

•S under cet-tllin conditions; which arc wellun
.derst<x><l by thoso skilled in the nr·t., the do
vice• will operst o whichcw~r way tho !!Ccon<l· 
ury bo counccte<l. It. I• t>rl'ferahle t.o mnko 
thG inductive rc"iohtnccs Land r: relatively 

JO )urge, n• (.Jtcy nt·u in ll Shunt tO the de\' ice a 
nn•l might it made ioo ~matt 1m (lAir ita son
•itit·enc!!.•. On theolhcrhand,lhe~'<'Ristance 
r:• •houl<l not l>o too l;ltl:C and should ho re
latc<l to tho ;:upacily- of the condenser nml 

ss tbo number or makes ntotl bronk8 effect,cd by 
th.o device tl iu well-known ways. Simllt<r 
<'Onsldem 1 ioo'>t pply, of con r-se, tn the circuits 
iucluding Jhe pdmarypand S<'Condary s, re
spocti •·ely. 

.o~o I3y carefully obserdn~: woll-knowa rules of 
scientific design nnd adjustment of tho in
strumants thG Hppat·ntus may be mado ex
trotnely sensitin• anc] capable of responding 
to the !eebl~t inftuences, thns.making it pos-

45 sible to utilize unpulscsor d isturbnuces trans· 
mitted frum very great distances and too f~e
ble to be cl~tectetl or ·utilized in any of the 
ways heretofore known, nncl on thi~ account' 
tl!e method here described lends itseH to 

so many scienliflc arid practical us~s of great 
value. Obviously the character or tho do
vices n.ud the mnnoer in which they are con· 
ne1:tecl or rolatecl m11y bo gr~ntly varied ~Vith
ont doplltting f1·om t.hospirit of my inventian. 

~S What I claim as uew, nnd desire to secure 
by Lett.ers Paten~, is- . 

l. The method hereinbcr<>ro <lc~~rib~<l of 
utilizing effects or •listurbnn~eg transmitted 
through tho nat!lrnlmedia, which consists iu 

6o charging a storago do,·ice with en orgy .from 
an independent sou •ce, controllin~; tho cha•-g
ing of satd·dovice by thG 11ctiou of the e'frects· 
or disturbances, and coincidently using the 
etor&~l energy !or opernting P. receil•ing de-

6S vice. 
2. Tbo method horeinbefot-e describell of 

utilizing ol'Cccts or ilfstorbac~cs transmitted 

from n dlstautaource, which consists In chn.·g
ln(phe.storage device wilb electric11l enerily 
from nn ind~pendent soUrce, ~ontrolling the; . 
ch~~rging of snid do,· lee by tbenction of the ef
fect~ or disturbances, noel coincidently using 
tho s&oreil electrical energy for opal:at.ing the 
•·eceiving <.levi~e. 

3. · 'l'ho method hereinbefore· d~scribocl · of 7' 
utilizin~ effe~ts or dlstorbl\occs trnosmitted • 
thronph. the 1111tttral media, '•bich consists in 
controlling, by means of snch ell'ecls or dis
tnrbnnces, tho chargilig of an electrical etor
lll:O dovlce from nn ind0pendent source and ... 
clischRrging tho stored c!lere:y th t·ongh n rc
cei vin~r-circult. 

4. The method horeiubofore d..scril>e•l or 
utilizing olfecls or disturbances transmittocl 
throngh the nntur~l medin, which consists in 8s 
controlling, l>y menns of such effects or dis
turbances, the chargin~r of an electrical con
clensPr from nn independentsonrce, nnd·dls
chargiog tho Fl<>red energy throngh a receh·-
lng·clrcuit. 9c 

·5. The metbcd hcrolu~toro describe<! or 
utilizing effects or disturbances transmitted 
through I he tlaturnl medin, which consists in 
effecting n stornge during nny t.lesit-etl timo 
intorval11nd under con~rol of such ctroct.s or 9S 
distnrbllnec~, of onorgy derived from nu in
dependent son rec, and utilir_ing the potential 
enor:ry so obtained for oper·ntingn receiving 

. rle\·ice. 
6. The methotl herelnl>eforo d~scribe<l of '"' 

ut.ilizing ctrects.or disturbances tm.nsmitted 
throul!h the natural cnedia, \rhich consists in 
effecting n. etora~c. curing nay desired timo 
interval nn<l undor tho control of such dis
turlmnces or etrocts of electrical energy de: 105 
rived !rom nu indeoeodent source, nod util
Izing .the potentia( energ:y so obhtined for 
oporn.ting a receiving device. 

7. The method hereinbefore described of 
ulili•ing etrects or disturbances tr·ausroitted no 
throu::h ~he nl\taralmodia, which consists in 
elfcctiug a stotage ia a condouserduting a·ny 
desired time !oterval and undor tho control 
of su~h distorbanees or at!ects, of electricnl 
enprgy derived from an Independent source, ':, 
nnd utilizing the potential on orgy so obtsinod 
for oporatlag II receiving aeviee. 

8. 'fh~ .nethod hercinb<.>fore <lescr-ibod of 
utilizing cllecls or distudJnoces tr'!nsmitted 
through the nntupll media from a distant 120 

sou reo, '"hich constst.c; in storing, ®ring sue· 
ccc<liug . intArntls •of timo detorlnined by 
moans of such orrects or distu rbauces, cloc
trical en orgy. derived from no i.:1~p~ndent 
source, nnd utiliz.in;: the potential enorgy so 125 
accmnulated to opera ton receiving tlevico. 

9. Tho methNl1\0roiubofore descr-ibed of 
utilizing errect..• or disturbaucos transmitted 
through the natural mcdi11 !rom n distant 
aource, which cousists in storing in a coo- ' S"' 
denser during succeeding intervals of time 
determined by me.~ns of snch effoets or dis
t n rbsnces, electrical onorgy derived from an 
idonondont oource, nnd utilizing tho potoa-



685.954 

P-309 

7 

• 
tla.! onergy so 'nr.cnronlnte~ to O[lllrate n rc· 
ceiving device. 

10. 'l'be mothocl h<weinl>efore llescril>c<l of 
utilizing etrccts or <listnrbBncos trnnsmilte<l 
through the nnturnl modin f•·om n <listnnt 
souree, which ·cou~ists in storing, <luringsu~
ceeding iotervalsoftimedctermined by menns 
of such offccts or distnrl>l\nces, eloctricnl on
ergy deri,·ed from '"' ind~pondent S<iurct>, 
nod llSiog, fo•· pcr·iocls of time prodotormioed 
r.s to succe..-sion and d_uration, tho accnmu
la~d energy so obtninc<l to opernte a receiv
in;t de\· ice. 

11. The u1ethod ller·eiol>cforo described of 
otllizing effects or clisturbnuccs tri\Osmitted 
through the D!lturnl meclln fr·om 11 distao; 
soprco, which consists in storing in n con
clenser during Ruccceding intorvnls Of time 
determined- by menns of P.uch effects or <lis· 
torbnoces, electriclll en orgy derived ·froru nn 
Independent eourcl•, and \!Sin~. for periods of 
time predeterminod ns to succe~ion and do· 
ration, the accn m ulnted energ-y so Clbtained to 
oper11te a receh·ing de\•ice. 

12. The method hereinbefore clascribed of 
ntllizlog electl'icnl effects or disturbances 
t rnosmitted tbt·ough tho natural media from 
n .distnut source, which consista In effecting 
by means ol such disturbances or elf.,cts a 
Dtorage In 11 storage ile,·ice of electrical eo· 
ergy deriYed from an independent source for 
pt!rlods of time corresponding in succession 
nnd duration to such distnrbaoces or effects, 
nncl discharging the olcctrical energy so nc
cumolated IntO' or thro.ugh a roceiving device 
at predetermined intervals of time. . 

IS. 'The method hereinbefore described of 
utilir.lag "cloctrical- effects or distnrbanoes 
transmitted from n dist.ant source, which con
sista in. effecting by means of .such disturb· 
nnces or eft'ects a storage in a condenser of 
electrical energy derivt'd f•-om an iodopend

·Gat source for perio<ls of thne corroeponding 
in snccessiori · and duration to such disturb· 
nnces or effects, and discbnrging the elec
trical eoMgy so accumulated into or through 
a receiving device at predetermined intervals 
of time. 

14. Tho method hereinbeforo described of 
utilizing elect.ricll-l effects or di$tut·bal}Ces 
t-ransmitted from a distant source, wl!icb con
.~ists in protlncing, by means of such effects 
or disturbances, variations of re3is~l\nce inn 
cil'cuit including nn jodependent olectl'ical 
sonrce aud n device nclapted to bo charged 
with electricRI energy therefrom, thereby 
catisiug tho storage<lovico to be cbnrgccl with 
onergy !rom such indepon<lont source, nod 
using the potential electrical energy so nccu: 
mnl~tcd to ·operate a receiving clevice. 

15. The method l.te•·oinbofom described o! 
.:lilizina eff~ot!J or oi~tnrb:mces transmitted 

Utooagh the nntur11l media from n disL11n~ 
sou••oe, which oonslsta in prod ncing, by means 
or such el1eot11 or dl.sturullnces, \'Miations of 65 
rosistn nco in n circuit inchtcl in~: nn indepcucl
eot electrical aourco nnd ncondenser, thereby 
causing tho cou<lonser to be chnrged with en
ergy from the independent Rource, nnd usin~ 
t.hepoten:ial oloctri cnlcnerg-y sonccumulated 70 
to oper·ate n receiving devicu. 

16 . . The method hereinbefore clescribecl ot 
otilt~log effects or disturbances transmitted 
through t11e nntuml media from a distant 
source, which consists fn causing, by menus 7S 
ot such etl'eots or disturbnnces, electrical en
ergy from 110 independent son reo to bo stored 
in a storage dev..ice, using tho electl'iCIIl en· 
ergy so accumulated to opernto a transformer 
11nd employing fhe secondary correnta from So 
such tr11nsfo.rmer to operate a receiving <le· 
YICtl. 

17. 'l·ne metboC. herolu !Jeforo doscribecl of 
utilizing eflecta or disturbances tr11nsmitted 
throqglr the .!i'lltur~l media fr·om a distant Ss 
source, which consi~ts in causing-, by means 
of sucb effects or dist ur!J~nces, eloctricl\1 eo· 
orgy from au ittdepeodon~ snurce to be stored 
in a condenser, ming tho etectrical energy so 
accumulated to opernte n transformer and 90 
employing the secondary cnrren ts from. such 
transformer to operate a recoiviug device. 

18. Tbo method hereiobe(o:e ilescribe<l of 
utilizing effecta or disturbances trausmittcd 
throllgh the nntural media from a dist.nnt 95 
source, which consists iu causing, by menns 
of ouch disturb.aticas, \'arintioosof reRistnace 
in n circuit incl nding nu independent source 
of electricity and a storage device and thereby 
causing the stor11ge device to be chargod from 100 
such iodepeodentsource, diecharging the en
ergy so nccnmnlated io tbe ·stornge device 
through the primary of a transformer nt pte· 
detcre~lned il\tervals of time, and operatiryg 
a teceiver by the. curreota so developed to 105 

tbs secondary of the transformer. 
19. The method hereinbefore described of 

utilizing eflecta or disturbances transmitted 
thror.gb the . natural meQ.in from a distnut 
30urce, wbjch consists in causing, by means, 110 
of such distu rbaoces, variations orreslst.noco 
inn circuit including an indepon<lout source 
of electricity nod n condenser nud tboroby 
e~~asiog the con<leoser to be charged ft•om 
such Independent sonrco, dischar~!ng tho en- u; 
orgy soaccum alated in theconcleo~~· t!lrongh 
the primnry of n tmnsformor nt prcdeter
mioed intorvnls of tirue nnd operating n ro· 
coi¥er by tbo currenta so developed in tho 
seconclary of the trMsformer. 

NIKOLA TESLA .. 
W i tn es.~es : 

F. r.ow&NsTEIN, 
g . A. Stl NO~sr..n: 
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To all wkom it may conce~n: I terminals of 1\ ~oncrator and to enor~:i?.e by II 
13e it known Lbnti, NIKQLA TESL'A, ntitir.en part of tho currAnttllffusod throngh tho CMth 

ot the Ul!.i,ted States, residing at the borough n di~taot circuit, "hich is similtldy 1\l'rnuge(l 
or Mnnhatf.l\u, in the cit;, cQunty, aod State and ~:rounded nt two points widely npartnod 

s of Now York, hnve iuvoote<rcertaio newRnd which is mado to act upon a sensith·o re· s!' 
useful Impron,ments in Apparatus for Utii· ceiver. These ,·nriou~ ruetllotls howe thei r 
iziog Effects Trn.nsmitted from a Distauceto limif.l\tions, oo~, especially, which is common 
"Receiving DeviceTbt·ough t.hoNaturaiMo· to all, being thnt the receiving circuit or in· 
dia, of which the following is a specification, strumeut mu~t be maintained in II defini te po· 

•o rcferenc~ bciu~: had to the accompanying aitlon with respect to the tt·l\usmit tingnppa· 6o 
dra,~logs, which foro1 a .pnt·t of tho same. n\Lus, which often imposes grent d isatl vnn· 

·rhis application i~ n division of an nppli - tn:.:os nr.on the use of the Rpparatus. 
cation filed by me Juno U, 189\l, Serial No. In severn! applications filed by meant! pa t· 
721,790, in .ybich a method of utilizing effects cots l!''"llted to mo I h:wo disclo~e<l othor 

•s Ol' distorbnnces transmitted through t.he oat- tuetho;ls of accomplishing re.<ul•s of this na · 65 
ural media from 1\dlatant source Is described turl', which onny be llrieny rlesco-ibed RS fol· 
nod mlido thosublecto! •he claims. Thein· lows: In one system th~ poleotial of a poi n t 
Ycotion o r my prosent application consists in or re~i'lu of t he enrth is vnried by impartio~ 
tho nppllratus hereinafter described and to it iotor~oittent or alteroatjng clectrifica· 

•o claimed, by the use of which the method tions through one of tho term inals of a sn\1· 10 
claimed in my aal•l p•·ior application may be ~>ble source of electt·ical distur\)ances, wh ich 
p racticed and by l"lenns or which resnjt.s hith· to heighten the effect has il·s othc•· terml usl 
erto nnnt tninl\blo may be secured. . connected to au insulnted body, preferably 

Sevoral wa:rs or methods of transmitting of lnrgo surf11co and at an ele,•ation. T he 
•S clcctricl\1 distnrhaoces through the oi\Lural electrification~ communicatud to tbe earth 75 

medin o<Dd utilizing them to operate disf.l\nt spread in all directions through the same, 
rl.'ceivers aro now known and have been ap· •·eacbing a distant circnit., which g~oerally 
plied with more or less snccess for nccom· has its terminals nrrl\oged and con nected 
plishing n vari~ty of useful results. Oao of simihu·ly to those of the transUlittiog source, 

;o these ways consists in producing by" suit· and operatesupouabigbly·sensitivor'lcoiver. So 
able apparAtus rays or radiatious-tlil\lls,d is· Another met!lod is \)nsod upon the fnct that 
turbsnces-wbich are propar:ated iu straight the atmospheric air, which behaves as a n ex· 
lines through space, directing them u pon a eelleut iusull•tor tocurrootagonorat.od by or· 
recoivingorrecordingapPf\ratusMndistance, dina.ry apparatus, becomes n couductor un · 

3$ and thereby bringing the ,latter into action. der the ioflnence of currents of impulses of 85 
Tbis metb.od. is the oldest and best known, enormously bigh electrorooti~e force "'hich I 
1\Dd has been·hrouglltpartlcularly int·> prorui· have devised means for goneratln_;:. By such 
ncoce in rece11t yel\rs tb rough i he in ,·estigl\· moans &I r strllt.a, w hieb are easily accessi biP, 
!Ions of Heinrich Hertz. Auothor mothod are renilered'availablo for the produet io11 of 

~o eonsists in passi:og n current through a clr· many desired effects at distances, howover 90. 
colt, preferably one inclosing a ver}~ large great. This root hod, furthermore, allows ad
ar~a, inducing t.lJaroby ln a similar cio-cnit, vantl\gO to bo taken of many of those improve; 
sitoa(cd nt" distance, another cummt and mont:! wh ich are pr.:cti,'3blo iii tho ordinary 
affecting by. tho snme io any convenient wny systems of transmission involving tho use of 

45 u receiving device. Still another way, which a metallic conductor. 9S 
- has also been k oowo tor many years, is to pass Obviously whatevc•· meth~d he umployod · 

in any suit.Kblo mnnocr 11 current throngb a it is tlesirablo thllt tbe tlistur\)aoces produced 
portion of tho ground, 8.:1 by connectiJg to by thc transmitting apparatus should be as 

' two points of tho a~ me, prefera\)ly at a coo· po\Vorful as possible, 11nd by tho uso or cor· 
co sidcrablo distance f roDl ench othor, tbe two, tl\iu formsofhigh·frcquoncyl\pparntusw1lich Joo 
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IIHI\·o dcYised and which • · snow well known 
i ooportnnt prncticnl advantngcs nrc i n tbis 
respect secured. Fnrt.hermor~, since in mosL 
cases I be amount of energy com·eyod to the 

5 distant eire~,; it is lmt n minute frnctiou of tho 
totnl cuer-~y emaonting from the source, it is 
nccossn.·y for the RHninmcnt of !he bcsl re• 
snits that whato,·er tho charActer of Lhe re· 
coh·cr and tho n:ttnre or the disturbances ns 

ro mncla a.s possible of tho P.ner·gy con,·cyed 
shonl<ibo mauo a\·ailnble for the operation or 
lite r€"t:eiver, nnd \\'ith this object. in ' ' iew I 
hnvo hcrotofe~rc, a.mon;; other me.'\ns, em· 
ploycd n rec<·iving·circuitof higb self· iouuc · 

t S tiou nnd ,·erv ~10all rcsi~t.anr(· and t:f a pc· 
r i(){.l such ns lo ,·ibrnto in syn~"hrouism with 
tho d istu riJunee.fi, w hcreiJy n n u m bor of scpa· 
rate tmpu1scs f1·om tho svn1'CO were mado to 
c<•opc rato, thus magnirying tbo efTectexcr!Oll 

20 upon t\nd in~uriog t.bc H.Ctiou of tho rccci\·iug 
•levko. By these mennsdocided ndvaola.r:os 
h1wo Oeea secured in mttny instnuce.s; but 
\'Cry often tbe improvement is either notnp· 
plicnblo nt nil or ir so tbe gaio is ' 'ery slight. 

25 Evidently wh en the soo rce is ooo prpducing 
n continuous pressure or doJh·oring Impulses 
of Jong duration it. is ilnprttclic~tblc to mag· 
nify th e elTecLS in this mauoer, Rnd wheu, 
on t.ho other hanU, it is ooe furnishing short 

so impulses of exr.reroe rapidit.y of succes.,ioo 
tho nd,·nn t-1\go obraioe<.l i n ·tbis 'rAy i~ insig· 
uilic.nnl. O\dng to the rA.dh\lion And the uu
nvuidnl>lo frictionnl \t"A:ifo i n t he 'rrceivio~
circu it. These loss•• reduce~;rPatly both the 

JS inten!f.il}' and tbo nurulJ('r of lho coOper·lltivr. 
in1piilse~. ,uHI ~:~ioco tho initial iutonsity of 
c\ich of these i• oecessnrily limited only no 
iusiguificant amount. of ennrgy is thus mRUe 
n,·aihthlc for 1\ $ing1e opernr.iou or lhe re-

~o coivor. As this nroonnt i~ cons~qutoutly de· 
pcudcut. on tho energy con\·eyed lo the re
ceiver by ono t>inglo iUipnlsc.'t iL is cdt.!ently 
necessary LO employ eitbCJ' n very lnr,Z{' And 
costly, nnd tl:l\ref<WO ohjectionablo 1 rnns· 

4S mitter, or else t ·~.sorttothct:tquallyohjc.ctiou
"\)\o \ISO or A •·cceiv iug OO\·ico IOO delicate 
n od too c.n.sily der:lnc;cd. Furthermore-, the 
energy obtninc<llhrough tho coo)>e•·ntion o r 
I he impulses is ill the fo1·111 of a< Lremely-rapid 

so vibrations nnd hccauso of th is unsnitAblo 
for tho opemtion of ordin~~ry reecil·•·"• LhG 
rooro s.o as this form or cncr~y impos<'s IU\1'· 
row restrictious in rrgard to tiJc mode nnd 
t iGlo of its nppli c;tLion to such do\·icf.'.s. To 

55 o"crcomo t-hese nntl otllor limilntious nncl dis· 
rulvnuc.n.ges wlai<:h have hcretororo e:<i~led in 
such t~ystcm~ o( t.rnn~m i~siou of aic:n::a. l~ or'i II · 

t.ell i;,:enco is the oUjoct. of my in ,·ontion. \t hich 
co.mprises R no\·el forru or nppn r11.1ns fnr ac-

6o complishing thcso rcsniLS. 
Tho Hppn rn.tu s which i~ 1:1uploycll :u l·ho ro· 

coiviog-SU\tion, <l<'scril>eU in ;;encrnl t.crms 
coo~:~ist!f iu thC' combination of a st.orngo cJC':. 
vice in el uded iu n rirruit.COOII('Cting 1)oint.s nt 

Gs adisL~ncofrom thesourcoor the disturbAnces 
nnd bet\rccn which a diffe-rence or lX>lentinl 
~~~ Cl'~ntcd hy ~ uch tli"tnrl>n.n~cs. "r~coi ,·i ng-

ci rcui~ connected wHh tho storage device, 11 
recoi\·or included io Ruch rcceiving-c trcu it., 
Rnd. means for closing the rccei\•ing-ci rcn il 70 

nt. any Uesired moment.. and. thc1·eby cnusio~ 
the receiver to \)e operated by I he energy ><ith 
which tho stora.r:o device hM l>oen char~;ed. 

T!Je best form of apparatus for can·yinl! 
out my iu,rention o( which 1 nm no'v aware 7:
nnd the mRnnerof usin~ the~amc will be un
dorstoocl {rOill the following uescription An<l 
tho nccompRnying dra";ings, in \f llicli-

Fignrc 1 isn dil\gramrunt.ic ill ust.ralion or 
such app;u:'\tns, and Fi~. Z A modif1EJ-tl f<>frn S 
or 1\rrnug-emcut of ~he same. 

At any two poiuts in the t r11.nsmilting ma· 
dinm bet.we~u which tlJero exist~ 0 1· may bo 
oUtainetl in nny mnnncr through tho nr.tion 
of tho distnr\)ance., or ctrects to IJo iuvcsl i· Ss 
gated or utilized 1\ difference or elecLrical PO· 
lt.utinl of any mngnit.udo I arran go two p!nLcH 
or electrodes so tbat th~y may be oppositely 
ehar;::cu through t\1() agoncy of such cfTec'-'1 
or distnri>Anc•s, nod I connect these elec- •1o 
trodes to the term innis of 11 h ighly-insulatc<l 
eondenscr,~;cnernlly of eons idernl>le capacity. 
To th e condenser-terroioals I also connect tho 
rcceh·ar to Uo opor·ntcd in series with a clo· 
vico or suiiR\)Ie construction which performs 9: 
t.he function of pcr·iod ic:\lly d ischar:{iog tho 
condenser throa,::h tho rccei\'ernt anU during 
•ucb inter~·als or tilllens may 1>o best suilahlo 
for !he purpose conternpl11tcd. This dcvko 
m11.y mer<:ly consist or t\VO Rtalionn,·y clcc- 100 

t rades sepnrnled by n reol>lo diolcctr ;., \aye•· 
of m i nutQ rhickne.ss, or i t moly compriso tcr
minRls one or more of which nro JnO\'ablo anU 
actuated Ly aoy suila\)lo forco nnd fiN ad npt-
e<l to Uo brought in to and out of contuct wi Lh ros 
cnch other in nnyconvenieo t manner. · It will 
now Lo rendily seen ~hat if the distu1·l>nnces, or 
whalo,·cr nature they may \)e, cause d~tlnito 
nmounts or clcctricit·Y of the fh\tne .sign to he 
couvcyod LO cnch of tho pl:llos or electrodes ,.,, 
nl,)ove tncutioned eit her cont.iouo1u;;ly or nt 
inlervals of lime which Are sufficiently ,long
thecondensPrwill bechMgod ton certain po· 
teutial nnd nn adequato amount ot energy 
bci ng th us stored u uri ng the ti mo de1c1·m i ned us 
\)y the device crreetl n~; lho tli,.,hnrge of tho 
condenser tho rec•ivor will bo poriodicall.y 
opernted l>.v the electrical cno•·gy •o nccnmn· 
In ted; but ,·ory often tho chnraeter of 'the 
impulses nnU tho conditions or their nso nro r: o 
such thnL withont further Jl1'0 \'isiou uot 
enough polent.il\1 cnE:'rgy \\'oulcl Uo ncclllnn. 
latcd in the eondonser to opemlo the receh·· 
inc; device. This i~ thu cn~o whcn 1 for cx
nmpiC\, each of the:' phut-s or terminals 1·e- ':s 
('Ci\'C.•!\ ~lectrieity O( rapi<Jiy·chan~ing sig-n Or 
GVPn when each r('C!li\'es elcct.rit"it.y c,f tho 
SAIIIO si~n, lmt. only durinJ.: pt•riods \vhic.h :uo 
shol't a~ cmn pn1·cd wilh t he in ton·:\ls sopn· 
rnt in~ liiPm. In such iO:\Iancc~ I rc.C\ort c.o t JO 
the uSo or a special do\'ico whld1 I insert iu 
the circuit hct.wc<'n Ut6 pl:\tts and the con 
denser Cor tho purpose of con,·oyiu:: to eACh 
()( I h c term inn I~ of l·he Ia f t (' ,. <': lt·~t 1·ic:d C"h n r~o! 
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ot tbe proper quanty nod order or 5\lCces- durin& SUCh IDlOr\'<\IS of limo 115 oony be de· 
elon to uoo.ble the required IID>OIInt of poten- sirod. Tbr plates P and P ' through which 1ho 
tlal eoorgy to lle stored in the condenser. clecto 'ftcatioos nre coovcyed to the brusbe~ 1o 

There are a numb.eror well·koown devices, a and a' may be nl a' considerable dlst.anco 
. :s either without nny moving pMI-'orloo·mln:.ls from encb other and both in tho ground or 

or with elomentB reciprocl\led or rotated by both lo the nlr or Me iu tho ground nod tho 
tbe applie&Llon of asuit11ble force, 1\'hic!J otter otbor iu the 11ir, preferably nt ~owo height, 
a more ready passAge to I on poises of one sign or they may J>., connected to c~uductora ex- 75 
or direcUoo than to those of tho otber or per- tend log to some dist.~nce or to tho termiunls 

'co mit only impulses of ooo kind or order of sue- or 11ny kiod or appAratus supplying oloctrical 
cession to trA\'CrsB a pAth, 11nd nny of these on6rcy wbicb is ollt.:lincd freon tho euorsy of 
or eimilnr devices cap11ble or fulfilling thor<.· the impulses or disLurbnnccs trnn,miLtod 
qalreme.ua wny be used in CArrying my iu- from A distance tlu-.>ugh the naturAl llledla. So 
vootloo ioto practice. One such device of Io Illustration or the operation of the de-

·•s famllinr construction which "ill serve to con- viees described let it llo as.~umed tbat nltor
vey a cleAr understanding or 1 bi$ pnrt of my DilLing electrical impulses fro on a db taut gen
lovontion and eoable a person slcillcd in the 91'1\tor, ns G, nro tr:.usmitted through tbe 
11rt to 11pply tbe some Is Illustrated in Lbo earth nod that it Is desi1·ed to utili~o these Ss 
annoxed drawings. It consists of a cylioder ion pulses lu accordance with my method. 

•o A, or losulatiog materinl, which is moved nt 1'bis mny bo U1e eusa, Cor example, "hen 
11 aniforw rl\teof speed by clockwork or other such n ~;eoerator is used for Jllorposes or si"· 
ault.Ablo motive power nnd is provided with oallug In one of the ways before onnmornted, 
t,..o mota! rlogs ll B', upoo which bel\r brushes 49 lly hnvlug it.s t.crmin:\ls cooncc1e<l nt two ?O 
a and a ' , which aro conoeclcd, res[l('ctively, poil11s ot th& enrth niot.~nt from ench uthcr. 

~s In tho manner ~bo«-n to the tcrmicnl plate.s In this case tho platGs PAn<\ I'' nrc llrstcon
p 11nd P ' , nbove rerorretllo. From the rings nected to two properly - selcclcd points or 
ll ll''oxtcod narrO\V IOet~llie SC ~IDelllS S nnd the enrth, tbe speed Of rotation Of the ~)'l· 
s', which by tho rotation of tho cylinder A iudor A Is mt·icd until it Is m~tle to turu in 95 
RrO llrough tal teroately i at o con tact wi tb don'- synch ron is on '"i 1 h tho R 1 te. rn:\1~ i m pu l~cs or 

;3o blo brushes bAnd !-', cnrricd by amllu con- 1hogonori\IOI',anu, finally, tlon positiou ul tlot> 
tact witb condnctiog-holders II nntl h', which brushes b nnd b is ndjustcd lly angulnr <lis· 
lire ndjust.:lblelongirudinnlly In the met.llllic lplacooneoot,as usnnl,or io other wnys, go !hilt 
aopporls I> And D ', ns shown. Tbo latter nro thoy no·c In cont.:lrt with Uoe acgoMoots sands' 1oc 
connected to tho term innis 'l' nnd 'I" or a coo- during I lou periods when tho ionpnl'c• nro 

35 denser C, nntl it should llo looderstood tlollt nt or ucar tho maximmn or their intensity. 
they 11re Cllpallle or angul.tr dlspl,.cement as Only ordioary electrical skill and J.:cowl
ordlonry brush-supports. The objector usiog edge nro required t~ make these ndjustmcnls, 
lWObrusheS,liSb.andb',inc:IChortuehoJders 1\Ud II nUJDber of de\'iCeS rorelfecting S)'D· 10j 
lJ IIDd It' is to \'llrY at willtbe durntion of tho chrouous mO\'Oment being \tell known aud i~ 

40 electric con tact or the plat"e~ P and P' with the bein~t tho chief object of my prc~ont nppllc:.
termlnllls 'I' a11d 'lv, to which is connected tion to set ronh "no\'el apparatus embodyi ng 
11 receiving-circuit, including a receiver R 11 j:!encral principle" det.ailetl description of 
autln dorlcQ d of the. kind 11bovo referred to, such devices Is not considered necessary. I : 10 

· whlcb pctforms !he duty or · closing the re· mny st11te, bo\\·ever, tbM for praetiCiol pur-
45 ceivlng-circuit nt predetermined interval~ or posM in tbo present cnse it Is only necessary 

time nod di~chnrging the stored eneo·gr to shift tho brush~s back nod forth uutllthe 
through tbe recei,·cr. Jo the present case maximum effect is secured. The abo\'& ro- . 
Lbl~ device coosists or a cylinder made pnrUy quircm~nts being rulfillod, ei~>Ctrlcal charges • •S 
of cooductingnud pnrtly of insui:1Ung mate- of tho same sign 1vill be convoyed It> onch or 

~o rll•l ' P.otl ~·.respectively, whicb is rotated the condeosBr-tormiuals ,._. 1he cylinder A is 
IlL the ric~ ired m1c of ~p()Od by 11ny ~nit~<ble rotated, Bntl with ~ach fresh imr,uiso tho c~n
mc~oos. I'he conducL1n:: pno·t e 1• 10 good denser will llo charged to :1 big 1er potontiRl. 
electriCIII conoeetion wilb the shalt S nod is Tho speed of rotation of the cylioderd lloiug 120 
provided with tapering segments f f, urou ntljustablo Ill will, the energy of nny number 

ss ~tblch aiiJo• a bruoh 1.-, supported on" coo- or sopnrnte l01pulses may thus be ncoumn-
d net i ug·rod I, capn hie of I ong it ud I nnl Rdj usl· In ted in pot eo 1 \11l form and d iscba r~:etl through 
ment tn a metallic support >n. Aoother Lbe re~h·or It upon tho brush k coon loll' in 
IJruab n is ananged tollNtr upon Lhesha(tS, conlllct with oocot the scgmcotBf. Jt will us 
Rod It wilt bo seen th.tt wbeno,·er one oC.tho l llo or course understood that t be c11p11city of 

6o a~gonents .fcon•c~ in con111ct "ilh the bru:S!' tho co~doosershoold bi> such as to.nllow tho 
k Uoc circuit including the recci\'or K is com- st~ring of 11 much grMicr Amount or eoergy 
plcted omrl thocoodenoordi$Chllrgod througb lhAo Is re<tn ired Cor ths ordinary <>perMiun 
the snmc. By an ndjnsuncoot or 1ho speed or the rocell·cr. Since by thi$1DOthotl n roln- 'J" 
or roll\! ion or the cylinder cl And n llisrlnce· ti,·cly gret.t11mount of eaersy r.ud in 11 suit-

os 1ncnt or the brush k nlong Lho cylinder I he ablo form roay llo mnde n>'ailablo for tbo op
circnit may be matlo to opoo nod cloa~ io as oration or a receiver, the lntter uoed not llo 
rnpld euccession nod romnin open or closed vory aonsltlvo bnt of course wheo tho !Ju-



11\llscs !l.t.ti \·ery feeble, as when coming fro to a 
gre.\tdistRnce Or when it is desired t.o opemto 
11 receiver , ·cry rapidly, then noy of the well· 
knll\tn devices capable or rospondlng to very 

s feeble lnllnonces mny be n~ed Ill this conoec· 
tlon. . 

It Instead of the alteroaUng Impulses short 
Impulses of the samo direction are conv~yed 
to the pl11tes 1' aud P', the .appnratus de-

•o scribed may still readily be used, nod Cor 
t his purpose it is merely necessnry to shift 
the b rushell b and I/ iot.o the position indi· 
cated by tho dotted lines, while malnlollioiu~: 
the same conditions in regard to synchronism 

15 &a before, so that the succeeding Impulses 
· will be permitted to pa.'l., Into the cooucnser, 

but prevented from retu rni ng to the ground . 
or tran~mltling mcaium dul'ing the inten·als 
between thorn, o11·iug to the lotcmoptloo dur· . 

2 0 lng such lnter\·als of the connoctions lc11ding 
from tho condenser-term loRis to t he plates. 

.Another way of uslug the &l•pllrlltus with 
Impulses of th& snme direction Is to tnko orr 
one pnlr of brushes, ns b, disconnect the plat~ 

' S P from brush a and jolu It directly to the 
tcrmlntll T of t he condenser, ancl t.o con nee' 
brush a with brush a'. Wben tbusmodificcl, 
tbe npp11ratus nppears M sho11·n in fig. 2. 
Operated in this tnl\nner and IISSIIIning tho 

30 ~poed ot rotRtlon of cylinclci A to be the sa1:1C, 
·the nppRrntus will u_qw bo ovldently ndRpted 
for 11 number o f imjhllscs per unit of time 
t\Vice liS grcnt ns in th~ preccdiug cnse • . In 
&II cnses It is evidently hnporhlnt to adjust 

35 tho durntlou o! contact of 5Cgmeots a nod a' 
with brushes b b' in tho manner lndicnted. 

When the nppnratus I hn\·o describC>u Is 
used In connectiou with tho tr11usouissioo or 
aigo~ls or intelli&encc, it will .oC course b~ 

40 understood. that the transmitter is operated 
In such n wny as t.o prod nco disturbances or 
olftcts which nro \·1\ried or lotormittcd in 
some nrbitr11ry manner-for example, t.o pro· 
duco longer nud shorter successions of im· 

45 pulses, corresponding to t he dnsbes and dots 
of the Morsa nlpbabet-and tho recel\"ing de
vice will respond to and lndicllto these varia· 
lions or ir.Lormitteuccs, since tho atorn:;o de· 
vice will bochargcd and discbRrged 11 uumbor 

so o r Uruos corresponding t.o tho duration of tho 
sncccssions of impulses receh·ed. 

Ob,·iously tho speci11l appi!Rnces used i n 
cnrrylng out my io,•ention mny be varied in 
mnny way.s \rithoutdopnrtlug froru the ~irit 

55 of tho ssyoo. · 
· H Is to bo obscn·e!l 4hntl t Is tho function 

, of tb~oi:yllndcr A, with its brusho~ 11nd cou· 
ueotions, to ren<lcr tho oloctrlcnl Impulses 
coming from tho pl11tos P and P' suitable for 

6o cbar~;in:; tho condenser (nssnontn;; them to be 
nuauttablo Cor this pnrposo in tho form in 
wblch thoy nro received) by recUCying them 
when tbev nrc originally alt4rnntlng iu di· 
recti on or by seleetiog such p11rts ot tbom a.q 

Gs nro gultAblo \rhcu 1111 nre not, aod 11oy other 
devlco performing this fnncUon will obvloU&Iy 
o nawor thQ pnrpost' • . It Is nlso ovlclpnt tltnt 
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n <!.ovico sucb as I have already 1'8Cerred to 
which oilers a more t-elldy paSSIIge t.o Impulse.~ 
of one sign or roerroits only hupulscs of tho 70 
SAme aig!l to pass !DRY also be used lo perCnrnt 
this selective function iu runny CII!OS when 
nlternatlng Impulses nre rccei\·od. • W h<.o tho 

·hn[>nlses nre long nnd nil of tbe MIUO diNe· 
tion, ancl 8\'811 whon they nro alternl\llng bot 7 s 
sufficiently lnng in .durntioo nntl snstalne<l in 
electromotive force, the brushes b nnu b' mny 
be ndj osted so ns to bear on the parts ll B' of 
the cylinder A, or thecyliuder 11ud II$ brushes 
mny be omlttf'd ancl the tcrrulunls of ~he con- So 
denser c:onnccte<l clircctly to the plntes 1' 
aud 1''. . 

It will IJo seen thnt by Lbo use o f my lu\·eu· 
t ion results hithertn nonttainnble In u tilizing 
rlisturbRtt<:es ot· ·etrccts t.ransmittod tht•ough Ss 
·nnlnt•nl mcclin mR)' be readily nttnlnecl, since 
howc\·cr grcnt tbc.clistance of such trnnsmls· 
sion and howo•·cdccbleor nttenuntcd tbe hh· 
pulses rccci,·ed enough energy may IJe nccn· 
mulntod froon them ~·storing up the energy 90 
of succcediug impulses for 11 gufficlent Inter· 
val of tlmo t4 render tho suuuen IIIJeraUon· 
of it highly ctrccti,·o in operntiog n receiver. 
lu this 1r11y ,.eeei,·ers of n v11rlety of forms 
mny be m11de t.o responu c/TecUvely t.o ltll· 9S 
pulses too feeble to bo detect ell or to be rondo 
to prouu09 nuy sensible effect In nny other 
\tl\)' of wh ich I nou n\Vare-a o·csu lt ot ~,trent 
ntlue iu scien tific research ns 1rellns In \·nri- . 
ous npplicntlons t.o jlrllctkal ust'. 1oo 

Whnt I clnim ns my invention, lllltl tlc~irc 
t.o secure by Letters Patent; is-

1. I n an 11ppart\tus for utilbin:; clecLric.~l 
effects or clisturbnuces trau~onittecl throu:;h 
the lll\tornl media, the combination with a 105 

source of ~ucb effect~ or d isturbances of a 
cltargia:;·circuit ndnpteol t.o be energl~ecl by 
tho actiou of such effects or tlist\Jrbanccs, a 
stora;;e de,·lce included in the chnr:;i ug·clr· 
cuit nnd ndnpted to be chnrg~u tbet·eny,n ro· 110 

cei ver, Rnd means for causing tho recci vor t.o 
beoperntou by the energ-y :)Ccuouulntcd In the 
storage device tit arbitrary inlert·nls Of Limo, 
scbstRDiilllly :u descri.bed . · 

Z. In nn nppnrntcs for utiliziu:; oloclrlc.~l liS 
effects or dinurb&occs trausruiLted t brou:;b 
tho n11tural mcdin, the COIUbinatiou "ith " 
sour~o of such· effects or cllsturbauces of n 
char~tingrcireuiL adapt'!d to be ouergltecl by 
tho nctiou ot such effect.~ or clls tur".lnnces, 11 1:o 
storage dovtco Included in tho cha rglog·~lr· 
cult nncl ncl11pted to be charged thereby, 
mel\us for cowm utMing, directing or selec t· 
ing tho curront impulses io tho cbArglng·ci r
cult, R recel viog·circuit, nod means for •lis· ••s 
chnrgin:: tho st4rage device through the ro
celvinq·clrcnit, substantially ns described. 

3. In no apparntus for utilidog electrical 
e ffeclll or distnrbaocos transmitted throu;;h 
tho nRturAI modia, tho combination "ith n 130 

source ot such effects or di~tu rbnncos of n 
cbar~:lng·cirauit 1\dnptou to be energized by 
th& nctlon of such etrocts or disturbances, 11 
con~nser lnclnclccl in t he chnrgina·circtlit 



P-316 

5 
and aiiaplcd to ·bo charged lllOreby, menus lnot receiving-stAt-ion, tho combination with 
for commnt.'\ting, diroctio" or selecting the n ilonrce of such eftcctil oa· distnrbnncos of a 
current. impulses in the c1uarging-circuit, a circuit distant fa·om tho Murre nnu :adapted 70 
rcceiving·cia·cnit, au<.! moans foa· disci~;.,·gi n:; t.o have ctrrrout impulso.~ sot up in it by tho 

s the condenser through tho rccei\•iog-circuit, action of the effects or uistnrbances, a con-
substantially as described. · denser, means for comrnntating, directing or 

4. 1 n an n ppnmtus for util iziug el~ctrical selecting the ian pulses an <.I cou nccting tho cir
offects or uistnrbaoces transmitted through ·onit with the condenser nt succeeding in tor- 7S 
the na.tnral media, tho combination with a vats of time synchro.uizing \Vith tbe.impulses, 

to source of such effocL~ or distnrb11nces of a 11 receiving-circuit., nnd means for period
chargiog-cil·cuit adapteu to bo enorgi1.ed by- ically dL•charging the condenser through the 
the action of such effects or disturbances, a receiving-circuit, substantially as described. 
storage device included in tho ch:lrging-cir- 0. In an nppar~tns for utilizing electrical 8o. 
cui& and adapted to be ch:u·ged thereby, effects or <1isturbanccs ta·ansmitte<.l through 

•s means for commutntinJ:, u'irocting or select- the natornl media, the combination with a 
iog the c1;rrent impulses lu tho chnrging-cir· source of such effects or uisturbances of a cir· 
cuit so as to reouer thalli suitablG for ch11rg- cuit connecting point.sat a distance frODl t.lao 
iog the stomge ue\'ic~. a receiving-circuit, source betwcr.n which n difference of potcn- 85 
and means for discharging the storage devico tin! is cre11tod by such effects onlisturbances, 

20 through the rcceivini(·Circnit, subsfantially n storage device incloued in such circuit and 
· as described. ndapted to be charged with the energy sup-

6. In an apparatus foa· utilizing ~lectrical plied by the same, 11 receiving-circuit con
effects or disturbances trans1oitt(ld ~hrough nected with tho storage device, a recei\·er in- 90 
the natnrnl media, tho combination »ith a clnded in snch·req(li\·iog-circnit, and means 

•s ·source of such effects o1· distu~bnnces of a foa· closiug tha teC!lh·iog-cit·r.nlt nnd thereby 
charging·clrcuit adapted to bo energized by causing tho receiver to · be operated by tho 
th'e action of such efT.eets o1· disturbance!!, a euergy nccuUitllated in tho stora::;e de vic~, 
condenser incluclcid in tho charging-circuit substantially as described. . 95 
nnd adl\ptod to be chMged thereby, means 10. In an npparntus for u tili1.iug olectricnl 

10 for cotnmutatin!(, directing or selecting tho effects or disturl1auce3 transmitted through 
current impulses in the ch~~rging-clrcuit so as tho natural media, the corobinat iou with a . 
to render them suitable for cltarging the con- soun:e of such effects ot•dl~turbances of a cir
<loosea-, areceiving·circuit, nod means toa· dis- en it at n <li~t:mce from the sourco which is reo 
clungiug the coudeuser tl)rough the rocciv- energized by si1ch effects or dist.urllances, n 

JS lng-ci rcuit, substnnttally as doacribed. ~to rage. dovice adapted to bo chnrl(ed with tho 
G. In no apparatus for utilizing ~lectrical , energy supplieu by such'cit·cuit , m~atlS for 

effects ot· disturbances transmitted through coone~tiog th.e stor~ge dovico <dth the snid 
tho nnhtral media, tho combination with >\ circuit for pP-riods o(.time prct!ct.orruiue<lns 105 
source of such elreets ot· disturbances .of n to succossiotr and duration, n rcceiving·cir-

40 charging-circuit adapted to be euergize<l by chit connected \Vith tho stor~tgo device, are· 
the action of such cffcotil or disturbances, a celver included in snch recoiviog.clrcuit, nnu 
storage device lnclude<.l in tho charglo~-cir· means for clos\ng the ·receiving-Circuit and 
cuit and adapted to bo charged thereby, thereby causing the recoh·er to be operated 140 
means for oommntatiog, directing or aelect- . · uy tho P.nor~:y nccumulatcd :n the~Lorage<le· 

4S i~g tbecurreut Impulses in the charging-cir- Yice, substantially as <lGscribeu. . . 
cuit so as to r~nder them suitable forcharg- · II. In an apparaeus for utilizing electrical 
log' tho storage device, a rcceidng·circoit, ·effects or disturb11nce~ transmitted through 
nnd means fordlschllrgiugthe stomgedevice .the nMurnlruedia, the cu:nbination of n cir- u; 
through tho receiving-circuit at arbitl'itry in- cuit connecting point.• :\I a <.listauce from the 

so tervals of timo, sabstan tinlly liS described. source botweon which a<.li fferoncoof potentinl 
7. In nn Rpparatus for utilizing olectrkal is c•·eated by such effects oa· distnrbanc~. n 

effects or disturbances tranSmitle<l to II dis· Storage device included in SUC!t circuit and 
iant r.QCciviog-station, the combination with adapted to bo charged with thE> energy sup- 120 

a source of such effects or uisturbances of a plieu by tho ~amo, a receivin::·circuit, a re· 
55 circuit distant from the som·ce and 11ilaptou ceivcr included in such circuit, null means for 

to hnvo current impulses set np in it by tho connecting thorcceivinJ(·cit·cuit.witbt.hQstor
netion of tlio effects or distnrbsmces, a 3tor- a;~e device for periods of time predeteruaincll 
a;:c de\'ico, means for com mutating, directing as to succession and duration nnd thereby ••s 
o.· selecting tho imptrlses and conoectin;: the causing the rccei,·oa· to be oporaterl by thoon-

6o circuit '•itb tho storn£:o de,·iceat snccccuing or~:y nccomullltc<l in tho storagc.dedce, sob· 
inter\'als -or timo syncilronizing with t he im- st:\tllinll~: a•'uc~cribed. . 
·pulse~, 1\. recoiving-cil·cuit, nncl menus for po~ 12. Io nn nppnrutus !or ut.iliziog '31ectricn\ 
riodicAlly discl1nrging tho ~torngo device effects or disturbances tmhsn:itted tbrongh •Jo 
lhtOngh the rcceiving·cit·cuit., sullstantinlly I be natural media, the combin.llion ot a cir-

6; liS described. · cuit connecting points at a distuncc from tho 
S. In nn nppnrntus for utili~ing electrical sourcebotweeowhichadifterenccof potootinl 

ertects or distarb:mces trnnsmittod to· a di&· is created by suc!1 effoots or distutbnncc•, n. 
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~to rage cl C\'lc& n<lnpteu to l)e chl\rgctl with tho 
~ner;!y supp!i~c.l by such cit·cnit for succec.cl
lng nud p1·c<lctcrminotl per·iotls of time, n re
l'oh·ln;:-cil·cuit, n tCf~oh·ct· inehulcd iulho ro-

S ceh·in~-drcuit,, nnd mcam; for conucctin:.; t-ho 
rcc~h·inJ;·Circnit. wit.la lho storng-e llOViCO (of 
periO<ls Of limO (li'C<lCtcrmiocd 1\S tO SIICt:CS· 
slon ancl dnr11tionnucl thereby C111rsing th& re
ceiver to ho opcrntell by rho Mergy 11ccumu· 

.o htled in the ~rortt::e clevic~. substnntinllr ~~~ 
described. 
• 13. 1n an appnratt!S for Uliliziul!" electricnl 
e ltects or <listnriJIInces transmitted through 
tho nntnrnl media; the r·ombinatiorr of n cir-

r s <mit connecting poinls at n tlislancc from the 
non rc(>, bet we~n wh ich n difference of pot en tin! 
I>< crcntotl by snch cttecl~ or tlisrnrbanccs, n 
condcr.ser· i nclntl etl in such cir·cn it nnd ndHpl· 
<·cl rn he <'hnl'_:e.d hy the current· in the S•trne, 

10 n rl•Ceh·ing--cir<.·nil conuccled with the con
den~er·, n rece-l"er inclutled io such recE"iving
circnit,nnd n dc,•ice ntlnpled to ~los& there
CC'i dn;.:-ci rt:n it n t na·bi t.t·nry in 1 er\·al~ of time 
ruul rlr~reuy cnn'e tho rel'('~'·er· to be operated 

' 5 hy tho c-1ectrical ~IIC'r;ry ttceumulatetl in tho 
COikl~nso,·, Rrrl>stnrrtiaily M dcst1·ihcll. 
·. 14. Jrr an Rppnrarrr• for· rrtilizin:! eleclrical 
C>fTects or tlisttu·h,uJCC' tr·xnsmillcd through 
the nAtu r2t lmed ia, the con1 bi nn tion vf n. cha rg· 

>> ing·circnit flhttn11t from tho ~urco nn<l ener'· 
;:ized hy l.llP efl'cc ts ordisturUances, nstbrngo 
tlevicoinc nded itt th&chn J·:,dn::-eircuit, mC>llus 
i nclmlcU in the ch1li'J.d ng-ci rcUi t 1\IHl ncti ng in 
~ynchrorrism with the irnpnlses therein fo,· 

15 commnhtting. clirN.·tio:: or selocting tho im 
pul.sE>s, n recei\'in;; - cil·<·uiL nud mtans for 
periodically ,Jischnr·ging the stora{.-e rje•ice 
throuj:h tho rerci,·ing-circuit, snbst11ntinlly 
1\S ~\~'scribed. 

40 15. In an nppnmtrrs for tililiziug eleclrical 
o!Iecrs or tlistnrbarrces transmitted through 
t he oar ural medin, the com bi~ntion of nchnrg· 
log·circnit di$lllnt·fr·om the source and euer
gfzed by the effect~ or disturbnn~es, a con-

4S <leoserlncluded in the chnrging·circnie,means 
i nol udod in the char~tin~:·ci rcn it nlld ncti ng in 
syochrohism with t ho impulses therein for 
commnt.atJog, Uirtcting or select ing the im
pul5611, a reccivin;::·circuit notl moans· for pe-

so r iodirally dischargiri:: I he condenser through 
tire· rcceh•iog • circnif., sn\)•tnntially as de· 
scriued. 

lG. In ao llppm·•ttus for· trausm i tti ugsignnlg 
or intelligence th Nugh the nntuml med in f rp10 

' a sendiog·siAtion ton d i$11\ut poin't, tbecom. 
biontion of ngoncrntoror trnnsmilter11dnpted 
to pro<luco nrbiL1·:nily ,·nrictl or in tormi ltt'•' 

clectricnl distnrunuce' or ei!ccts in tfte nil Ill· 
r11l medin, n chllrging·cirr.nit nt the dislnnt 
point adnptcd to recei,·o corresponding olcc· 6• 
tl'icnl impulses or ciiect.., from the disturb- . 
nm·cs or orrects so produced, n stomgc device 
inclucled in thci charging·oircnil·, mcnn' in· 
eluded in the chn.rging-circuit ntul acting in . 
synchroubrn \<ith the impulses therein for 6s 
commutnling, diro,..ting or selecting tho iw· 
pulses sons to reucleo;·them su itnule for cbarg· 
ing tUost-orng~ devi<:'6, :\ roceiviog-c ircuit· And 
means fo1· periodicnlly uischnrging the stor
nge device through the recei v ins·cir c:ni t, sn b- 70 
slantially ns described. 

17. Inllnllpf~'lratnsrort. >smi!lingsignals 
or intelligcncuthrongh the ontnral mediA from 
a sending·slatiou ton dist.l\ot point., the com
binntion of n :;oucrntoror tmnsmilterndapled 7 5 
to produce 11rbilrnriiy ,·nrietl or intermitted 
eJectl'iral UiStur•1.>nnc.:>S 01' effects in the DlltU.· 
r·allncdi~, n ohnrging·ci,-cuit nt tha distant 
point 11<1aptcd to receive cor~·esponding elec
t.rknl irnpulse~ or etreols from the disturb· 8o 
nnces or ci!ccts so produced, n condenser in· 
cl uc.lcd in t..he chnrgi n::-ci r<'n it~ mea us i nclu<]("tl 
in tho ch:\Tging-circuit nud ncting in :iyn· 
chronism with the impulses therein for com· 
nwtnting, ·dil·ectint: or $(!llecting tho imrnt1sc~ 8~ 
so ns to '·orH1cr theru suitnhle for charging 
t.he concl~nsc1·, n rcc~i\·ing-ci1'cuit nbd means 
Cor· pcl'iodicnlly clischnr)!ing the condenser 
throu~h tho r<'<'Cddug-circuit, sul,stnn t inlly 
·~describe<!. go 

· 18. In An A pp:'l rn t us fo•·t r:t i1sm i LLi ngsigual.~ 
orin t<1li igeoco 1 h •·onr,h the nAtural mcd in from 
a scotling-stntiou ton dist..'\n t point, thaeotn· 
bi nnl ioo of" ~en ernt&r or l raosmitler ndnoted 
10 produce nrbitro~rily varied o r intermllted 9~ 
elect rica! uistn r·barrce~ or eftecls I u tbe nnt D· 
rnl media, n circuit nL thodist<~nt. point ndllpt· . 
ed 10 recch·o cor·r·csponclio!! clectricnl im· i 
pulses or disturbances from t ho disturbances ' 
or ell'ecrs so Lraosrnillecl, a Morage device In - •oo 
clotled id such circuit ~od ndnpted t.o be 
chnrged thereby, a receiving · circuit coo· 
nected with tbG stornge devira, n receiver In· 
cloded in ·tbe recei"ing·circuit no<l 11 devie& 
tor closlpg the rcrei \'ing·circnit ••t nrbitrnry 105 
lntervnls of lime 11od thereby C:\USing the re· 
oeiver to bo opernted hy tile roergy accuro u· 
lated in. the Slorago device. snustHnUally M 
descri l>Nl. 

NIKOLA TESI.h. 

Wrtncss~s 
C. E. TITUS, 
LEO!'U.ItD E. CURTIS. 
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• 
To all whnn• it m..ny Mnrcrn: 

Be itkoown lhl\t I ,.1't KOLA T&SLA, a citizen 
of the United Slntes, resldio:; nt Now York 
city, in til~ county nnd Slnle of Ne'r York, 

s hn vo in ,·en ted n now 1\nd nsefu n 111 provemoo t 
iu Appnrntus for Utili zin~ EfT eeLs To·l\osrnit· 
tod from il Distnnco to n Re~civiog Dovlce 
Tbo·ough tho Natural ~Iedin, of which the fol· 
lowing is A specificnlion, rofeo·ence being UI\U 

•o to tho Accomp;\Uyingdrawing,., which form n 
(>1\rt or tlio snrno. 

T he "su bject or my present invention is 1\U 
lmpro\·oment in tho nrt or utili~in:; eiiects 
trnnsmiLted from n diStl\nCo to 11 receiving de· 

•s vico t.hrough tho ontnrnl ruedia; nuu it con· 
sists io the nov~l nppxratn~ her~inafler de· 
scribed. 

This npplicati~u is n divi• iou of one tile!) 
by me Au::nst I, 1899, Scrinl No. 725,749, noll 

;o biiSed npoo 11nd clnimiog the method hereio 
<lescribed and which m11y b~ prncticed by the 
use of the appnratns forming tho subject of 
thi• application. . 

My Joyeutiou is pnrticularly useful in cou· 
•s ncction with methods nn<l appar-atus for op

erating di$tAot. receiving devices by mean' 
of electricnl <listurbances prounced by po·oper 
t ransmilters null conveyed to such receivin;; 
do,·ices through the natural medin; but it ob· 

30 vlously hn. 11 wider range of applicnbility 
m od lUll)" h~ employed, foo· ~X•lmple, in the iO · 
\'C'SI·igntion 'r u tilizaLiou of torrestrhd, solRr, 
or other disturbanc~s produced by uRturnl 
C'iHtsrs. 

JS Severn! WR)"S or mctho<l• of tnulsmitting 
c·lcctril'nl distnrl.mncc~ through tho uatural 
mctli:\ an•l utilizin~ I hom to operate distnot 
rc-cch·crs nrc now known :11HJ hR\'O boon Ap· 
pJictl wiUl moro or l~J~s suc<:ess for RCcOm· 

40 plishin;: n ,·aricty or useful r~~ult~. Ono or 
lhC$e wnys consist~ i n prod ucing by 1\ suit· 
nulo appAl"AlUS rny~ or o·adintions-thaL is,. 
dist11r\Jnnces- which nrc propn~l\ted in 
straight lines llu'Ough A(loU.:C', dircctiug: them 

45 upou a rccoi\·ing- or r<"CO nlin~ appnr:\lus Htn 
U19lllnce, And thereby Loring in;; tho i!lt.teo· inJO 
nction. 'J'his method is the oldeoL nnd uc•t 
known and h;1s \Jecnuron~:ht pllrticulnrly into 
pronlincuc!' in n~ccnt. ycr~rs t.h .. ou:;h the in· 

so vestil:alious of Jleinriclt lloo·t~. Another 
ructhO<l C"'nslMlS in pnssing n cut'l"<'nl through 

1\ circuit, .preterably one lnclo•iug 1\ very 
IAI"ge a ron, inducing thereby in" sionilnr clr· 
cuit situate!) nt 1\ d iot..1nco llnothct• current 
11n<l nl1ecting by- tho iuuno in nny convetoient ss 
\ray 11 receiving dovice. Still another wny, 
-which hns 1\lso been k nown for rnnny )'Oar!l, 
is to pass io aoy suitnble maoner 11 current 
through II portion Of i.ho go·onnd, M b)r COl\• 
necting to two poin ... M tho same, preferably 6o 
nt 11 considerablt~ distnnce from oach other, 
tho two terminals o f n generAtor nod to en 
ergizo by n pRrt of t he cu rren t di tl:u$o<l through 
the earth n di~tslu~circult, which is similarly 
1\rfl~nged II OU grounded nt 1\<0 points \Videly 6~ 
llpMt Rod whiclt is made to net upon 11 seosi
til"6 receiveo-. 'fb~e ,·nrlons methods havo 
thei r limitntions, oo1e especil\lly, JVhlch is 
common to all .• being thl\t tho recciviug cir
cuit. 01· lostrument. must. l>o nudnl.ftined in 1\ 70 
deflnite position with ··espect to tho tr11ns· 
milti~g A[\pP.rAtus, whi~h ofren ilt:lPO!e~ gr·Mt 
disad vnota;:es upoo the use of the 11pparatus: 
. Io severAl npplications tiled by me and p:lt· 
ents go·sute<l to we I b,., . ., <li$clo•cd other 75 
methods of accomplishing rtsults or this nn· 
ture, which may be briefly descriheol ns fol· 
lows: In one system the poteolil\1 of 11 point 
or region of t he ~nrth is ' 'llried by ioop~~rting 
to it intermit toot or alteroatiog cl~ctriijca. 8o 
lions through one ol tbe terminxl~ of 11 suit· 
able sou reo or electrical <I ist u rbn uce.•, w h icu, 
to heighten tho efTecJ, hus itS other tet·mionl 
connected to 11n insul•ted body, preferably 
ot largo surface nod 11t 1\n olevntion. Tho S; 
olectri6cntion• comouuuic11 tcd to the onrth 
sprttu.l in nll directions through tho same, 
ren.claing A. dist.ant. ci•:cuit, which ~ouornlly 
hRs its t.orminRb Rrra#Jgctl nnd <:ouucctcd 
similArly to those of t.he t l'l\llSllliltiug SOUl"~() 90 
t\ nd opcn\le.S Upon 1\ h igh.J)~·SOilSi t h•c l'CCCi \'Cr. 
Anolheo· mclho<l i~ hnsod , npoo the fact thnt 
the atmo~pheric ni<". w"hlch bolon\"OS ns an~, . 
colleut insulator tu c\H-r~nts t;onor"tc<l by or· 
eli n~t·y R ppnra tu~, bccomc~ a co1ul uclOr u nclcr 9 j 
tho iullnonce of cu rrent.s oJ· impulses of CDOI'· 
1110nsly h igh elect romoti \'C for('l\ which I hn vo 
tlo\'iscd menos for ::enoratiug. J:y ::such 
m('au~ ~d r strnt.a, wldcll arc ('asily ncccssible, 
nre roudC"rcd a , ilabl!) for t.ho production of aoo 
nu1ny d osio·ctl oiTccts at <.list.,uccs howo1·~r 
gront. Tbis onetho<l , fnrlhoo·moro. sllowd ad· 
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vnutago to be taken or mnny or t noso itn-~ propagat1!d through the nnLural mediA !rom 
JlrO\'OlDents which are prnctic'ablo in the or· sny kind or source a11-l their practical nl ili· 
tl loary systom~ or trnns10ission Involving the zillion for any parpo~e to.\fhlch they Mil ap· 7o 
use or n metallic conductor. plicable, I b!lvede,·Jsednnov,ol mothod,whicb 

s Obvlou~ly whatever method be e•uployed I hnve descl'lbod iu a ·pending application 
it lsdeslrablethntthedisuu·bnoces produced tiled Juno ~t, 1899, Soria! No. 721,700, noa 
hy tho trnusmittiug appMIIlus shou ld be as which, b•·oadfy stilted, consists' in eltoctiug 
powerful ns possil>le, nod by the use of cer· durin~: any desired tio>o intervaln ator11ge of 75 
tllin forms of hil(h ·frequency apparlltu~. energy derived from sucb Impulses nnd·utii-

IO wbich lluive dovisod Rod whlcb Rre no'v well !zing the potential energy so obtRiucd for op· 
k nowo, io1portant practical 1\dvantngcs are era tin~ 11 .rccoivin~ device. 
in this respect secured. Furthermore, since Clly present ln,·eoiion is intended !or tbe 
iu m06t c:ases tbe amount or en~rgy conveyed same general purposes, and it comprise.. an· 8o 
1.0 the disltlnt circuit is but a mio ute fraction otbcr appa1·atus by 10eans or which aimiiRt 

15 or tho total energy omnnMing from tbosonrco rosnlts may be obtAined. · 
it i5 oocessary for tho attRinmoot of the best Tho chief !enture which <listiur.uishes the 
result~ thnt whnto\'er the chnrP.cter of there· method of my prnseoUro•n lhKtof my former 
ccivor nnd tho nature of Lhe tllstnrbt\nces ns iovooUoo, just referred to, is thi\L tho ouorgy Ss 
lDIICh ns possible of the energy co1iveyod storCld is no~, ns io the for01or instnnce, ob-

ao should ho ml\tle a\'Rilnble for the operation tR!ned !rom the cne~y of the disturbances 
or tbe receiver-, and \vith th,!a object in view or effects transmitted. froto n disr11nc'l, but 
I have heretofore, 11mong other lli&IIDG, em· from an· !ndopendent !lOu reo. 
ploycd a receiving-circuit of high self-indue- KxpreY.od genernlly, tbe pre.~ent mMhod 9" 
tion and verysmi\U rcslsLtlnco and of a period r.onsista In charging 11 storn:;edevlco "i(h en· 

as such RS to vibrato iu synchronism witb tbedis- orgy !rom an independontsourco, controlling 
tnrbances, wbereby a nnmbor of 3eparate im- tho obnrgiugof Bllid device bytboaction o!lhe 
pulses frOl!l tbesource woro m11do tocoopor,.to, otteota or dlsLurbnnces transruiUed through 
1 hus magnifying tbo effect exertod upon and the nntu1'1\l mod in, Rnd coincidentlY. using 95. 
Insuring the actiCin of tho receiving device. tho Gtored euergy for operntiog a receiving 

30 By t~cso men!}sdoet.lcd ndv11otngos bRve beon devico. 
secured In m11ny iostanco.,; but ''oryoften lbo A gr~llt vario~y of disturbances, produced t 
impro\'crnant is either not Rppliclllllc nt 1111, oithor IJy suit~~obly·constroctO\d tmosmltters 
or, if so, the gain is very slight. Evidently o .. by uRturAl causes, aro at present known 100 

wbeu the so~rce is oue producing a contlnu- to ho propllg:\tod through tho ollturttl u:edla, 
35 ous J•rtesuro or dCl!i,·erlug impulses or long "ud there are nlso a variety or mcnna or do· 

du ration It is imprnctienble to u:a~:nify.tl!e ~ice.s 11nRbllog eno~y to be stored, nod In 
elteeta In this manner, and when; on the other view of tbis I wish to say tbat I consider the 
hand, lt Is one furoishio~ sbort impulses nf ati!izl\tion of Roy such tli•lurbancu 11nd tho ros 
extreme rnpi<lity or succession tho ndvMlage employment of any or tb&!le meAoa 114 within 

40 obtained iu tb!s way is inslgnltlcant, o1vio~ to the scope of wy present ln\'eotion so long as 
the radiation imd \he una,·ol<lnblo f•·iclional the use of the gen~ral method he~eln'beforo 
wASte iu tho recei,·ing-clrcn!t. These l0Slle11 statod is involved. 
reduce greatly hoth the Intensity nnd the Tho bost WRJ' of cnrrying out my im·ent!on uo 
oumbor of the cooperative impulse•, aod whicb I Rt present know is to etoro electrical 

45 &loco tho Initial 'intensit-y of oncb or these energy obtdiaod !row n soitablo electrical 
iG noceSSRrily limited only nn losignificaat generator In 11 condenser 11ud to control tbe 
Amonot-of euor~y is tbns m11de nvnllnble for storngo or tho Rpplicatioo or this ooorgy by 
a single operation of {be receiver. A~ this moans of n sensitive de,·ice acted upon by us 
IIIDonnt is consequently ll~pocd~nL oo tbo tbeotrects ordlstnrban~es. 11nd thorobyc,aso 

so ~ncrgy conveyed to tho rceeh·er by ono single the operation of the recei~er. 
Impulse, it is C\'itlently ncccssnry to o~nploy In the prllo•lcnl applicnLion o! l11is m8lbod 
dthor a \•ery largo and costly,11nd therefore I usu11lly proceed as follo\v~ : At nny lJOin~ 
obj~ctionl\hle,ll·nnsm ittor, or cl~c to resort to whero I des! I'(' to.in,·ostlgAt& or to utilize tor uo 
tbo equally object! nublo uso nCR receiving any purpose o!lects or disturbnaces propa-

SS dovlco' too delicate AD<ltoo ei\SIIy deranged. g~tell tbrongh tho nntural medii\ Crom Rny . 
Furthermore, the oncrgy obtlllned throogh kind or eource I provirlon soitnblogenerator 
tho co~perntion of tbo impulses is in tbo form of cloctrloity- RS, fore:<l\mplo, n bnttory nnd 
of oxtroruely rnpitl vibrations nnd beca:.~seCif a condousor-which I coanoct to tho poles of 1>5 
this unsuit~tble for the operation of ordinnry tbc generator in series with n sensltiv() do-

&o rcceil·era, tho. nh:>roso ns this form or onergy vice cap~blo or boi~;; modift~d in lt.s alee· 
ilDJ\0508 ""rrow restrictions in regnrd to the 'triCIII rosisl.~nco or other property by tho I'C· 
mode nnd tlmo of its npplicRtlon to such de· · tiou or tho tli9turbances e•nittod from the 
vicu. ·ro ovorcorno these and othor limiiA· sou reo. · 'l'u tho tcrDJio.l\lso! thoeondonur I 130 
tions 11od disl\tl vantages tblll havo heretofore conn oct the rocei\:er \fbich i~ to be opera~ 

6S o~l&ted In such syst&ms of transmission of s)g· in sories "il h Rnotl!or uevico of suitAble con· 
nn\s or iotolli~onco nntl to rouder possible ~truction, "hlch perlorr.>.s tho lnncUon of pe
lla lu,·osti~ntion of impulses or cllsturbM~cs rlodicnlly disobaming tho condenser thronglt 



lb.) rcc~i,·cr At nud durini; snell ioten•nls o! 
limo ns may uc !Jest suitaole Cor the purpose 
contcmphllNI. This latt-er dcvico mny m~rely 
consiet of two stntionRI',r electrodes sep:lrAted 

s by n Ceoble dielectric lnyer of :n inuto thick
ness, but snflic ient to grcntly red nee or prr.o· 
tically interrupt tho current iu the circuit 
nuclei' normal conditions, or it mny comprlso 

. tertniuals one or- more of ~~hich are mon\l>le 
10 And actnateu by noy ~uitaule force Aml Are 

ndapt.c<l to be brought into and out o! con
tact with each other iu nnv con1·enlent rul\n
ner. The sensili\'e device mny be a ny or th~ 
many devices of this kind " hich ara known 

15 to be n ifccted by the dist llrbances, impulses, 
or effects propngntc<lthrongh tbe media, and 
it may be of such 11 ch:ll'nc tcr thnt ooro•nlly
tl.nt is, whennotnctcd upon-i~en tirely pre
\'•!nts the pnssnge of clecto·icity rruiD the geo· 

20 ernt.or to tl.lo conllcnscr, or it. rnny b& such 
thAt it allows n gr11<lunl leaking through of 
the curreJ.Jt And A chnrgin~ or the condense•· 
nt a slow rate. In nny en so it will bo scon 
that if tho disturb~nces, of whnte\·er oatur~ 

•s they way be, cflusc nu appreciable diminu
tion in tho elcct•·iMl resist:-~ nee or tho son~i
tivo dovice tho cunont from tho b.,tt~•·y will 
pass mo~e readily Into tho condense•·, whicb 
will be char.;o<l nta more rnpi<l rate, and con-

30 sequcntly each or its discharges through tho 
t·ecoiver, periodically cffcctecl by tbe •pecial 
clevico l>eroro referred to \Vilicb performs this 
function, will bo stronger than norml\lly
thnt is, when tho sensitive devico is not acted 

35 upon by tho tlisturbnnccs. l!:vidently :bon 
iC tho rccoi,·er bo so adjusted that it docs not 
'respond to tho comparntil·cly fecblo ncormnl 
discharg-~o of the condenser, if they should 
occur, but only te thoso ~t•·onger ones which 

40 t:lke plnce opon the diminution of the re
sist.noce of tho scusiti\'e device it will be op
ernted only when this de\'ice is ncted upon 
l>y tho tlisturunnccs, thus rual<ing it po~oible 
to investigl\to nnd to utilize tho latter for nny 

45 desil·ed pur[io..•c. 
'!'he gcuornl priuei ple underlyi nr; my ! n \'en

tioo and tho operation o'f tho \'arions<levices 
used will bo clearly understood by reference 
to t.h·e nccompnnying drnwin~s, in whi<·h-

so Fignro 1 is" uiagram i!lnstrnting n typic11l 
annngcmcnt of npparntns wh ich mny bo used 
in cnrryin~~ my lf1Clhod into practice, and 
Figs. !1, 3, 4, nnd 5 simihu· clia.gt·tuns of tu o<li 
fied arr:tng~mcnls of npfm•·ntus for the snr:'lo 

S5 }HII' f>OSC. 
In Fi~. l, Cis n contlcn~cr, to thst~rn.linnls 

'1' nml '1" of wllith i~ counccto;l " cllar;:dn!~
drcnit., inclndin~ a battery n, a sensitive de
vice a, and a rcstsl:tnCt! r, all connected in so-

Go ries, ns il1•1stratecl. 'fbo lo:tttcry ~honhl bo 
prcforalJ1y Qf n~·ry constnnt clec:.romoth·o 
forco :111<1 of an i>~ tonsity cn•·efnl!y deter
Ill i ned to. seen• o thG l>cst rcsu Its. The re~i,;'t
nuce r, which 10:\Y Oo n jriclionnl oa· nn iu-

~5 clucth~o::-e; is uot nbsohitcly neces.sn•·y; but 
it is or 1\<l\'nntnge to uee it in ordor to fACili· 
L:tto ndjnstru~nt, nncl for ~his {'111'1>030 it m:ty 
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bo mnde Vl\rlAblelu nnycou,·coiNlt nud pre! · 
srt:bly cootinoon~ manne•·. Asst11ni11g t!J:tt 
the dieturbRocea which are to be invostigntec.l 70 
or utilized for some pmctic~l cod are rays 
identical w! tb. or re.s•m bling thoso of oru i ou rr 
light, the sensitive device a m11y be a selu
ninm cell properly prepftred,•o as to be highly 
susceptible to the iuflnence of tho rn.l's, oloo 75 
action of which should be iuten•ifietl by the 
use of a reflector A. (Shown in the dra\V
in;;s.) It i~ well known that when cells or 
this k ind nrc exposed tosuoh rays of greatly
varyiug .i::tensit.y they underl)O correspond- So 
i ng mod ificlltioos of tbei relec tncal •·es!stn nee; 
bu t in tbo ways they hnve< been heretofore 
used they hn\'e been of ,·ery liluited utility: 

In add iLion to 1 he cirtn it i nclndi ng thoscnsi
ti\'o devico or cell ft nnothcr circuit is pro- 8; 
\'ided, \vhich i~ lil•cwise couueeted to the ter· 
minals ·r T' of tho conden•cr. This circuit, 
which mny bo c·allc\1 the .. recei vin;·circuit,, 
includes the rt'cciYer R nntl iu s crie.s wit.h it 
r. devicocl, before referred to, which performs 90 
the duty of }lerio<licnlly clischnrging the con
denser through tho receh·cr. It will bo noted 
that, as shown in Fi::. 1, the rccch·ing-eircuit 
is in permanent connection with tho bntt.:.ry 
and conuen3cr-ten11inal '1', and it should bD 95 
stated thn~ i t is sometimes desirable to en
·tirely InsulAte tho receiving- circuit At nl! 
time$, except the moments when the dovico 
d operates to discharge tbe coode!lscr, thus 
p ro\'outing any distorl>iog influence which too 
might otherwise bo en used in this circuit by 
the bnt!cry or t-he condenser uuriog the pe
riod when the receiver should not l:e P.cte<l 
upon. In such a case two dovice.s,llScl, :n;;y 
bo used, one in each connection from the con- 105 
denser to the receiving-circuit, or else one sln
gledevil:e of this kind ,l>u t of a soit.nbly-ntod i-
!ictl cons!J·uct!on, so that it will mnke nnd 
break simultaneously and nt proper intervals 
o! time both or the connections of this circui~ 1 1 o 
with the condense<r T and T'. 

From tT1e foregoing the operatlo_n or the ap
parntus, ns illustrated in Fig. 1, trill be nt 
once uncle~tood. Normally-thnt is, w!J~n 
it. is not influenced by tho rays nt nll ot'very 1 '5. 
slightly--the con a, boing of A compnrAt\voly 
hir,h resistanco, parmits only n •·elativ•IY feo-
blo cmreot to pr.ss f1·om tho baLle•')' into tho 
coudcn~er, and hence tho lnttc1· i.s chn.r~:~d 
nt too slow a mto te nccu111n1ntc d uring 1J10 t>o 
t imo Jnt-ervnl botwctm two :mccce~ling opN·a· 
ticns of the clovic3 il sufficient cno•·;;y t-o op
erate the J•ecoircr or, gcncrnlly .spc.aldug, LO 
proll uco tho rcq u ired chan;;o in tho r~cci \'i ng· 
cir~uit. 'l'l:iscon<lition is ··~n<lilysccnrc<lby 1:~ 
n proper selection nnd ndjt:stmcnt of the \'ari-
ous dc\'icos d cscrilic•l , so thnt tho receiver 
will ruonnin unresponsi ve to tht\ feeble dis
chnrgcs of tho ccndcnse•· whirb mny tt.k<l 
t)1a<.:e when tho~o11 ttisnct ~d upon l.mt.s!ightly 130 

or notnt aU by tho r:>ys o•· disturbances; hut 
if now n~w ri\y$ nro pClrmittc<l to fnll upon 
t he col! or if tl•o inV.:nsity of thoso Already. 
ncti ng up<m ! t ~ i ncrel\.~cd by nn;r cause t-hem 
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ItS roslstance'wlll bedim!Qished and tho con- the dovlces nod careful adjustment tho •. ad
denser ·will be charged by tho battery :\t. a vantages of my method may be more or lea.' 
more rapid rate, enabling sufficient potential completely aeo.ured. I find It preferable, 70 
energy to be stored in tho condenser during however, to follow the plan ~bich I ha~·e Ill as-

S the period of inaction or tho device d to op; . traf.ed and described. 
emte the receiver or to bring about any de It will bo'observ.ed thl\t thecoodensor isnn 
sired cllange in tbe recef\·ing-c!rcuit ~>hen importnnt element in the comhinRtion. I 
tho device d acts. If the ra;·s actin~t npon have showu that by reason of its uo!qoe prop- 75 
tho cell or sensitive device a are varied or in- erties It lFeaUy adds to the efficacy of tbis 

10. termitted in nuy arbitrary manner, as when method. It allows the energy accnmnlllled 
t~ansmitting in telligence in the usual 1•ay In ·it to be discllarged instantaneously, and 
from a distant station by means of short and therefore In 11 jlighly effectii'O maune.r. IL 
long signl\ls, tho apparatus may readily be magnifies inn large degree the curreu~ sup- 8co 
ruade to record or to ensbla an operntor to plied from the bAttery, 11ud owing to these 

15 read the mes~age, since the re¢eiver-supp6s- features it porrnlts energy to be stored and 
· lng It to be su ordinary mngnetic . relay, for discharged nt prnctlcaliy nny rate desired, 
ex11mple~wi!l beopornted byeacbslgnal from ·and thereby makes it possible to obtain In 'the 
lbesending-station a certain number of times, receiving-circuit ve,ry {trent changes of tho 8; 
havi ng some r.olatlon to the duration of ol\ch cur)'ent strength by i mprcssing upon tbe bat-

20 signal. ·It will be readily seen, however, $hnt tery.current very small ,-aria lions. Other 
if tbo rays are varied hJ nny other ~<ay; as tneans of storage possessing th~se chara!!ter
bylrupresslngoponthePlchnogesinl'ntens!ty, islics to a use!ul deg ree may be employed 
the succeeding condenser. discharges will un- without cleparUog fro1n ·the bro11d spirit Of 90 
dergo oorresponding changes In intensity, myin1·ention; but I prefer to usellcoodauser, 

25 whicbmaybeindicatedonecordMby aeuit· since in tbe8e respoct.s it. excels any other 
nble recelvorand distinguished irrespectively storage device of which I have knowl'edge. 
of durnUon. . . In Fig. 2 n modified arraugemont of nppa-
. With reference to Fig. lit may be useful ratos Is Illustrated which is particularly 95 
to statAl. that the electrical coniteclioos of adnpted for tho ln1·ostlgation aod utiliZAtion 

JO the l"arlous devices lilastrat.od may be m11do of vory feeble impulsos or disturbances, such 
iu many different ways. For iastftnco, the as may be used ia con,·eying signals or pro
sensitive device instead of baing in serie~, dncing other desired of!cct.s at very great dis-
liS shown, may be in a shunt to the conJonser, tances. In this cnso. the energy stored in the 'oo 
this modification being illustrated io(Fig. 3, condenser 15 pnssed througb the primary ot 

35 in which the devices all'<wly described Are 11 transformer, tbe secondAry cil·cuit of which 
indiCI\te<.l by siu1ilnr letters tocorrospond \dth contains' the receiver, and In order to render 
thoso of Fig. 1. In this case it will be ob- ·the apparatus still moro suitable for use In 
served th:\t tho condeusor, which is bein~ detecti ng feeble impulses, iu addition to the 105 

charged from tho battery n through the re- sensltlve device which is acted upon by tho 
40 sistance r, preferably lndnctivo and properly impulses, another such do•dce is included in 

related to tho capacity of the condenser, will tho secondary circuit of the tran~former. 
sto·re 1ess ooorgy when the sensltl\·e device T.hosoheme of connections is in the main that 
a is energized by .the rays, nod Its resistance o'f a Wheatstone brWge; tile four braouhea of 110 

thereby diminished. '.fbe adjnstment of the which are formed by the sonsiti\"e doviee a 
45 various Instruments may thou be such that and resistances L, L', and L", all of which 

tho receiver will be oper11ted only wheu tho should bil preferably luducth·o and also ad
rnys are di!Dioished in intensity or interrupt- justable iu a continuous m:\!JDOr, or M least 
ed and entll'cly prevented from tnlliog upon by vorysmalisteps. ThecondenserC', which us 
tho sensitive coli, or tho sousltivo device may 'is generally made or considerable capauity, is 

so be placod, as show11 In J..'ig. 4, in a •huot to the connected totwoopposlte points of the bridge, 
resistance r or inserted iu any snimble \VIIY while a battery B, in aeries with a cootinoous-
in thn cirouit col)tainiog the receiver-for ly-ndjustablo non-inductive reslstanco r' , is 
example, as illustrated in Fig. 6-in'l.ioth of connected to tbo.other pair of op~osite points, 120 

which figures the vnrious devices are lottor~d M usual. Tho four resistances included in 
55 to correspond ••ith those in.Fig. I, so thai the ~he branches· of the bridge- namely, 1.1, L, L', 

figur~s become self-e:.:plnoatory. Again, tho and L"-ard of a so !table size and so propor· 
sovornl instrumnots mayoocoonectod in the tioned thut undoroormlllconditlons-tbat Is, 
manner of a Wheatstone bridgo, as will be wllen the device a is not influenced at all or 125 
horeinEL(ter.oxplainod with reference to Fig. only slightly by tho distu1'bnnces--tbaro will 

6o 2, or otherwise connected or relatbd.; but. i n he no difteronco of potential, or, In any case, 
each caso tho Reusitive device will hal'e tho tb•l minimum of the same at the terniinsls T 
same d uty to perform-that is, to control tho and T' of tbe condenso1-. It ia assumed In 
ooer~ry stored anu utilized iu some suitable the present instil nco tltat tho disturbances to C3o 
wn.y tor causing the operntion of tho rocoivor be invostigate<.l or utilized nre sncb as will 

65 in correspondenco "'itil the ioterlll itlances or llroduceadiffereoco of electric potential, hott· 
variations of.theofiect.s or disturbances-and ever small, )Jetweoo two points or region~ In 
in ench instance by 11 jndlcions selection of the nat.ural media, as the earth, the wa~r, 
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e>r the :~lr, P.nd In order lo appiy this potcntll\l 
ditTerenre erte<!Uvely to the sensiUvodevlec a 
the terminals or the umo nrc connected to 
two pt..tcs P nod P', "'hlch shoqld be or as 

s large" surfAce AS practiCAble And so loc:P.ted 
In tho medin tha~ the lnrgest possible differ
en co of llOLentlnl \Viii be produce" by the dis
turbances bet,.een tbe termlonls or the, sen
sitive device. This 'de\·ice is in I he present 

to ease one of 'famlliRr coostroction, consisting 
of RR lnsulatlog·tube, which i~ ludiellled by 
the heavy Hoes In tho drnwin~:s and which 
Juts its ends closed tightly by two conductln~t· 
)lings with reduced t>:nensions, upon which 

•s bear t••o bt·ushesbb, through which tho cur· 
rents nre cun\·eyed to tho device. The tubu· 
IRr spnco between the plugs Is parth<lly 1\lle<l 
with ''conducting aeuslti\·o pc><der, ns ludi
cRted, tho properAmouotof thesnme aucl tho 

•o sire or 11.11 groins being determined And lid· 
justed beforehand byoxperlmeot-. This tnb& 
l rotnto by clockwork or other meRna "t n 
uniform 11nd suitable rate or speed, nnd un
der these cooditlous I find thAt this device 

•s bobG\'es townrd l)lsturbances of the kiod bo· 
for& assumed In 1\ IDAnner simiiRr to that of 
n si.IIUonary cell of cell•nlum lO\fard rays of 
light. Ita clectrlcal ,reslstance is diminished 
when leIs nctod upon by tho disturb~nccs 

30 nnd Is autom~<tlcally restored upon the ceun· 
tlon of l\telr Influence. It ~g of Adv&nta<re to 
om ploy round grains or powdet· In tho t'itbe, 
nod In any c,·ent I~ Is lmportau~ that they 
should be or liS unlrorm site And shape u pos-

35 siblo Rod tb~t pro•·ision shoultl be made for 
annintRinlng Rn uncbRnglngJ'nd very dry at· 
mosphOTO Ia the tnbo. To the tormlnsls T 
Rod 1v of the CORdeD Sur C' i~ cconeoted & COil 
1'• usuAlly conslstinl! of a few turns or n con-

40 dl\elor or \'Cry sm"\1 resislllnce, wh!ch Is t ho 
primary of tho transformer b~fore referred 
to; Ia series wllh a device d, which effects the 
discharge of tho condenser through the cl>il 
1' lit predefermlood lnter\'AIS or lime. In the 

45 present cnse thisdovicoconsistsof 11 cylinclor 
mndo pArtly of conducting aod partly or ln
su hulng tontorial e nnd e', rcspectl\·ely, which 
Is rotnted nt the <le~ired rnto or speed by 
All)' sultnblo mcnns. Tho conducting pnre e 

so Is In ~:ood olectricnl connection with abl\ft S 
nnd Is pro\'ldod wltb taperinJt segments, as/, 
upoo which slides n brush k, which should 
preferably be cnpablc or longitudinal adjust
ment Ilion;; tho cylinder. Another brush b', 

55 which Is connocted to tho condenser-termi
nal 1", being nm1nged to bc:tr upon the shnCt 
S, It \fill, bo seen thnt whenever the brush 1.: 
co~ncs io eontRcL \filh a cooUueting-sogotent t 
tbo circuit lnclualing tho primary p will bo 

6o ccmplotcd 11ml tho condeuser, H energized, 
allscllus:ed through thos.~mo. Uy nu atljusl-
111011~ or tho spc~d or rota~ion of the cylinder 
and n alisplnceuacn~ of tho ba·ush k nlong the 
axis or a.ho snme tbo rlrcui~ m11y be rondo to 

6; opeo nnd ~lose iu M rapi1\ succession Rnd re· 
mnlo ot:en.or closed during such intervAls of 
tlmo "' mny bo desired. In I ud ueth•e relntlon 

to tho priloary p is n secon<lnry coli~. usamllr 
or mach \hlnuenrire nn•l or Ul:tny an oro t urn$ 
tlu1n the former, to \dtich nro -connected 111 n 70 
series n recch·u n, illnslrnted n• an ordiu11ry 
magnetic relny, n coutinuonsly · ndjnstnbl'u 
non·lnduc~t.·e resistnnce r", n battery B' or n 
properly-determined and very con~tnn~ eloc· 
troanOU\'e !orep,nnd fin~~\ly n ~~~~~itlv& de\·lco 7 5 
a' of the same or simiinr conAtruclion liS o, 
which Is likewise rotated at n nni!orao apte<l 
And \\'hich, with its brush<>s b' b'', close~ tho 
secon<l11ry circuit. The clecta·oauotl,·o !orco 
of lito bl\ttery B'lsso grtulu~ted by mennsof So 
t.ho ntljust.nble resistance,,. tbnt tho dlelec· 
trio layers In the sen~itive dc\·ico . , · nr(\ 
at rAined ,·ery nenrly lo tho point of brt'nkin)! 
cll)><n llotl give ><ny npon n ·sli~tllt incrMseor 
the electrical pressure lln the lormiQnls or tho ss 
device. Jt,•ill of course be understood lhnt 
th& realst.1uce r '' is used n1nlnly btoe~ln~(\ or 
cOR\'&nlcoce unal that it may be cllspeMe•l 
••ith, In "hlcb CRSO tho ndjuSicnent 1nny bo 
ertected In many o~ber wnys, 1\S by deter· 90 
mining the proper AffiOIIRl Or COIII'liC~CS$ Of 
the sensitive powtler or by \'Arying th~ dl~· 
tnoce npart of tile melftllic pln:;s In the onda 
or tho tube. 1'he same m~y bo snld or tho re
sl!itnnco -r', ,wbich .ls In series wiUt tho \Int.- 95 
tery n nnd servos to grnduAte the force o( tho 
laltcr, so that the dielectric )1\yers or the ~on· 
slth·o de•·lce a are subjected to 11 .simllllf 
strnln and mnintnined in n stllle of dollcllle 
poise. roo 

Tho VArlon~ instruments l>oin;: connected 
ond Allj uste<l lai the manner dcscrl bed, It wi II 
now be readily seen from the foregoing th11t 
under norml\1 cooditieus, the> device a bolng 
uoRITccted by I he disturbances, or practiCAlly ros 
60, And there ~lng no or· only 11 very lnsig· 
nlftCAot amount of energy stored to tho con .. 
deo!t'r, ~be periodiCAl closure of th& primaa·y 
circuit of tbe transformer ~brough the opern-
tlon of the .!e,·ice d 'will have no Apprecl~<ble 110 
ertect upon ~he primary coil1>, and hence on 
currents will bo genemted in the secondary 
coli s, at tense not such'" wonhl dlstnrb th" 
stnte of deliCAte bAlance existing In the sec
ondary circuit including tho r~ceivor, an<l 1 •s 
therefore the ll\tter will nnt bo actuAted by 
the bl\ttory .U'; but wbou, owing to the ills
turbAoces or Impulses propAgAted thronch 
tbo media. from n distant source, nu nddl· 
tlonal electromotive force, howovor Rm:.ll, Is 120 
created bctweou tho terminnl$ of tho dovlro a 
tho dielectric lflyors In the lii'RIO, unablo to 
support tho lncTC~~Se<l strnin, gh·e wny ntu\ 
11llow tho current of tho !JRttery U lo 1mss 
lh rou;:h, thus CtiUSiug A difference of (10• 125 
ten URI atlhO lernainal~ '1' aitd 1" of tho COR• 
denser. A sufficient nmonnt of onor:;y bolng 
oow dtore<l In this inslrontent clu ring Lbo 
tim& IntervAl bc~wceo C:\Ch twc sncceedlngop
ernlions of tho dovico d, Mch closur& ot tho IJO 
prlmnry cia·cuit by the hiller re•ults In tbe' 
p:.ss:i~o or a sudden current impul<~o through · 
~be coal p, wbich iodncos n corrospcndingcur· 
root or rolntivoly bigb cloetromotlvo force ln 
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the aecon<h<~"Y evils. Owirut to tbiH tlte di
.:lcc~ric i<~ tbo dovlco a' l!ives way, nnd th~ 
clirrtt:t <If the battery B' b~iog allowetl to 
pnss ~he receiver R is opomted, b.ut only fur 

~ a wo~r.er.t, since by tho rotation of tho de
vice~ ,1; a', aud d, wllid1 mny be nH <lri1·en 
from tho same shafr., t~e original conditions 
l\r6 rcs:o:ed, assuming, or ~ourse, lhnt tho 
~le<'troruoti,·e forceeet up by tho disturbances 

10 11t the termiunls of the sensit.i\'6 devl~e <• is 
only momentary or of 1\ dhration not Jon~ter 
thRll lbo t.ime of closure of the primary cir
cuit; vthenvise the rec<·h·cr will be 11ctnated 
a uumher or times nnd so long JLt.; the in-

1 5 Uuence of t.he disturbances upon the device a 
conti111ies. In order to render 1 he discharged 
ener;:-y of the condenser mor·e effective in 
<·xusi11;: the operation llf tho r·ecel1·er, tho re
~istnnce of the pr·imar·y drcui•shonld he ,·er·y 

20 ijtnnll and 1 ho se~omlary coil s ~hould h:we a 
number of. turus mnny lim~~ greAter th~n 
thnt of th~ primnry cOli]>. It will bo not~d 
tbnt Kin!!o t.ho condenser· under thoabovcM· 
Ktllnption. is •I ways chr.•·getl in U1o snme di-

15 t-cctionthe stt·on::-est cur·r·cut impulso in the 
secouu.tr·y coil, which i~ induced at the mo
ment when the l>t·ush k comes in rontact 
with se:unent e, is nlso of unchao~in&t dirC.C· 
t.io.lt, and for tho attain mont of tho bPs$ re-

30 1;ults it is necc.~AAr·y to conn eN the secondllry 
coil so that the elect rornot h·o forcP of this im
pnl•c will bo added to that of the !inttery nnd 
wlllmon•cnt ari lyst•·~n!!then thesnrn~. How
ever. u ndcr t:Gl'lni n conditions, wb ieb nro wei I 

35 nnuer·stoou b~· thoso skilled in the art, the 
,)e\'ICP8, '<ill operate whichC\'er way tho SOC· 
oud11ry he <'onnecteil. It is prefP..nblo to make 
thojntlucti\·o t'C>istAnces L ~nd 1/ relnti,'ely 
large,~~~ thPy nn• in a shunt to lhe Ceviee a 

40 nnd might, if mndA too smnll, irnpail· its sen
sitiveness. On t be 01 her luuul, tho resistance 
L' ' should not be too hu·go nnd should lHl re-. 
!a ted to tho <'~pncity or 1 ho condenset· and t.bo· 
number of rnnkcs nou breaks effected by the 

45 dc,·ice <I in well-known ways. Similar con
siderationR apply, of con rse, to 1 be circuits in
cluding tho primary p and secondlit'l,' s, re
specti I' ely . 
. By carefully obsen·ing "'ell-known rules of 

so scientific design and 'adjustment of tho in
struments the nppar~tns may be mndo ex
tremely sensitive 11ud capable of respouding 
to the feeblest influences, tbus making it pos
siblo to utilize impolses or disturbances trr.ns-

~S mittcd frorn very ,::•·eat 'distances nud too 
feoblo to be uet~etecl or utili?.ed in any of tho 
w11ys heretofore known, and on this account 
the :nolhod beredescril.>ed lends itself to :nnny 
scloutitic and practical uses of great vnlno. 

6o Ob1·iously tho character of the del' ices nnd 
tbq manopr in which they lire colloectcd'or 
related may be :;rcntry varied \rlthout depart-
loll from tho epirit of my invention. · 

Whnt I claim ns now, Rod de.~ii-e t.o sccuro 
• 6s l.>y !.etten; Pntent, is-

1.- In an_nppnrntns for utilizi.og eltcct$ Ol" 
disturbnMe& trausmitted tbrongh tho natural 

mc•l in fl·om ad i~tnnt sou reo, ihe com bi untion 
o't an electricnl storAge device, n charging
circuit connected thor·ewith nnd includiug a 70 
cle\·ico s~nsit.il·o to the nctiou ot tlte effects or 
d !stu rhn II<'OS nnd determining 11 nder tbei r 
control the flow of current in 1-he chnrging
circnit, n recoh·ini(·Circuit including a •-e
cch·ar·, nnd menns for peri'1uiCBlly dischnr-;:- 75 
lng the ~to rage del' lee thr·ough tho re<'eiving
c·ircuit, snbstllntlnlly ~~~described. 

2. Innn >\ppar·atus tot• ntilizin::: etr~cts or 
dist u r·bll'oces trnnsml tted thronl;h tlle.uRtnral 
media !rom'ndistnnt sourr.~,thecombinntiou So 
of 1\ condenser, 1\ charging·circuit connected 
therewith nne! iueluding a son•-ce of electric-
ity nod n dqvico sensil i l'e to the nction of the 
effecL, or rlistur·bnoc~s and •le!e1·inining un
der their control the flow or cn•·r·ent lu the 8~ 
chnrging-circnit, n reccil·ing-circuit ioclc<l
lng 11 receh·or, auu mc;\ns for periodicnlly 
dischRr·glng tho condenser th;·ongb the ro· 
ceiving-circuit, substnntially I<S dcscr·lbecl. 

a. In an npp,nrntus for utilizing effects or 90 
<listnrha nc~s tl'l\nsrui tted t hr·ongh the nal)r ml 
me!lin from a distant soor·ce, the comblulltion 
of a circuit including n source of olccl·ricity, 
n stoi'Rgo device nd:tptcd to be chRt·gecl the•·o-
by nnd n dovico normnlly of ,·cry high ro- 95 
sistance bntndapted to have its resistaoco ro
dnced when 11ctcd upon by the effects or dit· 
turbances, with n recciving-cir·cuit connected 
with tho stornge de\· ice and inclu<linl( n re
cth'e:· nod a U6ViCe aunpted tO Open and CIOSO I 00 
tho receiving-circnit nt prodeter·mined iutet·
Yals of time, subst•tntially as described. · 

4. In an nppnratus for ntiliziug etrect.S ot· 
distmbancos 1 raosmittctl tb rough tho nil! u raJ 
rnP.uin from ndistan t sourc~. tho combination 105 
of n circuit including a sout·co of olcctricity, 
n condenser nnd n device normally of very 
high rcsistauco bnt ndaplcd to bave its re
si~t:mee reduced ~<'hen acted upon by the et· 
fects or di•turbanc08', with a receiving-circuit t>o 
connected with the condenser nod including 
n. receiver and n devine ndapted to open nnd 
close tho roceiviog-circuit at predetermined 
intervals of time, substnotinily as described. 

5, In en opparlllus for utilizing effects or ··us 
disturbances trrcusmilted from a distant 
sour<'e, the combination of acir·cuitincludiog 
n soorco of electt·iciLy, a storage device adapt. 
od to bo charged ~hereby and a dal'ico, nor
ru:,Jiy or ,·ery bigb resistance but ndapted to 120 

bnvo its r·()Sistnuce rednce!lwben act.ed upon 
by the effects or d istu rbances, with a receiv· 
iug-circoit connected with tho storage dGvice 
and including tho primary of a transformer 
!•nd a device n<lnptc<l to opoo and close such us 
secoud circuit at preuet~rmiuod lutervnls of 
tiwo, nuda receiver lnolucl<ld in the second· 
ary of ·tho transformer, substantially ns do_. 
scribed. 

G. In an apparatus fot· utillzing e!rects or 130 
distnrbnuces tJ;Msmitted from n distant 
source, the combination of an electricalstor· 
ago device,a cbnrglng-clrcnitconnected there· 
ll'itb and lncludif!g a <levico seusitiYe to the 
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RCtion o! lhe ctrcc!.s or cllsluro:tncc., nod de
termining under their control tbo flow or tite 
cut•reu~ lr: the chnrt:ing·Cil'Cllit,l\nd n rcceh·
iog·ch'Cnit supp:icd wi.Lh cnc•'f:Y ft'Om the 

s Mor~ge cle,·ice and inclmlluc n receaver sncl a 
devi ce sensitive to elect riM I \'1\rlntious in tbe 
t-ecei ving-cia·cnit, substantially nt. deacribcd. 
· 7. In an nppnrntlls for utilizing ettects or 

disturbances 1 rnnstnil ted tbrongb tho natuml 
to wed in from a clistantseurcc,thecembiontion 

of n t ondeoscr, a chnrgao~:·ctrcuit connected 
therewith "nd inclucling n clevico IIOMith·e to 
the aotion of tbe effects or dlstnrbllncos 1\nd 
determining under their control tho- l!o\9 ot 

•s tho curreottn tllo char::iog·drcuit, anc\ n r&
ceivang-ci rcnit supplied ••ith energy from tbo 
condonsor nod iucludioc n l'ecelver nml a cle
vlco eensi th·o :o electrical \'llrintlons In tho 
receiving-cir~ult, SJtbstantinlly n.s described. 

•o 8. In no apparatus for utilizing effects-or 
distu rb~ocestrunsmltted through thenntur•al 
med ia from a diiitant son reo, the comhinaUon 
or 11 circu it, un indepqndeut loenl eoorce ot 
electricity included tboreiu, 1\ etorngo device 

•s connecred with lbo said ci:-cuit noel adapted 
10 rccei ve euer{!y from tbe t~sid source, 1'. do
'' i~o uorounli)' or ,-'cry high reSI$tr.nce, bilL 
nc.lllfHC<I to h1II'O its resisti\OCe rodncecl rrhen 
IIC!Cll II pon by LitO effectu or distnrbnUC6S, II 

30 a·ocelv!n;;-circuit connected l'.'iLII tho storago 
del'i~. a ta·nosformer, the prim nry or which 
Is lnclll~cd in snid recei \'i DZ·Circnit, A clevico 
ad11p1~d 10 open and closo tho rccol\'ing-cir
cuiL 1\t proolotormined inten ·ntsor lime, are· 

35 ceh·or, 11uJ n cevice, normally of ''<'ry blgb re
elatnnce, llut :ulnpted 10 hll\'0 Its resistnnco 
reduced ..-hen ncl<-d upoo b)lbe ctrects ordis
lorbl\uces, nod included in thcaecooclarycir· 
CII IL of Lito Lrnnsformer, lUI set fo-rth. 

40 !l. In no nppnratus for ntill~ing effects or 
di8tllt'bl\nCP~ II'I\OStUitted frOIU 1\ oJiSli\Dt 
source, tbo co mila nntion 10 ith 11 storage clovice 
nod 11n Independent source ot onergy for 
cbnrglnt: the snmc, ot n reeeivlng-circuitcoo-

45 occled wi~h the SIOr111:e device, 11 devico aao
eltlve to the effects' or clis~urbaoces aodde· 
termloing ooder tbeir control the tlow of cur
reoL io the receiring·circnit, snbsumtially ns 
aet forth. 

so 10. In 1111 npparnws for utilizing olfects or 

dlsturooncee trnnsmit!.o.:lth ,-,::n:!lt t:ro ntltnrnl 
ooe<lla from n distant souree, Lho c~: 1binr.tion 
with a &lorage deviro :md an i:nlCI)(Indent 
IIOUN:O O( Oner;:y for Chllrgioog LUO 1\11100, Of 1\ 
a·ccel\·log·ch'Cnlt coonectec.l wi r.h the sLOr~e ss 
del'ice, n do•·lce seositivo to tho ofTcct.s or· 
cllstu rlloncos 1\lld adRpteil In hnvo its rcs1st.-
11Mo ''Mied lJy the nction thoreoo or such. 
oftecte or dis~urbaoces and determining uo
der their control :be flow or curron~ in tuo 6o 
receiving-circa it, snb3tnntinlly ns eo~ forth. 

11. lo 11n Rppar~tos for utihziog el!octs or 
disturbftncca t ranamitt.ed from a distant 
source, the corohlnntloo of n storage do,•ico, 
11 bauery or similftr lodepeodent source or 6~ 
energy tor chargins the same, o seusi~ivo do
vico 11dnplod 10 lutve it.s resi~tanco vl\rlod un
der tho infiuenco oC llle c!Tocte or cl i:>turb
nnces, n receiver adl\ptcol to bo oporRted by 
the discharge or tho storage dovico, the sen- 70 
sitlve device bolog In ooo llrancb of a Wheat
stooe bridge, tho storage device in ooe or tho 
cross coooectioos bo~ll'een two opposite polo!$ 
of t he bridge, and Lhe bat:.Ory In tbe other 
crosa conoootlon, end r63istaoces L, L' and 75 
L" In the threo remRioio~; branches of the 
bridge, t.s set forth. · 

12. I o 1\llllpparatos to: nti!i~lcg o!Tects or 
distarbnnces transwitted l urou:;h tho nato rnl 
media rromn distant sou reo, tbo coUiblnntion !lc 
or a 8torago do vice, a · battery or like lnde
poodcut source of energy for char~tiog tho 
same, 11 soosltlvo device ndepted to b!Wo its · 
resl!t.ance ' 'nrl.xl under tho luDococo of the 
eaects or disttlrb:wces, a circui t connected 85 
with tho terminals of the storngo device, 11 
transformer having its prironry in said clrcoi~ 
nod a receiver lo tho aecond11ry circuit of tho 
trausfortoor, the sonsilivo device being lo one 
brnocll or n Wheatstone bridge, tho stomge 9c 
derlc& iu ono ot tho cross connections be· 
tween opposll.ll points of t~e bridge nnd the 
battery In tbo othor cross coauoction, nud ro· 
sistancos L, L' 11nd 1," in the throe r~mninin~ 
brnncbes or tho bridge, ns eoL forth . 

NIKOLA 'J't:Sf.A. 

WitnoS&es: 
E. A. SONDERLI:-1, 
D. D. s..O!lD. 
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1'o toll whimt i.t may concern: 
Ue It koowo thnt I, NIKOLA TESLA, n ciLI· 

zoo or tho United Stntes, residing at the bor
ough of Jlfao hattnu, in tho city, county, and 

S St.ateof Now York, hn\'O invented corte in now 
and usofn! lmpro\·oment.S in Means for Io
creasin:: tho Intensity of Electrical Oscilla
tions, or which the following isn specification, 
reterooco being hnd to tho drnwings accom-

Jo pnnying aod forming pnrt o• tho same. 
In many scientific and practical uses of 

electrical impulses or oscillations-as, for ex
ample, in s~·stemsof transmitting intolligooce 
to distant point6-it is of :;rent 'mporttlllCO to 

r s Intensify as much ns pcssiblo too current irn
pnlses or vibrations which tire produced in 
'be circuits of tho transmitting and recei\·
in:: instruments, particularly or tho latt~r. 

It is well known that when electrical im-
•o pulses 11re imp~ed upon a circuiL adapt.od 

to oscillate freely th~ intensity of the oscilla.· 
tions developed io the Sl\rno is. dependent on 
tho mllgnitudo.of ·its physical constants and 
tho relation of the periods of the impressed 

•s nod of tbe freo.oscillations. , For the ntt-ain· 
mont or tho \>est result it is nocessl\ry tbat 
the periods of tho irnpre_ssed should be tho 
s.~me as that of the free oscillations, u nder 
which conditions the intensity of the latter is 

JC greatest and chiefly dependent on the induc
tance and resistance of tbo circuit, being di
rectly propo rtionate to tho former and in
vor,soly to .tho latter. In oroer, therefore, to 
intensify tho impulses or oscillations excited 

JS In tho circuit--in othor worrls, to produce tho 
g reatest •·i5oof current or clecLrical pressure 
ju the snrne-it is dcsirnble to mako its in 
~ net.,nct\:tS Jnr.zo 1\ ud its resistance nssmnll as 
pmcticnblo. Il:wiog this end in vieiYI hnvo 

40 devised and used conductors of special forms 
and of •·elnti\•ely very llt1·ge cro!IS-section; bat 
I have found that limitetions oxist in regard 

1 to the inercasoof the ioducll\nee ns well as to 
the diminution ·or tho resistanco. This will 

45 be understood n•ben it is borne in 1niod that 
t.ho rosonaut l'~&e of cut·h)ut or pressure in 
n freoly- oscillflting circuit is pr-oportionnto 
to tho fre11nency of tho impulsos .aod thnt a. 
!:-;~·gc incluctnnco in geueral involves n slow 

so \'ibrntion. On the other hnud, 1\n increase of 
th~ st·rt.ion of tho conductor with tho object 
or rc<lucing iLS r~sis!.."\uco is, l.lcyonU n cert..'l.in· 

limit, of litUo or no val no, priucipal)y because! 
electriCIII oscillations, particularly those of 
high frequoncy, pnss rnnioly through tho au- S$ 
pcrficin\ conductio:: layers, and while it is 
truo tbnt this !lrnwiJnck ruRy \>e O\'ereome lu 
a measure \>y thoeruploymcot of thin ribbons, 
tubes, o•·strnuded cnblos, yet in practicoothor 
disl\dvantnges arise, which oftou more than 6o 
o!lset tho gnin. 

It is a well-ostn\>lisbed fact thnt as tho tem
peratu roof a mot.al!ic cond ucf,Or risos its elec
trical resistsnce iocrel\ses, nod in recognition 
of this constructors of commorc!nl electrical 6s 
applll'atns h:we horotoforo resorted to m11oy · 
expedients for preventing tho coils nn!l other 
pari$ of thosamo from becoming heated when 
io nse, bot merely with .a \'iew to economiz
ing energy nod. red ucing theeost of construe: ·7o 
tion and operation of the apparatus. 

Now I ba\'(l discoYercd t!1at whon a circuit 
adapted to vibrato Creely js maintained 11t 11 
lo\v tempernturo 'tho oscillations excited In 
the same nro to an extraordinary degree mng--,75'. 
nlfied and prolonged, and I am thus enabled 
to produce ml\oy valuable results which ha'l'e 
heretofore b~cn wholly impracticable. 

Briefty.stlltod, tben, my in>entian consists 
in producing a great increase in the intensity So 
and duration of the oscillations excited inn 
freely-vibrating or resonating circuit \>y main· 
tei ning the same at 11low temperature. 

Ordinarily in ·commercial apparatus snch 
provision is made only with tho object of pre-:Bs 
venting wnstofol boating, and in nny· event•' 
its influence upon tho intensity of tho oscilla.
tioos is vory slight nnd practiclllly ocgligiblo, 
for as a rule Impulses of arbitrary frequency 
are impressed upon a circuit., incspoctive of 9~ 
its own free vibrations, nnd a resonant riso Is 
expressly nvoidod. 

llly invention, it will lJo understood, docs 
cot primarily coulomplll'te the saving of eo· 
ergy, lint aims 1\t the attainment of n dis· 95 
tiuctly novel and \'a! nnl>lo resn I !.-that is, tho 
increase to tho gn)atest practlc.nblo degree of 
tho intensity and dn r"tion of fr·eooscillat.ions. 
It may \>o usefully I'IPI>licd in nil cases whon 
this spccinl object is sought.; hut .oiTers ex- Jor 
ceptiooal ndvnntngos in those instnnces in 
which the frcoly-oscillnting discharges _of 11 
conilonsor nro utilized . ' 

The \>est nnd most eou,·oniont mnnncr oJ 
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• 
cnrrylng out tl:o invention of which I nm now oft~n. howevet", th& condWons may bo such 
nwnro is to snrroond thefrcely-vibratlng!!ir· I hat the gain sought is not re:.lized ilirectl,1 
cuit or conductor, which is to be mnint.~ined by diminishing the resistAnce of the circnit. '" 
nt a low tempera ture, with a suitable cooling In snob cases the skille-d expert who eppll98 

5 med ium, wlJich mny be auy kind of !Jeeziog lua invention will turn to a4va ntage the 1'6-
mixtnre or agent, such as liquid n!r, and in dnclion of resistance by using a correspcnd
ort!er to <leri·;o the fullest benefit from the ingly longer conductor, thns securing a mnch 
i mprovement tho circuit shoitld be; primarily t;reater salt-induction , and under a li circum- 75 
constru.cted so 11s tp have tho greatest pOS$1· stances he; will determioo the d imensions of 

!o ble soH-induction and the sm11llcst prnctica- the circuit., so as to get tho greatest value•of 
ble resi~tanco, and other roles of construction the r11tio of its inductance oo its resi~tance, 
which nre now r~coan izeu should bo observe<!. which determines the lnton~ity of t ho ! roe os
Fo•· o.,aotple, \Vhen in a syetom of transmis· cillatious. The vibrations or coil B, grc;ntly So 
fliou of ~nergy for a"y pnrpO!IO through tho strengthened, spread to 11 distance and on 

1 s nl\t nralmedin the trAnsmitti ng 1\nd receiving reaching the t unod receiving-con<lnctor ll' ex: 
cond nctors arc; connected to O&>"th 11nd to no cite corr<!Sponding oscillations in tho atune, 
in•u lnt.e<l terminal; rGSp<>etivoly, tho lengths which. for similM reo.sous a re int.ensil!ed, 
of t hose conrlnctora should bo an,e-qruu·ter of !with tho •.~su:t of !ndoci n;: col'Tespondlng:y Ss 
the wRve length ol the clisturbance propa· stronq-c;rcurr<·nlsoroscillnUons In circuit A', 

oo gl\ted throogh them. ' !ncl naing tho recoiviug device. Whon·, as 
In tbe nccomp>LD yiog drawing I have shown tOR'! bo the caso in tho transmission of iatel

;::rnphicnlly a disposition of apparntus which Jig(ble signals , the circ uit A fs pcriodie~~lly 
may be·used in armlying prllctically my in- closed and \'>POMd, the e!!ect upon tho re· 9" 

< ven tion. · . ccivor is heigbteoe\l in.thG manner above de-
•s Tho drawing illus trates io pe.rspccti1•e two ·scribed not only because the impulsos In the 

dev ices, either of .,..hich mny be the transmit- coilsB and ll' arestrengt.beued, but a lso on a<J: 
tcr, while tho other is tho receiver. In each count of their persistence through n longer 
there Is a coil of fe1v t nrnsnnd lo1v rosi~tan co, foten•nl of time. Tho advantages oiiored by 95 
(desig n11tc;d itt one by A 11nd in the othor by tl)o invcution are still more folly realized 

so A'.) Tbe former coil , supposed to ~form· whon the circolt A o! tho tr~nsmitror instead 
ing part o! t ho transmitter, is to be connected of having impulse~ of au a rbitrary frequency 
witb a sui table source et cnrrent, while tlio impressed uponitisitselrpermltt<!d oo vfbrotG 
latter is oo bo i ucluced in cit·cn it with a ro- nt its o.,..n rnto, and more pnrtieulnrls ~o if it ·to~ 
coi ving devicot I u ind ucti vo relation toO sni<l be c;ncrgizcrl by tho frooly·oscillnt:ng blgh-fro-

JS coi ls iu each lnstru u1Cnt is a flnt ~pirally- queneydischargesoCncon<lense r. In sucha 
w<>u ud coil t3 or 13', one tc;rmioal of which is ·case tile cooling of tb.ecou<J,uctor .A, which may 
shown as cou uccted to a ground-plate C, while be effected in any suitable mnnner, results In 
the; other, lending from the cooter, is adllpt.ed an extraordinary magnification or the osoiliA· rc5 
~o be connoct.e<l to nn insulated terminal, lion in the resonnting-ci rcuit B, which I at·· 

40 which i.sgoncrally maintained at an elevation tribute to the iucreued intensity as well ns 
in tho air. T he coils B B' II!'& placed in in- gre11ter· number of tho high-frequency o_scilla
sulating ·receptacles D, wbicb cent~ti n the tion•obtained in thecircuit A. '£berocelving· 
free;ing ngont and aronnd which the; coils A coilll' is energized stronger in propor.t4on and t tO 
and A' are wouod. · induces currents of g rantor intensity in the 

45 Coils in the form of a fiat spiral, such ns citcuit A'. n iR evident f1·om the above; that 
thoso doscribed, are om·ineotlysuited for tho tl1ogroatertheuutnbor orthe!reoly-vibrating 
vrcuuctiou of free oscillations; !Jut obviously circuits wbicb nlterna toly receive and trans· . 
con<lncro t-s or circuits or au v other form ;nn.y mit energy from one ro another tho greater, tl $ 
be; used, if desh eu. • relatively, will be the gAin socared by appljr-

so Frow tho foregoing the operation of the ap- iog my inl'entien. 
pnratns will now be readily undersroo<l. As- I do not of course iuten<l ro limi t myself to 
tiUm o, fi rst, as tho simplest cn.so that upon tbG speoiOc mnunar 11nd mo~ns described of 
tho coil A of the transmitter impuiSGS or os- artifirial cooling, nor tO the particular forms 1 2 0 

cillntions or an at·bitrary frequency and irro- nod arraugoments of the circui ts shown • . By 
.ss ·spectivc; of it.s own free vibrations are im· taking advantage of tho fncts above poi11ood 

prossed. Corrcspondingosclllations wili then out and ·of the m GaDS described I have found 
ltu induccd-iu the circuit B, 1vhich, being eon- it possible w secure a rise of electrical pr es
strnctedand ndjasted,as before iud!oated,so sura in an excited circu.ib very tniiQY times i25 
r"' to vibrate at tho same raw, will g-reatly greawr tbo.n has horctoforo been obf.~in:~ble;, 

6o m.aguify tbe:n, tho increase being directly nod this rosulr. makes i t p racticable, among 
J>ropol·tionnto to tho prod ucto! tho frequency other thi ngs, to grontly extend tho d istaoco 
of the oscilla tions and tho inductance of cir- oftransmissionofsignalsaodtoo:tcludomuch 
cult ll and inversely oo the resistance of tho moro olrcctivoly iu torfcronco with the samo 
ltttt~r. Ot_l:ierconditions remaining the same, tbnn bas been possible heretofore, . · 

Gs tho.tntotu•~~ of t~o osc.mations i_n tho rcso-~ Having now described my i01·ontion, whnt 
nntlllg-c trcutLil w111 bo lncrensod tn t he same I claim is-
propcrtion as its resistnnco is rcducO<J. V c ry I. Tho combination with ·a cirouit n<lnt>!cd 
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• to vii.Jrato rrcely, or moans for artificially cool-
ing tho SRmo to a low temperature, liS herein 
set fOr~h. 

2. In an apparatus for transmitting or re-
S cdvingelectrical impulse.sorQscillations, tbe 

combroalioo with a pr_imary and n secondary 
circuit, adapted to vibrate freely in response 
to the irppressed oscillations, of means for 
artificially cooling the same ton low tom~ra-

•o tnre, n.s herein set fort-b. 
· a. In a system for the transmission of elec
trical energy, a circuit upon which electrical 
oscillations are impressed, and which Is adapt
ed to vibrate freely, in combinntlon with 11 ro-

tS cep~acle •contninlog an artificial refri~ernnt 
in which said circuit is immersed, liS noroln 
set forth. 
· 4. 'l'bo menus of increasing the intensity 

of the ole~trical Impulses or oscillations lm
Jo pressed upon n frooly-vii.Jrnting cil·cnit, con-

sistlng of an artificial refrigcrnnt combined· 
with and applied tosacb eircuitand adapted 
to maintain tho same at a Jo,• temperature. 

5. Tho means or inlonsifying nod prolong
ing the electrical oscillations produced in a 25 
freely-vibrating circuit, consisting of an arti
ficial refrigerant applied to such circuit and 
adapted to maintain the same at a uuiformly
low tem~rature. . 
· 6. In a system for the transmission of en- 30 
ergy, a series or transmitting and receiving 
clrcuit.s adapted to vibra~e freely, in combi
nation with moans for artificially maintain
ing the snmo at a low te10p~mturo, as sot 
forth. 

Nl i\OJ.i\ TESLA. 
Witnesses: 

JOHN C. l{Eiln, 
M. LAWSON Dnm. 
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To oJ I wl•fiu• it m.ay Mnr,.~l>: 
Ho it known tlu1t I, :-IJKOI.A Tt~~I.A, 11 citi~en 

o r the llnitcd Stnl(ls, re.~idin~: in tho·oomugh 
o f i\lnnhattnn, in t ho city, county, and State 

s of Nnw York. hn,·eui!'Covcl·cd n new nnd n;;eful 
l1111>rovcment in thcArtof Tmn•mittin~r J<:lec· 
tricul Energy Throu~:h the NnturAI Media. of 
which the following it< a SI>CCilie~~tiun, rr.fer· 
~nee llein~r hnd to tlledrnwin~"'"cwmpno.\·ing 

10 ~n•l forming a part of tho snme. 
It is known sine" a lon~ lime thnt electric 

-cnrn•nta . mny I>~> pr<>pn),~lt(l(l through the 
~nr!h. llnd this k nowlcclgc ha• boon ·uti lized 
in mnn.v wuy~ in tiH' trnnsmi"-<iun of signnls 

t s nn<l th" uprmtinn nf n \'lll'ict.\' uf recci l'in~: tic· 
vicM l"cmuw from tho source of energy, 
mninl,\· with th~ object of <li~1>en•i n:r with " 
t·t~t.m·u C'ond uct.ing·wir('l. It is nlso known thA.t 
elo.ctricnl di<tnrhtlncc.• nm.v bo tn111smitted 

: o llu·on~:l1 portions of tho rrlrlh lJy groumlin~: 
on I,,· one of th~ p<>los of U1o 1<0urcc, ami this 
fact I ""'''' mnole u!'C of in S,\'Hlem~ which 1 
hr.ve de,·i,;col for the purpcP'C\9 of tn1ns1uitting 
thron~:h' tl1~ nntun1lmodin intelligible signals 

•s nr power'nml which n1-c now fmnilinr; !Jut all 
OX IM'I'i llll!\1 L~ lint I 0 lJsOI'\'1\ tions IICI'CIII r 01'1\llllll lc 
h~tvo trnol<,.) to conlirm ~he opiniou held by 
th~ mniodt,\' of sci.,ntilic men thRt tl10 Clll'th, · 
Ol\' lng In its i1un1enso r.xtont, nlthuu~rh I>Us· 

30 ~'il'in~: coudncting pi'\>IX'rtic~. due• not lle· 
lui\'<' in t!ae mnnn~r of n conolucl.<lr of limited 
,)im~MiotL< witlt rOS1>ect to the oii~turl•tncc."< 
proo.lncccl, bnt. ·on tl>~ eontrnr.v. :uuch like a 
vMt.l'l,;el'\·oir or ocean. which while it may be 

J S IOCJ\IIy distnrhed hJ> a 0011111\0tion of some 
kind rt•nmiu .. -c unrcstKtnSi\'O tllttl quiescent in 
n lar~:e IIIII'( or"' n whoh•. Stillanotl1e1· f11ct 
now of cumnwn knowledge is that when elcc· 
tricnl wii\'C~ or O.'Cilh1tinM n1·o huvressed Ut)()n 

40 Ruch u cnllllucting ·path n.~ il metallic wia·c· ro• 
llcction t11kcs' place undca· ce1'tnin condition!-! 
f rom the <!ndsor the wire, nnd in oonsequenoo 
llf t.Jac intcrfcren<:(' .of Ute impre.'\SCU andre- · 
Hrcte<l osciiiRt.ions t~1e t>henomenon of ''st&· 

-IS t ionary waves" with maxima 11nu 1ninima in 
dcllnite lixeu .positions is producctl. In ttny 
cast• the ex istence o f these waves indicutesthat 
•ome n f the ont.goin~wt.,·cs have rCil<;,lled tho 
\x)llm.hu·ies o f• the conducting· path 11nd' have 

·So lle~n rotlocted ofrom·. the sa1ue. Now I hnv.c 

<liscm·crcol thn~ notwithstilndirl~ it~ \'M~ oli· 
mcnsions nnu cont nlr.\' to nil i>l>.'!Crm tions 
h"'·etoforc mn.lo t he l<!rl'est rilll rlnhc 1\111.\' in 
A IIII'I{C IIIII'~ Or 119 ·a whole llehti\'C toWI\1\IIIi~· · 
t111·bnncos iml>l"e'lSOtl Ut>On it in t.he AAruc IIH\11· H 
ner tt< 11 contlnct.nr of limii.C<I si1.e, thi< fnct 
bein~ al••mon~~mt.t~l b.\' · no\'d 1>hcnomcn:o., 
which I ~hnll hereinafter •l=ril~. 

In the conn;o of rerrnin in•·M~ia.'tltion" 
which I rnrril'<l nn for the t>Ufi><N' of ·~udyin~ 6o · 
tho elf~ct.~ of li~thtning di:<chnr~:!ll! upon the 
elcetl'icnl <'umlitiun of t.hc eJII'th 1 ob~errc.l 
thnt ·~ell]Ci I j \'0 rt'Ce j \"i ng iw.::[ l"IIIIICU IS l\ I' ril H~!\'ll 
w ns tn bt• cnpnblo uf re.-)K>ndin~: to l'll!tll'it'll 
.tiswa·l>nnco<' crcnte<l 1 •. ,. t-ho .ti~clllll'~te" nt Gs 
time.~ fnih'<lln rc<pnntl wh~n tlw.r~11onhl hn\'l' 
done so. 1tnd upon inttui rinJ: into the ('UH~C!'l 
nf thi~ IIIH~XIIOCteol hclul\'inr I oliSCO\"C<"Cl) it to 
be duo to tlh' clmL,tctrr of tl1c o•lt'ct rico1l wn,·os 
which. were prtKIU<'t'<l in tho cnrth b,\' 1hr. 70 
lightning •lischllrl.rc< nml whid1 luul n••lnt·rc· 
gion~ follnwin~r nt tlclinitNii~tnnces lht• shift· 
ing wurcc' of the oli,.turl>:mce:<. J:.'ru111 .!ntn 
obtllin('tl in 11 Jnrgu 1mmbor of ohsc'n'lttinn...; 
uf tha mnxim11 ltntlmiuimn nf thc."<l Wl\\'1$ } 75 
found thcio· h•lll(lh t.<> m r,\' npproximlltt•l>· . 
fi'OII\ tW<'nt.r·lin l tn ~\'Hilt)' k ilumrtcr•. nn•l 
thcstl rc~ult.'l nnd ci•rla in tlwlll'ctiClll , ,lr,luc· 
ti11ns IO<I Ill<! w tho eonclnsion thll~ wnn·s of 
this kinJ mn.,· l>c l'r"l'"l.'l\1<'<1 innll<li l-cclion< So 
0\'Cr thO l()uhu awl tlmt. the,\' IIIII,\' 00 Of still 
mo1'0 wiolely tlitfcrin:: l~nl{lh:<. till' rxtrcnll' lim· 
iiS llein)! illllll"'<)tl hy th.- phy~ienl•linh'll~iou; 
nnolpn>ttttrtic.• of thcenrth. Ht•Ct>l:ll iY.in~r iu the 
OXiStoll~'C or the.o;e Wll\'t'S t\11111\llliSIIIklllJil• ('\'i· 85 
o.lcnco thn~ tho Llisturbanc•" cre•ltool hnd ·bc~>n 
comluci.C<I fi-om thci r oril{in w 1 he most rc· 
mote poa·tion~ of the g loho nml hncl 'L>eeu 
thcncn rol\ccto.l, I concciVtlll tho id~n of 1"'" · 
dncing such Wll\ '1)8 in the t•m·th h.1· 1\l'lilicial 9 0 

means with the object of ntilir.ing them fur 
nlnn.v U&)ful pnrt>oso.• for which tho.v Rl'e o>r 
might bo fonn•l RIIPiicnblc. .This prulllrm 
WM re'nuca·ed extremely dillicnlt ow in~: to tho 
immOn!Ml dimPnsions of tho p)nnct. ftQI) COI\SQ- 95 
quentl.v enormous movemcn~of electricity or 
mte Rt which olecttir.!ll cnerg.v had to ll•~ ole· 
lh·crcd in order to 1\lll>roximnte, even Inn 1'0· 
mote degree, movement.~ or rntai which aro· 
mnnifo.,tly 11ttnincu irr 'h~ d isplays or elcc· 1oo 
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trical· fol'ces in nature and •vhich-seemed ·at lJ:-· me and not well known; but when it is de
first unrealizable by any human agencies; but sired to procluce statiopary 11:aves of great 
'uy gradual and continuous improvem~nts of lengths an alternating dynamo of suitable con· 
·a generator of electrical oscillations, which I struct.ion may be used to energize the primary 

5 have descriued in my Patents Nos. 645,576 A. ()is a spirall.v·wound secondar.v coil with· 70 
·and 649,621, I finally succe.Oed in reach in£ in the primary having the end nearer to the 
electrical mo,·ements or rates of delivery of latter connected to the ground E' artd the other 
electrical energy .not only approximating, end to an elevated terminal :K The physical 
but, as shown in 111an.v comparath·e tests and constant..~ of coil G, determining its period of 

ro measurements, actualb· HtrpRSSing those of vibration, are so chosen and adjusted thatthc 75. 
lightning discharges, and u.r means of this secondary system E' () E is in the closest pos· 
apparatus I have found it possible to repro· sible resonance with the oscillations impressed 
duce whenever d•.sired phenomena in the earth upon it b.v the primary A. It is. moreover. 
the same as or similar to those due to such of the greatest importance in order to still 

1;; <Jischnrges. With the knowledge of the phe- further enhance the rise of pres.~ure 11nd to 8o 
nomena disco,·ered b.,. me and the means at increase the electrical movement in tho sec
command f<>r accomplishing these results I ondary system that its resistance be as sml\ll 
am enabled not only to carry out many opera· a~ p·racticable and its self-induction as large 
tions by the use of known instruments, but as po5sible under the conditions imposed. 

:o also to offer a solut.ion for man.v important The ~rround should be made '•ith great care, 85 
problems invoking the operation or control with the object of reducin~r its. resistance. 
of remote dedces which for want of this Instead of being directl.v grounded, as indi
knowledllf' and the ausence of t hese means cated, the coil C may be joined in series or 
have heretofore ueen entirely impossible. For otherwise to the primary A, in which ca...'!C the 

>5 example, by the use of such a generator of latter will bo connected to the plate E': but go 
stationary waves and receivi ng apparatus be it that none or a part or all of the primar.v 
properl.r placed and adjusted in any other lo· or exciting tu rns are included in the coil () 
cality, howel'er remute, it is practicaule to the total lenl!t.h of the conductor from the 
trnnsmit intelligible signals or to contr()l or ground-plate E' to the elevated terminal E 

30 nctuate at will an.\• one or all of such &!>)Ill- should be equal to one·quartr.r of the wave 95 
rntus for man.\' other important and ,·a lunule length of the electrical disturbance in thesys· 
purposes, as for indicating wbere•·er desired tern E' C E or else equal to that length mul- · 
th~ correct time of Rn observator_,. or for ns· t iplied by an odd number. Th is relation be
certaining the relative position of a bod.1' or in~ observed, the te~minal B will be made to 

35 distance of the same with reference to a given comcide with the points of mRximum pres· roo 
point or for determining the course of a mo••· sure in the secondary or excited circuit, and 
ing object. such as a vessel at sea. tho distance the greatost tlow·of elcctricit.v will take place 
trn.vers.ed by the same or its speed. ot· fot· pro· in the same.' In order to megni f.v the elec· 
ducing many other useful Qtfects at a distance trical movement in the sccondsry as much ·as· 

40 (),,pendent on the intensity, wave ]Qngth, di· possiule, it is essential that its inductive con- >os 
rection or velocity of movement, or other fea· nection with the primary A should not bo 
ture or property of distur·bances of t.hischar- v~r.v intimate, as in ordinary transformers; 
acter. . but loose, so as to permit free osciliMion....: 

I shall t.ypicall.v illustrate the manner of ap· that is to say, their mutual induction should be 
1' pl.vinK m.v cliscol'e.ry uy describing one of tl)e smt1ll. Th~ spiral form of coil C secnrcs this r to 

specific uses of the same-namely, the trans· ndvnntnge, while the turns near the primar.v A 
mission of intelligible sijlnals or meosages be· arc suujccted to a strong inductive action ancl 
tween distant points-and with this object ref· de,·elop n high initial clectromotivP. force. 
crence is now made to the accompnnyingdraw· These adjustments and relations ueing care· 

so ings, in which- fully completed and other constructive fea· 115 
Figure 1 represent..~ diagrammatically the tures indicated ril{orously ob>erved, the elec· 

generator which prOduces stationary wavrs in tricnl mo\•em.ent .produce<l iu t.he. secondary 
the .carth,and Fig. 2 an apparatus situated in system by the inducth•e action of the prim~t·x 
a rt'mote locality for recording the effects of A will be enormo~sl.v magni fied, the increuM 

55 the'se wnves. bcingdircctly'proportionate to the inductanr~ l:o 
I n Fig. 1, A designates a primary coil form· and frequency and im·crsely to tho resistance 

ing part of n trnnsrormer and consisting geo> of the secondary system. ' 1 have found it 
erall.r of n few turns of a stout cable of inap- practicable to produce in this manner an elec· 
precinule ;esismnce, the · ends of which are trical movement thousands of times greater 

6o' connected to the terminals of a source of pow- than the initial-tha.t is, the one impressed ••S· 
crful elect.r-ical oscillations, diagrammatically upon the sceondar~· hy ~ltc primQry A-·and I 
t·eprcscntcu bv B:':This sourcc· is usunlly n have thus reached activiti es on&tesof How of 
condenser cha~ge<l tO a high po\-(·otial and dis- ., electrical energy in the system E' C 1~ mei\S· 
churgr,tl in rapid succession through the pri· ·ured by many tens of thouSI\nds of horse· . 

Gs· mary. n.<i in n type. ,,f _ transfot·mer invented . power. ;:. Such immense 1hovemcnts of clcc·. 1 JO 
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trtcity g i;e ri~e to a •·a riet .. l· of no••el an<! 
strilring phenomena, umong wloich arc t hose 
already described. Thn powerful electrical 
oscillations irl the s.rstem E' C E being com· 

s inun icatRd to the gt·otllld cause con·espontl· 
ing l"ibrations to he propagated to distant 
parts of. t he globe, whence tho.r arc t-o fleeted 
and hy in"terference witlt the outgoi n~e .-ibm· 
ti.ons 11roduce ~tationnr.1· WJl1·cs the crests 

1 0 and hollows of whiclt lie in pa r·allel ci rcles 
relatil•ely tu which the j,(rOUIJ(]•[llRte E' may 
be: conside~ed to be the pole. Stated othe r· 
wise, the terre.~trial conductor is thrown into 
resonance with the oscillations impressed 

1 s u1ion it just like a wire. .More t han this, a 
number of fuct.~ uscertaincd by me clearly 
"how thnt the mo•·cment of electricity throu~eh 
it follows certain lnws with nrurl.1· ntathemat· 
icnl rigo1·. For the pre.~nt it will be suffi· 

>o cicnt to state that the planet beha1·es like a 
perfectly smooth or polished conductor of in
Rill>rccioblc resistance. with <'llllRCity and self 
induot ion uniforml.1• distrii>Uted nlon¥ the 
nxiN of ~ymmet•·.r of wnv<" prop:tgA.ticm nnd 

•s tmnsmitting .•low electdcnl oscillations with· 
out sensibl~ <listortivn ntH I attenuation. 

lle~i<les th~ aiJOI'C three re<]ui relllent~ seem 
to he essentia l to the e.•tahl i•hment of the 
resonating condition. 

30 ·· Firs.r. Theeurth'suinmctet·pns.~inlC throul!'h 
' the pole shoultl he an o<ld mu ltiple uf the 
IJtUtrter· W>l\'e len)!th -thott is, of the rntio ue-
1\yeen the •·clocitl· of light- and fourtimcs the 
fo·~qu~nc1· nf tho currents. 

35 St•conti. It. is n~ccssary t.o employ:oseilla· 
tiun~ in which tlw t·nte o f mdi ntion of enet·gy 
inro space in the for·m· of ltcrtr.ian o r elcctro
mn~nctic wn\'es is ,·er,\· smnll. To giro nn 
it len, I would sa.v t hat t he frequency ~houhl bo 

40 suoall~ o· than twenty thunSIIn~ per second, 
though shot·ter Wfll·es might be pt•Jlcticai>le. 
T he lowest ft·e<]uenc.r woul<l appear to he six 
'per secouu, in which case there will bn but 
one node, ntor near the ground-plate. and, par-

45 a<loxicnl ns it ma.r seem, the effect will inerensc 
with thr uistance and will bn greatest in a 
rc)!im: di:nnctrically opposite the tr·ansm i tt~r. 
. \ \' ith oscillnt.inns sti II •lowe•· the enrth, s tri ctly 
spt•uking-, will not resonnte, but simply aetas 

so n ~qu1cit.r. ami the l'llrintion o f potential will 
lxl nu1re or k'<S uniform o1·er itsenti resurface. 

Thit·u. The most essential t"C<Juirement is, 
howe1•er, that in·espective of freqm•ocy the 
wav-e or wave-t rnin shou ld continue for RCer· 

;s tain interval of time, which I hRve estimated 
to be not lcs.~ than one-twelfth or \ll'Ol>nbly 
0.08484 o f n second ·anti which is tal:cn in 
pnssing to nnd returnin g from t.he r·cgion tlin· 
nll'tt·icail.r opposite thnpole o•·.,r the earth's 

6o surface with a m<llln •·clocit.r nf ahout four 
huuJr&l un<J sev\•nt.r·ono thousnnd two bun
th·oo and forty kiiometers pe·r second. "'-:;~,~; 

The pre.sence o r the stationary waves may 
. be detected ln mnny ways. · For instance, a 

65 oirol..it may oe connected d irectly or indue~ . . 
\ 

· ·ively. tO tlie.ground and t~ an elevntcd termi -
nal nnd tuned to rMpond more effcctil'~ly to· 
the oscilln tions. <.'; A11ot.her wu.v is t.1 connect 
n tuned circuit to th• gt·ound nt two point~ 
l.ring more or 1M~ ·m n m~ridian p11s.~ing · 70 
through t.he · p<tl~> F:' or, hrenerall.r stated, to· 
nny two point~ of ,; <litrN·cnt 110tential. 

In Fig. 2 I hn•·eshown n dc1·ice for detect-
ing the presence of the wa1·es such 1\.~ I ha1·e 
used in a no1·elmethod of m~~gnifying feeble 75 
effects which I h11ve described in ·m.v Patenl~ · 
N~. 685,95:3 nnd 685,955. · h co·nsists of a. 
cylinder I>, of insulatin,; material, which is 
moved at a uni form rate of speed b.v clock·. 
work or othtr suitable moth·e power and is So 
pro1·id~d with two metal rings F F', upon 
which bear brushes" 11nd •l, connecteu, re
spectil·eJ.v, to the terminal plates p anu P'. 
~·rom the rings F F' extend narrow metallic 
segment.~ ;; ami •', which by the rotation pf 85 
the cylinder U Rre brought alternately ipto 
contaCt with double hrushe.~ h and r.·, carried 
b.r nntl in contact with cond ucting-holders /o 
anti/,, soipported in metallic bearinw; <;and 
H', as shown . . The latter are ·connected to 90 
the tet·minals T nnd 1" of a condenser H, and 
it should I){' untlerstood that they are ca!'nblc 
t>f angular displacement as onlinar.r brush· 
suppvrts. The object of '"ing two brushe.~. 
,.~I, an,(//, in ~ach of the hnluers h nnd 1.: is 95 
to mr.r nt will the duration of th~electric <:_on·. 
tact of the plate.~ P and P' with t he terrninnls 
T and 'lv, tu which is connected a rcceh·inz
circuit including" t·ecei•·er R anu a dev ice ·d, 
performing the duty of closing the reccidng- 1oo 
circuit at pt·edetermined inten·als of time and 
<lischnrg ing the stored energy through the rc, 
c<•irer. Jn the present case thi~ device tl>n· 
sisL~ of a c.rlindcr mll<lc 1111rtl.v of conduct.inJr 
nnu pnrtl.r of insuho~ing matet·ial 'und .!, re· 105 

specti1·ely, which is rotntedat thedesire<l rate 
of speed by nny su itnble mean~. The con· 
tlucting part,. is in good elcctricnl connection 
with the slonft Sand is proviued wi th taller· 
in){ scgmcnt.s.f f' , upon which slid~s n·bnt~h too 
!.-, SU ili>Orte<l on· 11 conducting-md /, cnpnblo 
of longitudinal adjustment in a metullic sup· 
port.m. Another brush, 11, iq n.rr·angcd tol>en1· . 
upon theslmftS, ami it will bn sc~n th at wl•cn- . 
evn•· one of the segments f' comes in contact · ,J s 
with the brush k the ci rcuit including tho re·. 
ceiver H is comlllot.cd nntl the cond<mscr dis
chargcd.through the snme. · By nn adjustment 
of the speed or t•otntion of the c.rlio<lerd nnd, 
fl displacement of the brush k along the cyl· 1 20, 

in,ler the circuit mn.1· '"' mndc to open nnd 
close in as rnpitl succc.~sion. Rnu remain open: 
or closed during such intcn·nls of time as ma.v: 
be ·dMired. .The plates P and P', throul{h\ 
which the electrical energy is conve.vc<l to the'5t•s : 
brushr,s lt and a:, ma.v.be at a considerable .lis;; 
tance from each other in the ground or one in, 
the ground and the other in tlte air, prefer-: 
ably at some height. ![ -If but onn plate is con~ 
nected to earth and theotbcr maintained nt .!O! 130: 



P-334 

4 787,41g 

. ele\'&tioo, the location of t~e appar&tllS ·must varsiog the length of the waveS u·nderobserv-· 
be determined with reference. to the position ance of the aho,·e requirements. In thi~man
of the stationary waves established by the ner the regions of maximum and minimum 
genet-ator, the effect evidently beinl!' greatest effect may be made. to coincide wit.h any re· ,. 

S in a ma>cimum and zero in a nodal region. ceiving station or stations. B.v impressing ;c 
On the other hand, if both plates be connect- upon the earth two ot· more oscill~ttions of 
ed to earth the. poinL.~ of connection must be different wave length a resultant stationary 
selected with reference 'to the difference of wave may be made to travel slowl.v over the 
potential which it is desired 'to secure. the globe, and thus a great variety of useful ef- .. 

10 strongest effect being of course obtained when feels may be produced. ·Evidently the course 7 5 
the plates are at a d istance equal to half the of a vessel may be easil.v determined withou t 
wa've lengtb. tbe use of a compass, a.~ by a circuit e<>nnect-

In illustration of the operation of the sys· ed to the earth· at two points. for the effect 
tern let it be assumed that alternating elec- exerted upon the circuit will be greatest when 

15 trical impulses from the generator arecau.sed the plates P P' arc lying on a meridian pass· So 
to produce stationary waves in the earth, as ing through ground-plate E' and. will be 11il 
above described, and that the receiving appa- when the plates are located at a parallel cir· 
ratus is properly located with reference to the cle. If the nodal and \'entral regions are main
position of the nodal and ventral regions of .tained ; n fixed positions. the speed of a \1cssel 

20 the ·waves . .- The speed of rotation of the cyl- carrying·a recei,•ing apparatus may be exactly Ss 
inder D is varied until it is made to turn in computed from observations of the maxima 
synchronism with the altern3te impulses of and minima regions successively traversed. 
the generator, and the position of the brushes This will be understood when it is stated that 
b and b' is adjusted by angular displacement the tirojections of all the nodes and loops on the . 

•s or otherwise. so thnt they are in contact with earth's diameter passing throul!'h the pole or 90 
,the segments SandS' during i.he periods <Vhen axis of symmetry of the wave movement are 
the impu!ses are at or near the maximum of all ·equal. Henoe in any region at the surfnce 
their inten.ity. ·. These requirements being the wave length can bP. ascertained from sim

,fulfilled, electrical . charges of the same sign pie rules of geometr.r. Conversely, knowing 
30 will be conveyed to each of the terminals of the wave length, tho distance from the source 95 

the condenser, and with each fresh impulse it can be readily calculated. In like ways the 
will be charged to a higher potential. The distance of one point from another, the Inti
speC!! of rotation of the cylinder d being ad- tude and lonl(ituJe, the hour,&£., may be de
iustable at will. the energy of any number of termine<l from the observation of such sta-

35 separate impulse.~ may thus be accumulated tionar.v waves. If several such generatOrs of roo 
in potential form and r.ii<charged through the stationary waves. preferably of different 
receiver R upon the brush k coming in con- length, were installed in judiclously·selccted 
tact with one of the segments/'. It will be localities, theentireglobecould be subdivided 
understood that the Cl\pacity of the condenser in definite zoneJ of electric activity, and such 

40 should be s~ch as to allow the storing of n and otherimportantaatacould beatonceol>- 105 

much greater amount of energy than is rc- tained by simple calculation or readings from 
qu i red for t he ordinars operation of the re- suitably-graduated instrum~nts. Many other 
ceiver. · S ince, by ~his method a relatively useful applications of rn.v dtsc.o,·ery wi ll sug· 
gN'.atamountof energy and in a suitable form gest themselves, and in this respect I do not 

''5 mny be made avaiiRble for tho operation of a wish to limit myself. Thus the specific plan .rr~ 
receiver, the latter neetl not be very sensitive; herein described of producing the station• .... ,. 
but when thl\ impulses are very weak or when wa\·es might be departed from. For C XIIIU · 

it is desit·.ed to operate a receiver very rap· pic. the circuit which imprcs~es the poweriul 
idly any of t he well-known sensitive devices oscillations upon the earth might be connected 

so capable of responding to ver.v feeble inOucnces to the lntter at two points. In this applicn· ••S 
may be used in the mnnner indicated or in tion I have ad\·anced various improvement~ 
other ways. Unt!P.r the conditions described in means and methods of producing and uti!· 
it is evident that during the continuance of izing electrical effects which eiLh~ r in conn~c· 
the ~tationMry waves the receiver wi ll be ucted I tion with my present disconry o: intlepend-

55 upon by current impulsesmoreor less intense, cntly of the snmc may be usefully appl iecl. 12o 
according to its location v:ith reference to the I desire it to be untlcrstood that such norcl 
maxima and minimR of saitl wa,·c.~~· but upon features as are not herein specificnll.v ciRimcd 
interrupting or reducing the flow of the cur- will form tbc subjects of subsel)uent applicn· 
rent the st.lltionary waves will <lisnppear or lions. 

6o dimi nish in.intensit.v. Hencengreatvariety What I now· claim is- 1:5 
or effects m3ibe produce.d in a rcceiver; ac- 1. The impro,·emcntin the art of transmit-
:ordin~: to the mode in whicl1 the waves are tine electrical energy to.a tlistnnce which con
cont ro lled .. lL is pralt ical>le, howe,·er. to J ~istsincstablishing~t.:Ltionnryclectri cal wa,·cs 
shirt the noqal a nti ventral regions of the in the earth. as set, forth. . . 

65 w~v~s at will ft·om the scntling·st.lltion, as by 2. The improvement in the art of trnnsm1t·. 13° 
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tin~r electrical energy to a distance which con
aist.s in impreaain~r upo'n the earth electrical 
oscillations of such character as to produce 
stationary electrical waves therein, as set 

s forth. 
3. The improvement in the art of transmit-

ting and utilizin.r electrical ener~:y which con
sists in establishiog ·statiooary electrical waves 
in the oa\ural conductio.r media, and operat-

ro in~r thereby one or more receiving devices re
mote. from the source of enefiry, as set forth . 

4. T he improv~ment in the art of transmit
ting and utilizin~r electrical energy which r.on
•ista in establishing in the natural conductinll' 

15 media, stationary electrical waves of prt<de
termined length and operating thereby on•l or · 
more roceivin~r.lcvices remote from the source 
<>f .enel'lrY and properly located with respect 1 

to the. position or such waves. as herein set 
forth. zo 

5. Tho improvement 'in the art of traosmit
tinll: and utilizin.r electrical energy, which con
sists in establishin~r in the natural conducting 
media, stationary electrical wa.vos, and vary
ing tbe .lena'th of such waves, as herein set •s 
forth. 

6. The imprQvement in th,art of transmit
tina' and utilizing electrical energy, wliicb con
sist.s in establisbinjt in the natural conducting 
media stationary electrical waves and shiftin~r JO 
the nodal and ventral tea'ions of these waves, 
as deseribed. 

Witnesses: 
NIKO~ TESLA. 

M. LAWSON Dn:R, 
BENlAMlll MILI,J;l\ 
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SYSTEM OF SIGNALING. 

SPECIFICATION to~ part of Lettera Patent No, 72~,606, da~ Aprill4, 1903. 

Appllcallo• 11=41 olyl8, UOO. Sorlal!lo. a3,U7. !lio =OIIoi.J 

Tn alt whom it IIV<Y ()llr,w;ern.: 
ne it known that I, NlKOLA TESLA, a dti· 

zen of tbe United States, residing in the bor
ough of Manhattan, io tbe city, couoty, and 

s StAte of New York, bave invented certain oow 
nod useful Improvements io Systeons or Sig
naliug, or which tbe following is a specifiCJI
tioo, tefereoce being bad to tho drawio~ac
~ompaoyiug and formic~: a part or tbe s&ono. 

to Iu cert.Kin systems for traosmittiog iotelll
gil>le mossagos or governing tho movewent.s 
and operations or d istaot automatA elfletrieal. 
impulses or disturl>noce• produced by suit· 
nulo app&ratns arc conveyed tbrougb tho n>Lt· 

•s nrnl onedia to a distant roceiviog-circuit ca
pable of re:opoodin~: to tbe impulses, and 
tboo·eby eiiecting rho control of other nppli
nocea. Generally a sjlecial device highly 
tsensit.ivo is connected to the receivlog-ci r· 

zo cuil, which in ordeo· to reodor it still more 
susceptible and to o·e<luco the liability of its 
boing n!Iect<~d by extraneous disturbances is 
carefully A<ljustetl so as to be in tuno with 
the traosonitter. By" scientific design of tho 

•S ~oodlog and receiv ing circuits 11od oth~r "P' 
paratus and skilfu l atljustwent or the sawo 
these objecte may bo inn meAAure attained; 
hut io longoxperiouce I havo found that not
with•taodiug all construct! vead \'an !ages aou 

JO expol'imootl\1 resources this ooetbod is in 
many cases ioadequat.e. Thus wbiiA I b>Lve 
succeeded in so ope1·atin~ selectively under 
cert.eio favorable conditions more than oue 
hoodo·ed receivers lo most cases it is praeti · 

JS eablo to work successfully but a few, tbe 
number rapidly diminishing as,eithor owing 
to great distance or or.ber ca~sos, tho energy 
"vailable .iu tbo tuoed circuits becomes 
••nnllerund the receiver& oecessnrilv moredeli-

, o cat.e. Evidently a circuit loowevei· well con
structed nod adjusted to respoud exclusively 
to vibrations of ono period is apt to be a!Itct
ed by higher harmonics and still woro so by 
low~r ooes. When the oscillations uro or a 

45 very high freqoioocy, tho uu"'bor or tho ef· 
,fectivo barmouics m .. y bo !urge, and .thoro
ceiv~r cooscqoeotly easily disturbed by ex
traneous iuflueoccs to suoll ao oxt.eot that 
whoa very •hort "'aves, snell as those pro· 

so duced hy llertzh.u sp~rk lip paratus, are uso<l 
little advaota,;o io this I'OKpec~.Je :.derivod 

34 Nikol~ Tesb 
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Croon tuo iog tbe circuits. h being ao lm· 
perative req uiroment. to most. prRctlcal &p· 
plicatioos of such system• of signaling or io
t.elligence· transmission that tho signals or ss 
mOM<\ges sbou ld be excl nsi ve or pri vat.e, i ~ is 
highly desirable to do away wilh the abovo 
limil~<tions, espe.cially in viow of tbe f&et., 
which I have observo<l, that the ioRuenco or 
powerful electrical disturbances upoo aeosi· 6o 
tive receivers extends, oven on land, to dis
t.Koces of m11D)' hundret!s of miles, and coo
sequootly iu ac•:ordaoce with theory still 
fartberoo sea. To overcome these d ra wbncke 
and toooable a :.:o·catnnooberoftransmittiog 65 
aod receiving stAtion• to be oporllted select
ively and exclosivoly and without any dl\n· 
~:erof tbesigualsor messages being disturbed, 
interco(Jted, or iotor.fered with in ooy way 19 
tho object or my present iovootloo. <• 70 

13rondly stated, this ioventiou consists in 
tbe combination of mean~ for geoeratiog nod 
transmitting two or onoro kinds or classes of 
clisturbnnces or im pulses or distinctive char
actor with respoot to their otroct upon a ro- 75 
ceiviug·circuit and a distant receiver which 
comprises two or moro circuit.s of different 
electrical character or severally tuoed, so M. 
to be responsive to the different kinds or 
classes of impulses and wbich is dependent So 
for operation upou the conjoint or resoltaot 
action of tbo two or more circuits or tbe SOV' 
era! ioetrumeotalitioa controlled or operated 
thereby. ny omployiog ouly two kinds of 
disturbance:~ or sories of impulses instead or .8s 
one, as bas heretofore buen dono to opera to 
a roceivor of this kind, I have fouod that 
Sf\fety agal o s~ the disturbi ng ioflueoces of 
other sources is iocreasetl to such 1<11 oxt.en t 
that I believe this onmber ·to bo non ply snlli- go 
cient in most cases for .-eoderiog the ex
change or •ignals or mossr.ges reliable and 
exclusive; but in excoptiooal iostaoces a 
grsa.tel' number m~<y bo usee\ nod a degree or 
safety ns;ain•t motu~tl a1HI extraneous inter- 95 
fereoco attaiood, sucb a~ i~ comp:.ra!Jio to 
that afiordod by a coonbioatioo-lock. Tho 
liability of a receiver being affected by dis
tarbunces emanating from otbor sources, a~ 
well as tbnt of tbo signals or oDcssngos being 100 
received .bY iustrotmeot.e for which they are 
not int.en<le•l, .mny, .however, bo roduco<! oot 
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only by an increased number or tho co<lpern- in o~bor patents rranted tc me. The brush· 
t!vo dis~urlmoces or series or Impulses, but holders II' and ~· &re capable !ndependenUy 
nlso by a jndicious choice or tho 81\me and or aoJ!olar 11nd, iC ueoossary, ~<lso or latoral 
tho order io which t.hey oro made to act upon adjnstmeot, so thllt any deslrod order or sue- 70 

S tho recei \'er. Ce!<sioo or any <lifference of time !ntorvlll be-
J!:,·ideotly thero 11ra a j!rORt m11ny wn.ys or t':Veen ~be discbari!'&S occurring in the two 

l!onerotiott impulse~ or disturbances of aoy · p:imarycircult.s maybe obtained. Tho coo
wave leogtb, wave form, onrober or order of deo~~&rsbeiogooergi•.edfromasoitA.blltiiOurce 
succession, or of any special charnctor such S, prer~rably of bigh potonUal, and tbe disk 7S 

10 ,.., will bo CApable or ful filling tb~> require- D being rotated, lts projections or teeth p p. 
mcnt.s &bc\·o slAted, and tbere Rre also many coruiog Rt periodically-recurrloJ!; lo...,rvafa 10 
way~ in which socb lmpulseeordlnurbances verf close proximity to or, ae tbe caae may 
m~<y be made to coi!perato 11nd tc cause the be; in cont&ctwlth conducting rods or brnaboa 
rceei,·er to be actuaood, and Inasmuch as the n n, cause the condensers to be dlechaf'lled So 

•S skill au<l practic11l knowledae In these novel In rRpid anoceasion tbrough their respective 
llehls can only be 1\CQUil'ed by long expe- circnlta. Iu tbls m11,ter the two second&ry 
rience the degree or safety Rod porfectioo at- syetema D''S' E 11od D'S' E are set In vlbra
t><ined will oecessarilydepend apon the ability tioa and osolll"te Creely, ~~aob at lt.s proper 
and resource of the expert who Rppllee my raoo, for R ce rtain period or tlmo at overyd la- Ss 

to lnvootlon; bot in order tc enable thes111ne to chftrge. Tbe two vibration• a~re lmpree.se<l 
be aacceasfnlly pracUcGd by Ray person pos- open the ground through tho pll1te 'E and 
8681led onlyoftbe.more~:eneralltnowledgeand spread tc a distance reaching tbo receiving
experience in tbese braocbas I a ball desorlbe ttRtioa; wbioh hilS t..-o ~Jimilarclroultft or sya
tbe aimpleet plan of csrryio.: It out wblcb Is tem• 8 s' d' aod e s' a" arraoJtEIII &ad ceo· 90 

as at present known to me. nected Ia the same manner and toned tc the 
For a better uoderstandin~t of tbe a abject ~yeooms at the sendio~·statioo, ao tbat eaoh 

reference is now made to the accompanying re~poods exclusively to on& Of tbe two vlbnl
dr"wlo~:e, In which- t .oos produced by tbe traosmtttlog apparatus. 

Figures 1 a nd 2 represent diAgrammatically Tbe sa rue rules. or adja•tment ate observed 95 
30 the a pparatus and circui~ conneetiooa ·em- with respect to the receiv;og-oircnla.s,care be

pluyed at the sending and recel vln~ stations, lng,_,fortbormore, till: en t~at tho tuning Is ef
rospocLivoly; Rnd 1-'igs. 3, 4, and 5 modi !led fected whon all tbe apparatus Is connected 
tDORM which may be employed In the prao- tc tbe elrcuit.Jand plaoed·tu position, aa any 
tical applioatioa or the invention. cbanse may rr.ore or less modlfytbe Ylbrstlon. too 

35 I n Fig. I, S' &nd S' are two eplrally-wound E~ch of the receiving-coils s' a ad :t' laabouc.
coils or conductors connected with their io- ed by 11 local clrculteont&ioing, re~~peotlvely, 
qcr ends-to elevated termlo:.ls D' aod 0 1, r&- soosith•o dovicos a' a', uattoriMb' b', Rdjnar.-
.• pectively, and ..-itb their outer ends to au .. blo recsistA.ucos r' r', &nd !16o•itlve rt'laya R' 
ea rth-plate E. Tbeae two coila, conductort!, R', all joiu~d iu aeries, as shown. 'l'he pre- 10 5 

4 0 or systoma D'S' E and D'S'E hll\"e difiereot else coonoctiOosnud arrangements of the va
llodsuitubly-cboseo perioosofvlbl'l\tlon, and, rioa~ recolvlog instrumout.a arel11rgoly 1m-
8ft pointed out io other pROOnt.s relatin~: to my material "~d 01ay bn varied lo many Wflys. 
KY•tem of eoergy a nd ilttolll~tooce transmia- Tbe senuitivo devices ct a1 mBy be any pC 
sioo, their len.:tbs should be aucb that tbo tbe well-known devices of thb kiBd-ae, Mr no 

15 polnld or ma.ximnm pre!ll<uro developed tbere- eumple, two conductiog-tennlq§lsseparated 
in cclncido witb tbot'levated termlnllla D' 0 1• by a wino~ air-gap or a thin film of dieloo
Tho two Sytitoms mRy bavo olootriCRI 00\cilla- trio which is stralnod or weakened b:t R bat
tiona Impressed upon tbem lo nay d011irod t.ery or o~her meaos to the point of braaklng_ 
manner, conveniently by energizing sbem down nod gives way to tbe sllghtea~ dis· ~~~ 

so tbroogb primaries P' and P", placed in prox- turbiog iotlueuro. Ita return tc tbe normal 
hnity to thew. Adj ustable inductances L' sensltlvo at.llto may be secured by momenta-
Rod L' nre preferably inolnded In tho pri- rily iooorrupliog the batoory- circuit after 
mMy circnits chiefly tor tho porpo~o or regu- 'each opqratlon or otherwise. Tho rolaya R' 
hl].iug tbo rates or tbo priloury oscllll\tions. R' bave tlrmaturos Z' V, wblch ar11 ooooectod uo 

55 In t bo drawio~:a these primaries P' and P' by a wlr~ w .11nd whoa attracted e~t.l\bllah 
Mrround tbe coils S' S' aud are joined in so- electriclll conl.llcl8 at c' and c1, thaa cloelag 
r io• throu11b tho induct&noee L' r.•, conductor 11 clroui~ cpntalnlng a battery b', a n adjua~ 
F, condensers C' and C', bru~h- bolde111 B' able rN!lstanoa r', and a relay R'. 
11ud U1, and u toothed di~lc D, wbicb is con- From the above de6Criptioo It will be te~~d· 125 

6o neetod to ~he cooductcr F aod, If desired, ily seen that the relay R' will ~ operated 
Klao tc tbegrouo<l-piAte E, a• 8howo, two in de- only wbon bet b contacts c' and c' are oloead. 
pendent primAry circuits belug tbus formed. The &('paratus at the sendlng-lltatlon may 
'l'he condeasera C' and C' are or such capac- be controllll<l in &ny sol table m11nner-as, for 
lty and the induc~oces L" and L' are so ad- Instance, by momentarily closing the cl,rool t 130 

~S j usted tbl\t e~eb primary ia io closo rtliiOIIance ot tho oource S, two difiereut elect rlo vlbra
wlth ltR~"?::darysystem, as 1 bavo explained tions bGlug eutitted almultaoooualy or Ia 
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rRpid soccessioo, .1\11 may be desired, at each 
closur11 of the circuit. The two receiving-cir
cuits at the distant station, each toned to re
spond to the vibrl\tions produced by· one or 

5 the elemoot.q or the transmitter, aflect the 
sensitive devices a' nod a' and canso there
lays R' and R' to be operated and cout.act.q c' 
and c' to be clo.OO, tbus actuating the re
ceiver or rel~ty R', which In tnrn establishes 

10 a contact c' and brings into action a deviee 
a' by Ir.AaDS of a battery d', included in' !\ lo
cal circuit, a.. shown; bntevideotly if through 
any extraneous dlsturbRnce only one of the 
circuill< at the Nlceiving-station i~ afiected 

15 the relRy R' will fail to respond. In this WRY 
communication may be cnrried on with 
grel\tly-increased safety against interference 
nnd privacy of tho messages may be secured. 
Tbe receiving-station (shown in Fig. 2) is 

:o supposed to boone roqni.ring no return roes
safl1); but if tho use of the eystom is such t·hllt 
this is necessary then tbo two stations will 
bo similarly equipped and any n·e!l-knowo 
means, which it is not though• necossary to 

25 illustrate here, miLy be rMor~d to for ena
bling the apparatus at eACh SLI\tion to bo nsod 
in turn &s t ransmitter and receiver. In like 
mannor tho operation of a rccoivcr, ns R', 
may be tniLdo dependent, instead of. upon two, 

JO upon more than two .such ti'Rnsmlttiog sys
te•ns or circuits, a~d thus any desired degree 
of exclusiveness or privacy nod sl\fety Rgainst 
extraneous disturbances may be attained. 
Tbe apparatos .as illustrate4 in Fig~. 1 and 

35 ~ permits, however, special rosults to be 
secured . by the adjustment or the order of 
snccossion of the <liecharge of the primary cir
cuits P' sod P2 orof the time iutervall!etweeu 
sucb d!schar~res. Toillnstrate, the RNioo of 

40 tbe relays R: R' may \Je regulnted either by 
ndjnsting tbe weights of tho levers I.' l', or 
the strength of the · batteries b' b', or tbe re
sistances r' r', or in other well-known ways, 
so tbat wben "certain order o! $UCceasion or 

45 time Interval between I· he discharges or the pri
mary circuits P' and P' exists at tho sendiog
titatlon the levers z· a lid z• will close tho con
tRots c1 nnd c• 111 the same instant, and thus 
operRte tbe relay R'; but it will fail to pro-

so cluce this re~ult when the order of succession 
of or the timo interval between thodiS<:harges 
in the primary circuits is anothor one. By 
those or similar means additional snf~ty 
against distnrbaoces from other sources may 

s; be attained and, on t·be other hand, tltA pos
ijibility afforded of effecting the operation of 
sign111ing by varying the order or succession 
or the discharges of the tWO circuli<!. In- . 
~tead of closin~ and opening tho circnit of 

6o the source S, tl>l beforG indicated, for the pur
pose or sending distinct •i~;oal• it lllay be 
con,·euiont to merely alter the period of oitbor 
.or tho trnn~mitting-cironitsarbitrMily, as by 
vary lug tb6 iudnctanco or tho primaries. 

65 ' · Obviously there is no uecesoity for using 
tr:\nsmit.tcrs wit.b t.wo or mora distinct ole· 
w ont.a or circuit'!. ns S' aud s:~, siuco a sue-

cession ofwavesorimpulses of different oh11r, 
acteristics may be prod aced by an inetru
.meut having bnt one such circuit. A few or 70 
the many ways which will readily su~est 
themselves to the expert who applies my in
vention are illustrated in Figs. 3, ·~. aou 5. 
Ia Fig. 3a traosmittingsystemes'd'ispartly 
shnoted by a rotating wheel or disk D', which 75 
may be similar to that illustrated in Fig. 1 
nnd which cutS out periodicAlly" portion of 
the coil or conductors' or, it desired, bridges ,.._ 
it by an adjusta\Jle coudensor C', tbus alter-
in::: tho vibrtltiou or the system e s' d' at snit- $o 
able in tervals and causing two distinct kinds 
ot· classes of impulses to be omitted in rapid 
succession by the sender. In Fig. 4a similar 
re•ult Is prodnced in tbo P)'Stem e s• d• \Jy 
periodically short.-clrettltinl(, tb rongh an in- Ss 
ductioa-ooil V and 11 rotating disk D• with 
Insulating and condnotinl! segments, a cir
cuit p' In induct;ve rell\tion to S&id system. 
Again, io Fig. ~three distinct vibratiousRre 
en used to be omitted\by a systein e s' d', this 9" 
result being produced' by inserting periodic
ally n suitable numb~r vf turns of an Induc
t ion-coil L' in serie.q wit\• tho oscillntin~r •ys
tem \Jy means or a rot.nt\ng d isk B> \Vitb two 
projcctions1>' 1>' and throo rods or brnshcs n ', 95 
placed at an 1\ngle o! one hundred and twenty 
degrees relatively to each other. ·· Tho three 
transmitting eystems or circui~ thus pro
duced mny be onergizeu iu the SA!Qe manner 
as tbose or Fig. 1 or in any other convenient tOO 
way. Correspond iog to e"ch of thesEJ C411es 
thp receiving-station may tie provided with 
two or three circuits in an ADI\logous manner 
t(l thnt illustrated in Fig. 2, it being onder
stood, of course, that the diaerent vibratlena tos 
or disturbances emitted bv the sender follow. 
in such r11pid succession upon each other that 
they are practiCI\lly sim.ultaneous, so far as 
the operation of such rel11ys as· R' and R' is 
concerned. Evldeut.ly, however, it is not nee- 110 

essary to employ two or moro reoeiving-cir
cuiU!; but a singlo circuit may be used also ' 
at t.be recelving-atatlon .constructed and ar
ranged like the transmitting circuits or sys
tems illustmted In Figs. a, 4, and 5, in which 115 

case the corresponding disks, 1\S D' 0' D', at. 
.the sending will be driven in oyocbronlsm 
with thoso at the receivi~ stations as far a~ 
may be necessary to secure the desired result; 
\Jut whatever the 1111ture of the •peel fie de- .. o 
vices employed it will be aeon that tbe fun<! a
mental idea In uty inveution is the operation 
of n receiver by the conjoint or resultant of-
feet Of two or, more Circuits PI\Cb Ill ned tore
spond exclusively to waves, impulses, or vi- 12~ 
brations of a certain kind or• cines proJuced 
either •ituultaueou•ly or ~ucceasively by 1\, 
suitablo treoBtnittor. 

It will be seen from a consi<leration of the 
nature or tbe method hereinbefore described 'J> 
that the iuveotioo is applicnble not only in 
the. special wnnoer doscribed, in which tlto 
tr11nsroission of the impuls0:1 is effected 
tbroush natural media, but for the t.raosmis-. 
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eion of energy for any purpose and whatever 
the medium through whicb, the impulses are 
conveyed. 

What I claim is-
5 1 . • In a system for tho t ransmiasion of elec

trical energy, the combination with means for 
producing two or ·wore distinctlve kinlls of 
disturbances or impulses, of receiving·cir
cuita, each tuned to respond to the waves or 

to impulses of one kind only, and a receiving u~
vice dependen t for operation upon the con·· 
joint action of the ~overnl receivin{:·Circu ite, 
:\8 set forth. 

2. In a system for the transmission of elec-
tS trical impulses and thti operation or control, 

. of signaling or otber apparatus thereby, the 
combination with a tl't\nsmitter adapted to 
produce two or more distincti\'O kinds or 
classes of disturbancps or impulses, of sunsi -

•o tive receiviog·circu lte, each tuned to respond 
11.> tho impulses o r dlstnrbl\oces' of one kind 
or clns~ only, and n receiving device depend· 
oot for oporat.ion upon tho conjoint ~tction of 
the sensitive circuits, as set forth. 

•5 3. I nn syBtem for the transmi•siou of elec· 
tricallrupulses, and the operation or control 
ot signaling, or other apparatus thereby, the 
combination with /1 transmitter nuaptcd to 
produce t.vo or more distincti\'e kind• or 

30 classes of disturbance.• or impulses, or seooi
tive circuit~ nt the rllCei viog point or statinn; 
each tuned to respond to the impul~c~ or di~
torbanccs of one kind or class ocly, alocnl 
circuit am\Ogod to be completed by the coo-

35 joint action of the sensiti " "'circuits and a ro
coiving device connected therewith, as set 
forth. 

4. In 11 system for the trnnsmlssion of elec
trical impolsos, and tho operation or control 

40 of algcaling or otbdr apparatus thorehy, the 
combination wilh a t.rao6mitting .npparatus 
adapted to produce two or mora distinctivo 
kinds of disturbances or impulses, of means 
tor varying the time intervals o! tho emission 

45 of the. impulses ot the sover~l kinds, sensi
tive clrcnita each tuned to rcspoud to the im
pulses or distnrbences of one kind o.nly, acd 
" receiving apparatus dependent for opera
tion npon tho conjoint action of thesensith·e 

so circuits, as set forth. 
5. In a systom, ~ucb as heroin described, 

tho combination with a transmitter adapted 
to produce a plurality of diaticctivo kinds of 
electrical dis~urbacccs or Impulse~, of are-

SS celviog apparatus comprising 11 plnnlity ot 
circuits, a sensitive dovice and 11 rol11y in
cluded in e&eh circuit, and each said circuit 
being tuned to respond to the impulses ordis
turhancee of ono kind ooly, and a receiving 

6o apparatus io a local circuit controlled by tho 
relays ~<nd adnpted to be corupletod by tho 
conjoint 1\Ction of all of said rolays, as set 
forth. 

G. In a system of tho kind described, tho 
Gs combination wltb a transmitter 1\dnpted to 

Erodnce two or more se1·ies of electrical oscil
ations or impnlses of dHiorent frequencies, 

o! J1 receiving apparatus coruprisicg a ploral
ityofaensitivecircuita each tuned to respond 
to the impnlsesof oneo! the series produced 70 
by the transmitter, and a signaling device de
pendent for ita operation upon tbe conjoint 
action ot said circuits, a.s s~t forth. 

7. The combiontlon wit.b a plurality of 
tr~<osmittor elements, eRcb adapted to pro- 7 s 
duce a series of impulse., or disturbances of 
a distinctive ch11racter, acd mesas for con
trolling and adjusting the same, of a receiver 
having a plnrolity of sensit.lve circuits eacb 
tuned so as to be affected by one of the series . So 
of Impulses only, acd dependent for opera
tion upon the conjoint act.loo of all of eald 
circuits, as set forth . 

t!. The combination with a transmitter 
adapted to produce series or electrical im· Ss 
pulses or distnrb~<uce.~ or dit~tinctive charac-
ter 11cd io a. given order c:rf snccos.~loc, c.f a 
receiving apparatus comprising tuned cir· 
cuito responding to such imrult~es ic a corre· 
sponding order, aud deponclcct for oporl\tion 9c 
upon the conjoint nct.ion or ~aid eloruente, 1\8 
sot forth. 

9. In a receiving upparatns, the combina-
tion with a plu rallty of sensitive circuits, Aev
erally t urncd to re~pond to waves or be pulses 95 
of a different kind or cl:l!s, a receiving·cir· 
cuit controlled by the seusit.ive cireuits 11nd 
a device conuect~>d with the receivlng·cireuits 
adapted to be operated when said circn;t is 
completed by the conjoint' action or tl>O or 100 
more of tho sensitive circuits, ns set fortb. 

10. A system !or tho transmission of olec
trical.ocergy, having in combination meau~ 
for producing 11od transmitting t\VO or more 
impulsos of different periodicities to form a ros 
signal ic 11 prt>determined ordor of succession; 

·as. set fort.h. 
11. Inn systo•n forth~ transmission of elec· 

tricol energy, tbe combination witb a trans
mitting 11pparatus comprisingoll()Or more ci t · Ito 
cuits, moa.ns for impressing therein oscilla· 
tiocs or impulses of different chnracter and 
n receiving apparatus coruprisic~ a plurality 
of circuit~ eacb tuned to respond to the im· 
puls~s of ono kind produced by the tr~<usmi~ 11 S 
ter and a r~eiver dcpeodect for operation 
upon the conjoiut action of the reG-eiving·cir· 
cults, as sot forth. 
· 1.2. In 11systom for tbe trsnamissloc of elec
trical onercy, the combin11tion with 11 trans- uo 
mittin:; api•arntns comprising a transformer 
and means forimprossiugcpon 1.he secondary 
olomeot ot tb" ""me oscillations or impulsO& 
or dlffereot'cbaructer, of e rece.iylog nppara-
tus comprising a plurality or circuits each 1•, 
tunod to tho impulses of one !tied emitted by 
the secondary of . tho transmitting- trRns
former, and a recelv.,r dependent for opera
tion upou t he conjoint H.Ction of tbe recelv-
iog·circnit.s, ss set forth. 130 

13. Inn system lor the traosmi88ioo of elec
trical energy, the cowbioatiou with. a traOll
mitticg apparatus comprising a tran~tormer 
e.nd means for impressing npon t.ho socondary• 
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• olemen ts ·or the Btlme oscillations or i m poises 
oC ditr&I'Mt periodicities and iu a given order 
of succession, of a receiving apparatus com
prisin~ a plurality or circuits each tuned to 

s respond to the transmitted impulses of one 
period, and a receiver. depondent for opera
tion opo~ the conjoint a.ctioo of.th& receiving· 
circnlts, as eet forth. 

14. In 11 signaling system, tli& combio,atioo 
to of means for geoerlltiog a seriss bt elec'trical 

impul&es of diff&reot periodicities, receiving· 
circuits of dUiering electrical periods of vi
br~~tlon, and au indiCAting mechanism oper• 
ated to give an intelligible indication only 

15 when currente are indue,ed in tho rec&iving· 
clrcoiteln a predetermined ot·der, asaet forth. 

15. In a eystom j.or the tr~~nsmission of en· 
. ergy, tlie combiontion of two or more circuitn 

differing witt. respect of one of their elec· 
tricalcoustauts,meana for energizing s:~id cir· •c 
cuite, and an iudicating m..cbanism operative 
only by conjoint actlon. of t\VO or more .cur· 
rente generated by waves from the eeoding
el8tion, ae set forth. 

16. In a system for the transmiliSioo of elec· •$ 
trical energy, the combination with a trans· 
mitter adapted to produce eleotrlcal waves or 
oeciJlatione varying in charaoter In a prede· 
termined order, ot a receiving instrument re· 
sponeive to said oscillations .aud dependent 30 
fur operation upon tbe aotion thereof IDa cor'
respoudiug order, BS set forth. 

NIKOLA TF..SLA. 
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UNITED ·STAT ES P ATENT OFFICE~ 

NIKOLA TESLA. OF NEW YORK. N. Y. 

APPARATUS FOR T H E U TILIZATIO N O F RADIANT ENERGY. 

Sl':BCil"'OATION !ormirlg part 0: Let~ l'atct No. 510,9~7, dated November 6. l 001. 

lntl4a.tloa51 .. 4 lhrc'b 21, UOl. SuW i~ 61,\01. Uh m•d;ri.J 

To o.ll wMm it may conu,.n: operl\tion or control of mechanlcnl or eloc· 
DeJt known lbat I, NntOLA. TESLA, a cltlzon trical devices or rendered useftll in mnny 

or the United States, residing 1\t the borou11b other """Y'· 
of ManllMtao, In tbo city, county, and State In 1\pplyln~: my d isco1·ery 1 pro,· ide n eoo-

S ot New York, ba,·e lnvont&d certain now Aod dooser, rro!eri\IJiy ot r.oosidorAblo eleclr<>- ~ 5 
usoful lmprovoruoute in Apparl\tus for tho static CRpncity, And eonnectooeof its tcrrui
Uiilitl\tion oi Rl'.diAnt Energy, .of which tho nal• to nn insulnte\1 metal pinto or othorcon
followlo' is a epeclficl\llon, reforenco being ductiuR·l>od y oxpo~d to tho "'YS or strol\01~ 
hacl to tho dra,.in&s ncoompnnyin~; 1\nd form · or tl<lliaut mnttor. It is ,·ory ilnponnnt, par· 

so lng 1\ 1)1\r~of .U.o Mll\0. ticull\ri.Y In \'low or tbo fliCL thM oloctrlCAI 6o 
hIs well koowo thnt cortl\iu tl\tl intioua- ooergy Is generAlly snpplioll nt n very slow 

such as those of ~tltrn·l'iolotllgut, cnthoclic, r.uo to tho condenser, to constrnctthe SA1Ue 
Roeutjl&D r&)'S, or tbo like-possess thO prop· with the groAt.eat care. 111&8, by pr~Cereooe, 
erty or chatgiog and discharging conductors the bea~ qnallty ot mica M di~lectric, 1.1\king 

•s of eleotricity, tbe discbl\r&e boiog parlicn· e.-ery pos5ible prccnotion In Insulating the 6s 
larly noliceablo whon the ooodootor opoo nrmatnre.o, •o lba~ the instrDID&Dt may ..-itb· 
' •bleb tbo ra:rs impinge I~ ne&all,·ely electrl· stand g reat electrical pressu res wl~boat I oak· 
6od. Theso radiatlouA aro generally con· log aud IUAY leGve no perceptible oleotriD· 
aidered to uo ether 'vibrations or extremely r:1t1oo wbeu dlaebr.rglog instantaneously. Iu 

•o amall wne lengths, and lo explanation of tbe }:or11ctice I ha\·e ·foand that tho bost resolts 10 
pbeoomeoa noted It has beeo llM!lm&d by are outalo&d with coodeosers treated in tbe 
aome a uthorities t hAt t hoy ionize or reuder manoer cleacrlbed In a paten t ~r11T1ted to mo 
04ndocLiog the atmosphere through which Febr11ary 23,1897, No. 677,G71. Obvloasly tbe 
t boy Me propngllted. My own experiments Abo~e precautions •hoold be the more rigor-

' S nnd obeervntioos, however, load me to COD· ously obserrod tho slower lba rate of charg· 7S 
claaiooe 1lloro in Accord ~<ith tbo theory here· log a ad tbe I!D I\ller the Umo ln torvnl during 
toCore tulvnncod by sao t hat sourco3 o( auoh wbtch theener~:y Is 1\llowed,to acoumull>!<' in 
radiant energy throw oft wiLb greM v~loolty the condenser. Tbe lnsniAt&d plat.o or con· 
1olnuto part icles o( mntter which are s trongly ducllo{l·body should preseot a., l Argo n s11r· 

30 electritled, aod tbererorocapableor charging face M pr~~c:lleable to tbe rAJa or st~A•ns of 8o 
nn electrical conductor, or, &>on' If not eo, matt.er, I hA'\iog Mcertaioed tbl\l tho 1unonnt 
ro ay a t any rate diseb~~rae An eleotrifle<l con· of energy CQnvey&d to It per nnit or tilne Is 
doctor eiU!er I,>ye~~rryiogo!t bodily ita cbarae nuder otherwleo idootlcnl eoodiUoos proper· 
or othe rwise. tiOnl\to to tbe llrOI\ exposed, or nenrly so. 

3.1 My prosentnppllcatlon Is bi\Sod opoo 1\dla· Fnrtberll\ore, t heanrtacoabould boclonn 11ud Ss 
covery which I hn\'ll made thAt when t l\)'8 or preferably h lgbly polished or amnl;; .. m<~toll. 
rndlatloos o! tho above kind Me pcrmlttod to The second torrulo11l or armatnro or tho coo
rail upon nu insulnted conducting-body con· denser 1111\Y be connected to ouo or tho pole~ 
nocted to one of the tor~uloals o! 1\ condenser or a unttory or other source of el~ctricity or 

40 1rhile t he other tern1lnnl or the sl\mo Is mAde to 11nycoodnctlog body or oiJject whAtc~or of 90 . 
uy l.n<lependent mo:lns to recoh·e or t o Cl\fry· euch propertie-s or so conditiouO<I thKt by i~ 
n~<ny electricity n 'Current flo,.s into tho CUD· means electricity or ~bo rcltnirod sign "'ill bo 
douser so long 1\S the i:~sulAtetl body Is tlt• ~u ;>plied to tho tormiual. A simttiC WKY or 
po$ed to tho rays, nud under tho conllltlons supplying po~iti vo or ue:;ati1·o olccto·icity to 

4S horolol\(tor ~pecifietl nn ilulo!inito nccomu· tbe tor•ulu11lls to connect thos:ttnA citho•· to 9S 
!alton or elcctricnl llno•·gy iu tho coudousor nn iosollllcd cuuductur Hupportod nt SOIOO 
tAkes plncc. '!'Ill• energy nCter a suitalllo heit;htio tbel\lruo•phereortoa gronntledcon· 
timo lnte1·v~t1, during which tho rn.ys 1\re Al- ductol', tho former, as i~ well knuwu, Cut·nisb· 
lm<ed to ncs, rul\y mftnifeat itself in "pO"· ing po•itt.·o nntltho IKttor uc;;~th·o olectrlc· 

so or!ol diachl\rgo, 1vhicb snl\y be utilltetl for tho t ily. As tho rRrsor supposed •troan•s or rant· 100 
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r~r generally convey a posili•·o chnrgc to the 
fi1-st eon<lenscr·terminal, which Is ~onnocted 
to the [llt>to or r.on!lncti>r above monUonc•l, I 
u~ually connect the sc~mou tCI'Itti)tRI or tho 

5 condcn~er to the gronnd, Lhi• being tb& taost 
~(111\"Cnieut wny of obtaininJ{ nei(Ath'o cJec• 
trfcfty, <Ji~[lt'DSill)l with t-he li ~C<'~Sity of pro~ 
vldtng nn nrtillcittl ~lurcc. Til o•xlct· to· util
ize ror Rny useful !Jurpose the energy ACCtl· 

10 mulnted in theeonrlenRer, T rurLhcrmorecon
nectto the terl'n initl" of tho &~men ci rcult in
cluding nn IMtrnment m· nppar11tus \fhich'lt 
Is closired 'to orer:tto flhd nnothor Instrument 
or dovlce fpr nlternRtclye;loo;ing nnd openin(f 

15 the circuit. Thi• hHfcr.may 1Je ""Y form of 
ci rcu lt.-oont roller, '!'I tit lh:eil or movahlo pn rts 
or electrodes, which mny be octunted either 
b:r theFtored unOt'llY or lly in•l<>p~nclent menu~. 

?tly disco\"cry wit! he o1ore fully understood 
to f•'Om the following rle~~erlption lln•l annexe<l 

cltn>ring,., tn which rcferci•cejs now rnndc,11nd 
in whlch..:.. 

lt'ignro l is a dip~rtuu Hl•nwinlf thC\ f,!Cne·r~t 
nrrRnJtCinPilt. Of AppA.ri\1Uf4 ns U~UR.Jiy Pill· · 

~5 plc:lycd. Fig. 2 isn•imilardiagmm illn•t-rAf, . 
in.g more in detail t.ypicnl .f<wuls of t.hnd<l\'ices 
or elen~ents n~Pd in prn~tf(~(\i and Fi~~. ::J nn(l 
.. are dingrnm 1111\t ical rep!'P!<en txt ions or modi. 
fie~ arrnngcmeuts snil<lhl<' frn· spi'Cinl pnr-

30 poses. · 
As illusto•~ttive nf the manner in which tho 

~<e¥eral parts or e !omen tR of thn nppn rRLns in 
one of its sifnplost forms nrc to be Mrnngc<l 
and <·mmecte•l fo•· nscfnl operation, refer·cnc!l · 

JS i~.n:ulA to 'Fig. I, in whichC isthccnnrle11ser, 
P tbo in•ulntcd [lllltC or conrluctin;; - body 
•~hie.(• is e.><poseJi to the ra.n,nnd p· anoUocr 
pJutc 01' cnntluctor tvhit'll i:igrnunclod, an be
tog joined .in ~eriP~, ns~hown . . Tho terminAls 

40 'l' T' of the condcn~cr nre nlso con nee ted to n 
circuit which inclio.dcR a <Ievie~ R to be oper
·ated nn<\11 circnll-cont,rollingdcvicc d or (he 
charncter nbo•·e referi'Nl to. 

The a!Jpnratus being nmm~etl as shown, it 
4S witl _be found tl111t wlwn tho r·a<lintions of the 

~un or ht any other son•-ee .capable of pr·o
tlucing tho effect-s befot·odcsci·ibetl fall upon 
the plato 1' nn nccmnnlation or electrical 
energy in IIJO con<lenser C 'rill result. 'fbi! 

so phenomenon, I bclle•·e, Is best expiAine<l as 
folio IVa.: Tho som, ns well as ot~1er sout·ccs of 
l'ndinnt <"nel'gy, t.h1·ows off minnto particles of 
mattor posit! •·ely elect ri fie~, which, i mplngiug 
upon tho plato P, communrcato r..ontlnuonsly 

s~ no elect•·lcal char::e to tho snmc. The op
posite termJual or lhe'conden•cr uel'ng con
t•ectea to the grounrl, which mny he consi<l
ered as R vast rcserroiror ue!mti,•eelectJ·icit-y, 
n feeble current tlo•vs continuously into the 

6o condenser, and lnnsmoch u t.hcs<> supposed 
particles nrc or nn inconroivnbly small radius 
or curvature, nnd consequently char"e<l to a 
relatively vory high potential, t ltis cl!n';.gingof 
~ho coll{\enser may continue, ns I hnvo nc-

~s tually obscn·od, almost indefinitely, ovon to 
the point of r11ptn~ing tho <lie1cctrie. If the 

<levico d )le or snob chamcler tlrat it will op· 
erat.o l6 close the olrcnlt in ••hit•h it is in
cln<le<l when th'! potentiAl in the condenser 
hM 1-enchcd 11 eertnlti magn i t.urle, tbl' nccn n: n · 70 
IM.R<I clrl\l'go will P.l\.'13 throng!\ the ch'CUit, 
which rdeo ipcludes the receiver R, and oper
ate Lhe IR~ter. 

In illnstration ot a Pllrllcnlllr' ·fol'lll or ap
parat.us which mlly be aaed· in carryinrr ouL 75 
my dlscover:r I now re(or tc Fig. ll. In. this 
llj~ure, which In .the general nr_r~~n;::emont of 
the element. is identical to Fig. 1, the device 
db shmvn ns compose<\ oC two •·ory thio cou· 
dneting·platOA t t!, placed fr close proximity So 
nud very mobilP, either by renson ot extreme 
lle:tiblllty or owln~~: to the charROter of ·their 
sn pport.. Tol·tnpr.ovc thelraotion,tbey should 
be inclose<! in " ~eptncle, from which tho 
air may be OJ<haustcd. The plates t t' are Ss 

.conneote<l in series with a workln .. circuit, 
including A suitable receiver, wbloh in this 
ca.,o 'is Ahown .M consi~ting of nu olectromag-
n~t ~~. n mo,·nhle 11rmntnre a, n retractile 
spring b, lllln 1\ rntcbet-wbocl 1U, prOVIded 90 
with n ~pt'ing-p!\1<1 r, which is pivoted to a•·· 
matoro a, ns itlnstrt.teil. W-hen the rndin
tions or the sun or other mdiant source fall 
upon pinto P, n eorreut flows into tho coo
denser, ns nbovo cxpl~ioed, uutil the puton· 9; 
tint the•·oin rises sufficiently to nttl':\ct and 
briu:: into. contMt tho two pintos t t', nnd 
the•·euy close the circuitMnnected to the t1•o 
eondensor-termlunls. This permits a flow ot 
c111·reot ~<hich encr::izcs tho rnngnet M, Clln~· •oo 
ing it to drn•v-down the nquKtnro a 11nd im
ptt•·t n pnrtlr<l rotRtiQn to the 1'1\tchct-wheel 
1v. As the correM ceii.SCS tho 11rmnturo is 
relrKcte<l by the •pting b, ~Vithout., however, 
•noviugthe wheel u•. With the stoppage or •os 
tho current Lho plates t t' cease to beattrllcted 
nnd sopnrate, thus rcstoriug the circuit to its 
ori::inal C'ontlition. 

Fig. 3 shows a.modifie<l for·m of nppn•·atns 
used in conuection wltb an nrtillclalsource 110 
of radiant energy, which in this insta-nce mny 
be an arc emitting copiousty'utW'a-violet rays. 
A suitable reflector n)ny be provided ror con
centrntin~: and <lit·ecting the. radiations. A 
mngnet lt nn<l circuit-controller d Rro nr- "5 
ranged ns in tho previous figure:!; butio tho 
present. cnse the for·nrer instoad o' performin~ 
itseH the whole work only serv&~ tbo purposo 
of Klte,.,ntely opening and clo3jng " local 
circuit. coutniniug u.som·eo of current Band r:o 
n · recell'in:: Ol' tr>\nslating devieo D. Tho 
controller· !1, if tleslred, mny consist of .two 
fixed clect•·o•lc..~ scpnrntO<l by n minnto Air-
gnp or ••e:~k dielectric fih11, which bronks 
down moro o•· less ·sncMculy when R definite ••s 
ditferonco of potent in! Is r·oached Itt tho ter
minals or tho condorlf;cr· nnd returns to its 
original st,nte upon the pll~snge of tho <lis
·cha.rge. 

Stlllnnolber modificntion is sholm iit l'ig. 130 

4, i11 which th• ROurco IS or rndl11nt enorJ!y i• 
n·spocl~l form oi Rooqt.j:on tubo doviscd by 
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111e, havio~ bo-t ;,ne termi<lal k, ·gonerl\.lly or 
aluminium, in the form of hnlf" spJu,ro,with 
r. plain polished enrraco on tho front eltlo, 
from ·which thO strOI\lll!l aro tbrOITII Olf. 1& 

5 may be e:.cite<l by nttaching it to ·one of the 
terJD innis of any gonoratorof softlciently high 
electrombtive !or<.'o; but whatever apparatus 
be osoo it is important that tho tnbo be ex· 
hBn11te<l to a·blgbdegreo, asothorwlseitmiglot 

'•o prove entirely ioel!e¢tlve. The working or 
discharge circuit conneotod to the ter.Minals 
T T of tho· condenser includes In thi~ case 
the primary p of a transformer and a oircul~· 
controller comprising a ftxetl terminal or 

15 l>.rosh t and a movable terminal t' in the shape 
of a wheel, with conducting and Insolating 

.segments, which 10ay be rotnteil at an arb\· 
trary speed by 11ny eultable means. In ln
tluctlvo relation to.tho primary wire or coil p 

20 Is a secondary s, usually of a much greater 
number of toms,. to theeu<lsof which Is con· 
nected a receiver ·R. The terminals of \he 
condenser bolngcoooected, as Indicated, one 
to 110 insula~d pl11~ P 11nd the o~ber to a 

• i grounded plate P', when tho tube Ble ox cited 
rays or streams of mattar Rre emitted from 
lhe same, whiell convoy n positive cb~~rge to 
tho plato F and condenser·terminal T, 1vhlle 
terruioal T' is continuously receiving nega· 

30 Ll\'O electrictt.y from tho pl11te J>'. This, so 
before oxplc.iu~<l resnlt.s in nn nccumnlat.ion 
of electr ical ('llergy in the condenser, \?bleb 
goes on as long ~ tpe circuit including tbe 
pt•imary pis interrupted. Whenever tho cir· 

35 cuit b ciGsGd owinl! to the rot-Atl<ip ot the 
terminal t', the stored ene,.gy Is discharged 
thrGugh tho primary p, this giving r ise in tho 
secondary a to ioduecd currents, which oper· 
ate tbe receiver R. 

40 It lo clear from wb11t bas been st&ted above 
that If the lermionl T' is connected to a plRte 
~Dpf>lyfng positive Instead of negative elee· 
tri01ty the rays should eonvey negative ol<ic· 
trlclty to plate P. Tho sout·co S mll.y be any 

45 form of Roentgen or Lenard tubo; but 1L is 
obvious from. the theory of nction that in 
or•IOT to be very eftoctive the electrical lm· 
pulses exciting i t shoul<l be wholly or at least 
proponderatiagly. of ooo" sign. If ordinary 

so symmetrical alternaUng cutTents aro em· 
ployed, provision should be miHie tor allow
ing tbo rays to fall upon the plato P only 
dnr ing tbo£e periods whe.n 'they 1\ro product,. 
ive of lbe desired ros•1lt. Evidently if tho 

55 ra!li11tions o! tho sou~ce bo stopped or In tor· 
copted or their itl tensity vnriod In any rul\n · 
ner,as by periodically lotorrupticgorrythmia· 
ally v~~ry!ng the current exciting the eooroc, 
there wll\ be corresponding chang..-s in· tho 

6o netion upon the receiver H, Rild thus slgn.W. 
may bo trllll$mlttod and t:(laoy other useful 
oaects prodaced. Furthermore, it will be un
derstood thahny form 9! circnit·closot wbiob 
will respond to or be not In operation wben n 

6s predetermined am olin t of energy to stored In 
tbecondonaermny bo nsed in lien of thodevloo 

specifically described with reference to Fig. 2 
and Rlso that tbo~pecial det.ailsof const ruction 
and nrraU(tOtnont of the several parts of tho 
nppl\ratns ruay ho \"ery groatly·vnrled wilh· 70 
out dep~~rturo from the iuvontlon. 

Havtog describe<! my lnontion, wha-t I 
clRI m· ls-

I. An appRrstus for ntllizing radiaut ell· 
!lrgy, comprising In comblaaclon a condenser,_ 7S 
one armature of which Is snbjeoted to the.ac· 
tion of rays or radiations, independent means 
for charging the other arma\cre, a circn1tand 
apparatus therein adapted to be operated or 
controlled by the dlllchargeof the condenser, So 
as set foHh. 

2. Au nppllrAtUR for utlll~ing radiant·Qn· 
ergy, eomorisingin combination, acobdenaer, 
one. armature of which is subjected to tho ac
tion of raye or radiations, independent moans 85 
for charging the other armature, a local ciT· 
cult connected with the condenser-terminals, 
a circa I t-cootroller therein and means adapted 
to be operated ot· controlled by tbed~hRrge 
of the condenser ""hen the "locl\1 circuit is 90 
closed, as set forth. 

a. An apparatus for utilizing radiant en· 
orgy, comprising in combl!::ation, D<X>Odenser, 
one terminal of which ia· subjected to the ae· 
tion of rays or radiations, indopeodent.means 9 :> 
for chl\rgiog tho otbor nrmature, a local eir· 
en it connected with tho condensor-torminaill, 
a oircuitrcontrollor therein dopoudent for op· 
oratiou on a ~tivco rlae of potentlalin thecon
·denaor, and devices operated by thedischargo 1oc 
of tho condenser whoa the locnl cirenit is 
closed, as ~et forth. 

4. An npparatus for utilizing mdlant en· 
ergy, comprising ic. cowbinutioo, acondeosor, 
ooo terminal of which is subjected to the ae- 105 
lion of r11ys o•· radintions, and tbe other of 
which is concocted with the ground, acircui~ 
aoclnpparatos therein adapted Ul be opert1t.ed 

. by the discbnrge of tbe nccomnlated energy 
In the condenser, as aot forth. 11 o 

5. An apparatus for utilizing radiant cu· 
"ergy, comprising in combinaticn,~con<lensor, 
one tel"minal of whicli is subjecto!i to the no· 
lion of rnya or radlatio:ls r.od tho otbor o( 
which Is connected with tba groand, a local ns 
circuit connected with tho :~ondense~·tormi· 
.nAls, a circuit-controller theroin and meAns 
lldo>pted Ul bo operated by the discharge of 
thecoodeneor when tho local circuit is clo3ed, 
as set fortb. 120 

G. An apparatus for utilizing radiant en· 
&rgy, eom prisi ng in combiontiou ,a condensor, 
ono terminal of wblcb is subjeetod to tho nc
tlon of rnys or fadie.tioos- and tho other or 
which is connected with tho ground, n loe:\1 us 
circuit connected wilb the ooodonser-tormi· 
Dills, a clrealtrcontroller therein adaptod to 
ho opernt.ed by a given rise of potentia1ln the 
condenaer, and dovicos oper11ted by the dis
chRrge of tho condenser wheu tbo local circuit '30 
Is closed, 1\8 sot forth. 

7 . .Au apparatus fo,-. .ntllizing r11dlnnt on· 
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r.rgy, cC)Inprislng 11 condenso•, h11ving'one ter· 
miunl connected to enr~h 11nrl the other to 11n 
r.le1·11ted conrlnctios·plnte, which is nd11pted 
to recei1·e the rny~ Cron1 11 distant source of 

~ radi11n ~ eRersr, 11 loc11l circa it counected witll 
the contlenser-termin11ls, 11 recei1·er therein, 
and 11 circuit - controller therefor which is 

• 

1\dapted to be operated by n given rise or po
tential In the condonser, Meet forth. 
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To all zchom it Tnay con-cern: 
Be it known thntl, NIKOLA TESLA,acitizon 

of the United St:.t.es, residing at the l.lorough 
of li!Rnhllttao; in the city, county, and St.Ato 

5 of Now York; have in von ted certain now and 
useful Improvements in Methods of UtilitiQS" 
RRdiant Energy, of which the following is a 
epecillcation, ro!orcncebeing had totbedraw· 
ings nccomtJanying nnd forming n pRrt of tho 

Io snme. 
It is well known that certain radiations

such as tboso of ultra· violet light, cathodic, 
Roentl(en ·ray:!, or tho like-possess tho prop· 
erty of charging and discharging conductors 

•s of electricity, tho dischurgo being particu
larly noticea.ble when the conducto1· upon 
\vbich tbe rn.ys impinge is negativolyolectri· 
fied. 'l'hesf: .radiations are gonornlly consid
ored to be ether vibrations of extromelysmRil 

:o wavo longt.hs, and in ox planation of the pho· 
nomqna n'<>ted it has boon nssnmcd by some 
:>nthclriti<19 thnt th<iy ionize or rooder con·· 
ducting J,!Jo nt•11osphere through which they 
nre pro[Jagatcd. My owu experiments and 

25 o!J~orva Uons, howov~r, lend me to conclu· 
sions moro in accord with tho theo•·y hereto· 
!ore :~~dvanced by mo that souroos of snc!J 
radiant energy throw off with great velocity 
minute particles of matter which are strongly 

30 olcc'~rified,and therefore capable of charging 
an oloctrical conductor, or even if noi so may 
n,t any rnfe discharge till electl-ifiod conduc· 
tor either by cnrryiog off bodily its chirge or 
other·wise. 

35 My present npplientlon is based upon a dls-
·~o,·ery which I .have Dtade that when rnys or 
.-adiations of tho above kind nre permitted 
to fall up.on nn insulated conducting body 
connected to one or ,the torminnla t>f n con· 

40 donser, while tho other tormlunl of tho sam& 
is made by independent means to.recoivo or 
to carry away eloct•·icity, a current Oows into 
the condenser so long as the. insulated body 
i.~ exposed to the rays, :>nd under th~ eondi· 

45 t.ions horelnafter specified an indefinite ac· 
cumulation of electrical en&rgy in the COD· 

· tlenser takes plnce. 'l'his euorgy nrter a sail· 
nblo tim&lntervnl,during which tho rnys are 
al!owctl to act., mny manifest itself iu.n vow

so orful discharge, which may IJo utilized for 
tho operation or control of meehaoicnl or eleo· 

trienl devices or render•cd ·usoful ill mnfl,Y 
other way~. 

In applying my discovery I provide a con· 
denser, prerernbty of coosidernblo elec tro· ss 
st~tic capacity, nn<l connect ono of its te•·
minals to an insulatod metal plate or other 
conducting body exposed to tho rays or 
streams of radiant matter. It is very i mpor· 
tont,particnlarly in view or t ho fact tba~elec· 6o 
tric1\l eo orgy is generally supplied at a v~ry 
.slow rate to tho condenser, to construct• tho 
.amo IVith tho grcntest caro. I usC> by pro!cr· 
once the bcstqualityof micansdielectric, t:\k· 
iog every pos~ible- precaution in insulati ng os 
the armatures, so tb.nt tho iost •·um.lnt mny 
withstand great elect•·ical pres.slll'es witbou~ 
leak in:;! nnd may IOAve uo perceptible clect~i· 
ficatioo when disebnrging inst:tntRncously. 
In practice I ba,·e found that the best results 70 
nre obtained with condcnsc1"S tr·eatcd in tho 
manner descri.bed in " patent grnnte<l to rno 
February ~3. !807, No. o77,G7l. Obviously tho 
above precautions should be thu mora rigor· 
onsly observed tho slower tho rat<> of cbarg· 75 
ing and the smaller tho timo interval during 
which tho eno1·gy Is allowed toaccumulnte in 
tho condenser. The insul:.ted plate or COD· 
dnctiug body should pre~ent as la1·ge a snr· 
face ns practicable to tho rays or streams or So 
matter, I having ascertained that tho nmount 
of energy couveyed to it per unit or limo is 
under otherwise identical conditions propor· 
tiona to to theareaexposed,or nearly so. Fur· 
thermoro, the surfnce should b& clcno and Ss 
pre!ornbly highly polished or amalgamated. 
Tho &ocond terminal or armature of tho con· 
denser may he connected to o11o of tho poles 
or a battery or other source or electricity or 
to any conducting body or object whatev&r or 90 
such prop&rtios or so con<litionod that by its 
m~ans electricity of the required sign will be 
supplied to tbe terminal. A simpla wny of 
supplying positiv& or ucgati,·e electrlcily t-> 
tho terminal is to concoct the same either to 95 
nn insulated conductor, support<>d at some 
height in the atmosphere, or to a grounded 
conductor, thO former, as is woll known, {Ur· 
uishlng positive and the latter negative elec· 
tricity. As the rays or supposed strenm• of IOQ 

matter generally convoy a positi,·o charge to 
tho firstcondenser· terminal, which is connect,. 
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ed to the plato orconductor,flbovo mooUooed, 
I usually connect t.he second terminal of the 
condenser to tho groun<l, this being t·ho most 
coovonieot way or obtni o iug ne(!ali ve electric· 

5 ity, <lisp~siu;; with the necessity of provid· 
log an artificial sourc<>. In order to utilize 
for any useful purro•e the energy accnmu· 
In ted In the condenser, I furthermore connect 
to the term innis or tbf1 same n circuit iuclnd·· 

to log an instrurileut or apparatus which it is de· 
sired to operate nod another instrument or 
device for alternl\tely closing and opening the. 
circuit. This latter rnny be any form of clr· 
cul t-controller, with fixed or movable pnrts 

1 s or electrodes, wbicb mlly be actuated eith~r 
by the stored eoe1·gyor by ind~pendentweans. 

The rays or radiations which a 1·e to be util· 
ized for the operation of the Apparatus nbo,·e 
descr.il>ed in gener11l terms may be derived 

20 from a nAturAl souree, :\S the sun, or may be 
artificially produced by such me:ms, tor ex· 
nm(lie, ns an nrc:lamp,a Roentgen tnbo,aod 
tbo liko, ant! t.hey may be e1itployed for a 
great variety of usefu I purposes. l 

•5 My discovery will b& wore fully understood 
from the following detailed description and 
annexed dra-.iogs, to wbich reference is IIOIV 
made, and In wbich-

FigtH·o 1 is a diagram showing typical forms 
30 of tbe dev lc~s or olomeots as arranged and 

connected io applying the method for theop· 
eration of a mechanical contrivnoce or instrn· 
ment solely by tho energy stored; anti Fig. 2 
Is a diagram maticlll represen tatioo of a modi· 

JS fiod Mrangoment suitable for special pur· 
pose.s, with a cir~ui t·controller Actuated by 
independent 1ncans. 

Referri ng to Fig. 1, Cia the coo<lenser, P 
theiusulated plate orcouducting body,whlch 

40 is expos~d to tho rars, nod P'aoother pinto or 
coed n(}tpr, nlll>ei n~ joi oed i u·series,as sho-.o. 
Tho torl11inals T 1' of tbo condenser aro also 
connected to a circuit including a receiverR, 
which Is to be opomted, and a circoit.-coutrol· 

45 ling dovico d, IVhicb in this caso is composed 
of two very thin coudncting·plntes t t', placed 
in close proximity and very mobile, oithor by 
reason of extreme flexibility or owing to tho 
chnrator of their support. To improve their 

so actioo,tbey should be inclosed in" reco(ltncle 
from which tho nir may be exhausted. Tbo 
receiver R is ~ho"·n as consisting of nn clec· 
tromagnH M, a movable armatu re «, a re· 
trnctile spring b, aod n ratchet-wheel w,'pro· 

~5 vided with n Spl·ing·pMvl r, which is pi\·oted 
to armature a, ns illnst.mt~d. Tho apparatus 
being arranged as sho\<n, it will be fot• ud thnt 
when the rndiatillns of the sun or of any other 
source capnhloof producing tho ~ffccts before 

6o dG.,cribcd fall upoo the plate P ao nccUinttln· 
Lion of elcctricnl energy iu the condons~r C 
will result. This pltenomenoq, I Iieliovo, is 
best exrlniucd as follows: Thosuu ns well ns 
other sources of radiaut energy throw off mi· 

6s nute pnrliclcsof matter positively electrified, 
which, impinging upon tho pinto P, cori:unu· 
llicato an electrical charge to tho same. The 

• 

OPJlOSite terminal or the cood~oscr being con· 
oected to the ground, which may be consid· 
ered RS A \'1\St reservoir or negatl\·e elocLrici ty, 70 
A feeble currout fto!"S continuously into the 
condenser, and iu:\..•much as thcs~ svpposcd 
particl~s a re of an inconceivably small rlldius 
01· cnr>•aturc

1 
nnd consequently charged to a 

relativ-ely very blglt potential, this charging 75 
or the condenser may continue, as I have 
found In practict', almost indefinitely, oveu to 
the point of rupturing tho dielectric. Obvi· 
onsly tthl\te,·er circuit. controller. bo em· 
ployed it should operate to close the circuit So 
10 whicli it is included when tho potential in 
the condenser has reached tho de.qired magni· 
tude. 'I:h us in Fig. 2 when Ute electrical pr·es· 
sure at the terminals ·r T' rises to a cerLI\in 
predetermined value the plates t t', attract· Ss 
ing euch other, close tbe circuit connected to 
the terminals. This rermitsa fto" of current 
which energizes the magnet M, causing it to 
dr11w down the armature a nod Impart a par· 
tial rotation to the mtchet.-whoel w. As tho 90 
cumint censes the arm~tltii'O is retracted by 
the spring b without, however, moving the 
whceltu. With tho stoppl\go of tho cur root 
the plllt~s t t' ce:}se to be attracted 11od Bepl\· 
rnt.e, thus restol'iug tho circnlt ~o its original 95 
condition. 

Mnny useful applications of this mct.liod or 
utilizing the rRd[ntions emanating from tho 
sun or other sou1·re and many ways of carry· 
ing out tho samo will at once suggest them· 1oc. 
selves froru tho nbo,·o descdption. By way 
of illustration a modified nrl'llngemeot ·is 
sho\~n in FiJl'. 2, in which the sonrcoS of ra· 
tliRnt energy Is a special Corm of Roentgen 
tube devised by me having bnt ono terminnl 105 
k, genortllly ot aluminium, in tho form ot 
h~lf a spbero with n plain polished surface 
oo tho front side, from which tho strea1os are 
thrown off. I t may be excited l>y attllching 
it to ono of the terminals of anr generator of tto 
snfficiontly· high electromotive fot·co; but 
whale vel' apparatus be nsod it Is important 
that tho tnbo bo exhausted 'to a high do"reo, 
ns otherwise it might prove llntiroly iooffect· 
ivo. Tho working or discharge circuit cou· 115 
nected to tho tortni'nals 1' T' of tho condenser 
inclndos in this c11.so t)to primary p of " traus· 
former nnd a circuit·controllor comprising n 
fixed terminal or brush t and n mo,·able tor· 
minnl t' io the shape of a wheel with condnct· 12~ 
in(! and insulating aegmonts which may bo 
rotated at no arbitrary speed by any suit.eblo 
menns. In iuductivo relation to tbo primary 
wire o1· coiiJl is a secondary s, usnally of " 
mnch ~renter nnmbor of tnrns, to tho onds of •=s 
"hich is connected a receiver R. Tho to•·· 
miunls or tho condenser being connected ns 
indicated, one to no insulated plate l' nnd 
th~ other to 11 grounded pinto I>', when tl1o 
tubeS 1s excited rays or strenms of 1nntter 130 
aro emitted from ·the same, which con,·cy n 
positive chnrge to the plato P and condenser· 
terminal T, while t.el'mloal T' Is coutinttonsly 
receiving ncgativo oloctricity from tho pinto 

• 
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P'. Tbls, a.s be! oro explninod, rMolts in an 
accumulation or eloctrie:~l ooergy in tho coo· 
denser{ wbicb goe5 on as loo;r M tho circuit 
ioclad ng tho primary p Is iotorrupted. 

s Wbonovor tho circuit is clo5od, owing to the 
t'Ot.allon ot tho terminal t', the stor&d energy 
Is discharged through the priwnryp, tbls giv
Ing rlso In the secondary s t.a loa need enr· 
rents which operate the recoh·er R. 

to HIs clear !rom what has been at.ated above 
tho.t It the terminal T is coooeoted t.o a plato 
supplying positive instesd oC negative eleo· 
triciW tho rays should convey negative ~lec
lrlclty to pinto P. The sourceS may be any 

•S form o! ·Roeolgen or Lenard tube; lint it is 
obvious from tho theory o.C llclioo that in or
<lor to be very eltoctlvo the olectrlcal lm
pulsos exciting it should be wholly or at IMst 
propondcrntiogly of one algn. It ordinary 

to syrometdcal Rltornatlng currants o.re em
ployctl, provision should lie made for allow
log tbo rays t.o fall upoa tho plate P only 
tlnrlng thoso periods when tbey aro prodliC• 
tlvo ot tbo dosired result.. EvldooUy if the 

··s rRdintloos or the source bo at.opped or lnter
copt.otl or their int.onsity vnrled In any mnn
ner, as by periodically lntorroptlng or rytb
micnlly vnrying the current escillog the 
source, thoro will be corNJs!JOndlog cbl\llges 

30 Ia Ute RCLion upon the rocc vor n, and thus 
·signals mny be transmitted nnd many other 
useful oltccts produced. Fnrthormoro,it will 
bo understood that any form oC clrcult·closer 
l<hic:h will respond to or bo aot In operation 

35 whon 1\ predetermined amount of energy is 
st.orcd In the condenser mRy be used in lien 
br the device spocifically described with ref
erence to Fig. 1, a'nd Rlso that the special 
dct.alls ot construction and nrrl\ngoment of 

40 the se,•eral parts ot tho apparatus ml\y be 
very greMly \'Dried without departure from 
tho lnvenLion. 

Having descril>ed my invont,fon, whnt' I 
clnitu ls-

~5 I. Tho utcthQ<l of ntlliting rn<linnt oncrgy, 

• 

which consists in charging one of t be arma· 
tu res of n condenser by rays or rndintions, and 
the otbor nrm:ttnre oy independent moans, 
and discharging the o:.ondonser through a suit· 
able rocolver, a~ sot forth. so 

2. The method of utilizing radiAnt en orgy, 
wLich .consist.:j in simult.aneously cbargln~ 
a condonsor by moans of rays or radiations 
and an Independent source ot eloctrlcal en· 
ergy, o.nd dtachnrging the condenser through 55 
a suitable receiver, as set forth. 

3. The method of41Lilizing radiant energy, 
which consists in cbar6fng one ot the arata
tnres of a condenser by rnys or radiations, and 
the other by Independent means, controlling 6o 
tbo action or o!l'cct of snid rnys or rndlnt ioos 
and dlsch~~rglng tho coodenscrthrongh 1\ suit· 
nblo rocol\·o r, ns Rot forth. 
· · 4. Tho method or utilizing radhmtonorgy, 
which consists in cbRrgiug ooo ot •tho nrm:t- 6.~ 
lures ot a condenser by rnys or radintlons nnd 
the other by Independent means, vnryln;r tho 
lntonsity or the sRid rays orradiationsRn•l po
riodically dlschnrging tho coudeuser t hrough 
n. suitable receiver, as sot fortb. 70 

6. 'J_'bo method or utilizing radlllntcoorgy; 
which con~lsls in directing- upon 11n olovatcd 
conduct.or, connected to oue of tbo Rrmntnrc~ 
of n condenser, rnys or. radiations cRpnblo of 
positlvoly oloctrifyiog the sllme, cMrying qtr 75 
electriclty..C•·om tho other armnturo by con
necting the eamo with· tho ground, and dis
cbarglog tho accumulated energy throngh n 
suit.able rccolvor, '"set forth. 

6. Tbe motbod ot utilizing ratliantonergy, So 
which coaslsls In charging one of the nrrua
tarl'S oC a condenser by rays or ratliations,:tnll 
tho Mbor bylndopendent menus, nbd eftcct
iogby the aut.omaticdisebarge of thonccumn
lated energy tl:e opotntion or control or n Ss 
soitRble rccoh·or, ns ·set forth. 

NIKOI.A '!'l!:SLA. 
Witnesses: 

bl. LAWSON DYER, 
HtCI!ARD DONOVAN • 
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To a.U whom U m<ty ooncel'"" 
Sa It known \hilt l , Nn;:ow. TBSLA, 1\ elt.l

zeu of tbelJni tGd States, realdiug In the bor· 
or.gh of Manb~ttan, In the city, couMy, 11nd 

; StRLe of New York, b11ve In vented oert11in 
oew nnd usefal Improvomonts in Methods of 
SlgnRllug, of whlcb t~o following Is 11 spool· 
ftoatlon , roforeuoe ~oing hnd to tlledr(lwln,;:s 
llCCOmpAoyiog lind forming 1\ p.'\rt Of tbe 

•o eame. 
In certain sy3teDJS fur trnnsmitthlg lntelll· 

,;:ible messKgas or ,;:overuiag the move mentA 
And Opel1ltions of distAnt AUtomatA eloctricsl 
Impulses or di~turbsoCOfl producod by ault-

r 5 llble llppnratus are cooveyed tbroogb the nat.
nrRI me!lia to 11 rocelvlag-cirouit cnpRblo of 
rcepondlog to the Impulses, and thereby of· 
footing the control or othor 11ppli11necs. Gcn· 
orally n speelftl dovico, highly sonsitlvo, io 

'o connected to tho r~lving·clreult, which In 
order to render It eti!l more susceptible and 
to roduco t.h" linhilily of Ita beio)! Rlfected 
by extraneous dlslurbnnces Is carefully R<l· 
justed so 113 to bo iu tuue with tho l.r .. namlt.-

•s t~r. By n scientific design of tho eooilio&: 
nod receiviog ci rcuits · ani! otber nppnr11tus 
nnd Bkilful n<ljustaoont of the samo these 
objocta mRy b~ In n meMure att.lllned; bnt 
In long exporieoce I have fouod tbat oot· 

JO wllbstandiog all construclh·eadvanlagee a ud 
oxporlroent.lll rosoorces tbiK motbod Is in 
many ~aSPS io&dequate. Tbus "bile I have 
•u~eeeded in eo operating selectively under 
eert.Rio fa1:orahle conditions ruoro thnn oue 

;s hundred receivers In most Cl\lleS i~ Is pa·ac· 
tl ~able to work successfully but a row, tbo 
number rapidly dlmlnlohiog ns, eithor owin~t 
to great distance or other uu.ses, tbe eo orgy 
available In th& tnned circuits bocomes 

40 sma ller aod the receiver~~ necessarily more 
delicate. E vldeody a circuit howo1·er well 
eooetracted aud 11djoeted to reBpond e:telu· 
afvely to vibrlltlons or ooe period Is apt to 
be affected by hlgber harmonics aoil still 

45 more so by loiVer ones. \Vhen tho oscilla· 
t iona a ro of a very hl&h Crequooey, lho llUrn · 
ber Of the eaootlvo bllorWOillcS Ul&y be lurge 
c.ud the raeeivor oeosoqaently o&sily dis· 
tarbed by e:nraooous lolloon~~ to ~ucb ao 

so o_ztco~ tba\ when vory abort wa'l'es, aucb na 
~boae produced by RerUIRn ap3rk aprmratus, 

are nse<lllttle 1\dvanlage In this reepoct Is to 
be derived frorn tuolnlf the clrcufta. U be
ing au hnpf'ntl.ive reqnlrtuneot to tnoa~ prai!· 
tic"l AppliCI\IiOn~ uf dUCb ayatelDS uf AiJ;D&I· SlJ 
log or iotelligence tn<nsaofealon tbl\t the elg· 
""'"or meu•ftllfe should be o~<olusfvo or pri· 
vate, it Is hl~hly desirl\ble t{l .do. "'~ay with 
the Rbove llrnltatlons, especiAlly In vie'7 of 
the f"ct which I hnve obse rved tbl\t tho in · 6o 
6uence of powerful eleotrical disturbancos 
upon ~ensitJvo reeeive~ ex1onda even on 
Jaod tO dillllnC._. Of DIRny hundred& Dr miles, 
and ~ooseqnPoLiy,ln necord"ueo with theory 
xtill fRrlh~r ou aoa. To overcome thM&di1\W· 65 
b><ck• nod to eualole a J.<ro&t nurnbor of trnn~· 
rnittiog ~tnd rocciving er<~ti~>ns to be operated 
selectively Rod oxclneively and without &ny 
dan~er of tho sl~:nals or on11s~~gos being dis · 
turbed, inter•cepted,or inrorfered with In nny ; o 
way is tho object or roy present iu,·entioo. 

lli'OIId ly •t.«ted, this invention consists In 
geoer~~tios two or more kinds or ciAS~~U or 
disturbances or •mpnlsos or distinctive cht.r· 
acter with -peet to their effect upoa are- ';s 
ceiving-clrcult and operating tlaoroby a dis
tAnt recelv•r whicb compriges two or more 
circuits, each of which Is t uned to reapond 
exclusively to ~be distnrbancos or impulses 
of ooe kiod or elMS ROd SORrranged tbaLtbe 3o 
Operation O( the receiver is dependent. UIIOD 
their conjoin~ o r reaultaoL action. 

By e•oployln!( ooly two klods uf d islarn
a nces or·eerles of lmpnlaea ineteAd or one, as 
hAS heretofore been done, to operate a re- z.s 
e&iver of this kind I have found thM snCety 
agniMt tho ill•turbiog in6uonces of other 
sou rces I$ iucrBased to such an extent that I 
bl>lievo this number to be 11m ply eulllclent in 
wo3t ce.ses for rendering tbe oxehanlt" of aig- go 
nals or mossaeoo rollabls aud exclusive; but 
io e,:ceptiooal loet.lloces "' ~:restea nnmber 
may be ~sed aad a d"'!ree uf sftfery ~~gaiost 
mutaRI Rnd extraneous iotorferonce 1\tt.Ained, 
such ns Is compRrable W that lloft'orded by a QS 
corn hi oation-lock. The liability or a receiver 
being actectod by distu r'baocos emao 11tiog 
from otbersources,·llll weilllS th~ t or the sig
nals or message& belog ree<•i•td by ioatru· 
menta for wbleb they are uot \uwnded, may t oo 
however, bo reduced ootooly by an increased 
oumoor of t ho ce6l)erotive o)•,turbancea or 
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series of impul~es. but.also by Judiciouschoic6 
of the Same and order in \.·bleb they are made 
to act. upon tbe receiver. 

Kvideotly there are II ;!rei\L many WI\YS or 
9 generAtin:: i10pnlsl'll or disturbances at any 

wave length, wave form, number or order of 
Rocc&~<Bi<'n, or of noy special cbaract.er, such 
aa ;will be l)apable or fnll\lling- tbe requi r&
meots 1\bove stl\ted,>md there 1\r<) 1\lso many 

:o ways in "uich snch impulses ordisturbaucos 
may be made to cooperate 1\nd to cause tho 
receiver to be Rctuatcd, and ina•ruuch 1\9 the 
•kill and practical l;tnowledge io tbose novel 
fields CMn only be11cqnirod by loJfg experience 

TS tbA degree of aafoty antl perfection llttained· 
will neceWAArily dep~nd upon the ahilit.y and 
resource or tho expert who applieA mv in von · 
lion; hut. in ortlcr to ooablo the •umo to ho 
nuooe.'lSfully p·racticod by ,;ny nerson IJ(l6· 

•o aessed ooly of tho more ;:ooeral knowludge 
Rnd exporionco in tbe•o brRnohes I shall de· 
scribe tho r.imptc.~t plno or carrying it out 
whirh is Kt pre-Mut knoo.·n to we.. 

For" IJ<,t.t..)r 1\UUu,a!.l\~dir~g or tho 8Ui:>ject 
25 reference is t1ow mado w the a<.:coropnnying 

drAWiOl;!il;, in trhfch~-
Figur6$ 1 r.od 2 repre•~ ot dingrnmml\tic· 

ally 1\n eprn:-nt.us nnd circuit connections or:n· 
ployod lit 1 !u; lleilding and receiving StGtlooa, 

30 Nlllpectlvely, for tbo pr.clioo of my invention; 
:md Figa. 3, 4, 11nd 5, modified means which 
may be employed in tho prnctir.nl opplicaUon 
of the lnvvnllon. 

I n Fig. ~. S' S' are t"'o Hpirallr.-wound coils 
35 oroonduotorsoocoecud witb tholriooereml• 

to proferably olevl\teol term in ala D' and D', 
J"Npectivoly, ami with their on ter ends to no • 
E~artb·piRto K. These two coils, conductor., 
or sysums D' 8' E and D' s• E bavn dift:erent 

co and euitabl;-<lbooon periods of vlbratlon,nud, 
aa pointed outlu other pnWnte relating to my 
~yet em of • norjly ned !otolllgooce tr .. nsmis· 
alon, th(lir l~ngtbs •hould bG suCh that the 
pointe of maximum prossurod;weloped there· 

45 In eoinoldo with the elevllted terminals D' 
D'. By ooitably·ChOt!<!o.periode or vibration 
a u"h periods aro rnCAnt 1\S will secure tbe 
gN>ntcst safety Against inLorferooce, both roo· 
tual and extrKneou•. The two ~ystems may 

50 ba~o olectrieal oscill11tiou~ lmpreS~<o•l upon 
them in nuy desired au\nnor con\'Oniootly by 

.t>nergizinl( thom throG;!h prim~<ries p· and P', 
piRced In pr~•iml!.y to tbem. Adjustable 
inductances I. and L'11re preferably included 

55 In the prltoary circul18 chiefty for .the pur-· 
poso of· rogulntiog the ratQS of the primary 
n~~elll~<tions. In the clrowiog•th~•" primllries 
P ' and P' ourrouod the coil• S' S' and are 
jol.Ded in series through tha iorlnctl\uci>s L' 

6o L'. contlnr.tor l:t". oondensont C' Anc1 cz, brustl· 
holders · l.l' 11nd H', and a toothed disk 0, 
wblob i&coooectod to the conductor 1<' and, It 
desired, ~;leo to ~ho ground·plllte !!:, no shown, 
two lndept~ndent primary circuits heiniC thus 

5$ formed. Tho coodoosors C' and c• nrc uf 
ouch capacity and tbo klduotl\nces L' V are 
10 &djmted l·hC.tG&Ch p rlmsry Is in close NlS0-

35 Nikolo Tesla 

on nee with Ita secondary system, a! I hl\ve 
explained In other patents granted to me. 
Tl .e brtll h·holdera B' and B' are capable In• ,,. 
dependently or 1\ngOJRt 1\0d, if D0088811rJ', 
also of lllterai.Wjol!tmont, so that aoy.deslred 
order of aoccossioo or any differencd of time 
interval between the discharges occurring In 
the two. pri01ary circuits may be obtained. 75 
'l'h•• oondensers being ener~:izetl from 1\ euil· 
abl·• IIOUrcP S, preferably of high potootial, 
aud the disk D being rot!\ ted, its projections 
or to1etb p p coming at perio~ically·•·ecnrrlog 
intervals iu verycloso proximity to or, RS tho acs 
Cl\98 tnay be, in contact wi ~h conducting rods 
or brush~8 n n CRuse tuo condensers to be 
•liscllarg~d in rapid succe•sion through their 
l"OM[><lOtive circuits. In this manner tbo two 
soooudsry. eystoms D'S' E 1\nd.l>' S' E nrooet 85 
in vibration 1\nd oscillate freely each at its 
propt·r rate tor a certain period of timo at 
every discharge. 1'bo two vibration• aro lm· 
pross<•d upon the ,~rround throojtb the plato 
E "ad opread to nJdislaoco reach inK tho ro· 90 
cehdn.:-sla.tion, which bas two similar cir
c.clts or system:~ e s' d' nud e ,').2 cfl, :\r,wgo<l 
Rnd coHnected in Lhe&n106tDttnuer and tunod 
to tho ustoms at theseodiug,stRtion, so thl\t 
each roupoods exclusively to one uf tho two 9S 
vibrRUons nroduced by tho trnnsmiuing np· 
paratus. T~e same rules of adjustment are 
o~r'I"Eid with respoot to the rcceiviug·cir· 
cnito, car<) being furthermore taken that tho 
tuning Is effected when 'Ril the appArntus is >o> 
connected to tbe circuita and plac"d in posi· 1 
tioo, s.s any change may more or l~ss modify 
the vihrl\tion. Each of the receiviog·cuiis s' 
Rod s'is shunted by Rlocal circuitcontainin)l, 
resp&ettve1y, seaeltiva devioos a' a'. ba.tt~rif\." 105 

9' b-3, Rdjusus.hle resist.nncl\s r' r 1
, nucl scnsi· 

tive relnyc R' R', 1111 joiued In series, as 
ehowu. 'rho precise connections and ar· 
rangements of tho vnrious recoiving in~tru· 
meo!JI 1\rO l"rgely imrnl\terial nod >nlly bG 110 

Vl\ried in ruftny ways. The sensitive d&
vic!'S U: a• may bG any of 1he w~ll·koown 
devices of this k iod-oa, fur example, two 

·condncting·Umninnls separa1eu by a minu!O 
air·gl\p or a thin fiho of dieleclric wbich is 115 
strained or weakened by n battery or other 
meKos to tbo point of broakiog down ar.d 
gi,·ee wRy to the slightest disturbing in flo · 
ence. Its rot urn to tho nonnat eensiti vo stat.o 
m1t.y bo socnrocJ by momeutArily-tnterrupt.lug 120 
the buttnry-cirouit.' 1\fter oach operation or 
otherwise. Tbo relays R' R'bave ar:nRturs.• 
l ' l', wbich are connooted by a wire w ""~ 
wbe·n attracted eotsblisb eloctrical contac - · 
11t c' aod c'. thos closing R circni~ cootalolog us 
a battery b' and adjust11ble resistance r' and 
" rol11y R'. From the above descriptioo it 
••ill bG readil.)' seen that the relay R' wiU bo 
oper11ted only wbon both cootl\ct.s c' and e' are 
clo~d. ·~ 

Tbe "pparatus nt tno sendiog·otl!tioo 10ny 
bo controlled io any suilablo m11ouer-as, for 
iostanco, by momentnrily closiog tho circuit 
of tho source S, t wc dl!!ereot elocrriOI!I vi· 
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bratlooa being omitted si111oltaneously or in mente or oirolilta, AS S' and 81, since a aoo
rnpid suoce&'lion, ·• m~<y be desired, at each ceasloll of U'avesor impulses o! difterentohar· 
closure o! tho; circuit. -The two receiving- aoteristics may be produced by an Instrument 70 
ciroulta at the distant etation, each tuned to having but one such circuit. A row t)t the 

5 respond to tho vibrations producoo by one of many ways which will re~dlly su11ge•t tbem· 
tbe elements or the transmitter, affect the selves to the e2~rt who applies Uly Invention 
sonsltlve devices a' and a~ and cause the re- are llluatrMed in Figs. 3, 4, aud 0. In Fig. 3 
ll•ys R' aod R' to be opera ted and contacts a transmitting system e s'.d'ls 1>1\rtlyahoot- 75 
c' 1\nd c' to be closed, tbos actuating there- ed by a rotating wh~el or disk D•, w.bich may 

o colver or ·relay R', which In turn establishes be similar to that lllostrated fu Fig. 1 and 
a contact c' nod bringa Into action a device wblch oota out periodically 1\ portion ot the 
a• by mOI\ne or a battery d', Included In a collorcooductors",or, !C<Iesired, bridges it by 
local clrcnjt, as shown. But evidently it Rn adjustable condenser c•, tbus altering the So· 
throughanyextraneottodlstarbanceonlyooe vibration of the system e s' d'llt suitable in.-

tS o! tb~ clrculta at tbe receiving-station is af- tervals and canslog two distinct kinds or 
fected ·the rolay R' will fall ~respond. Iu oiMsos of Impulses to be emitted in rapid suo
this way;. coromnolcatiou •oay b<> cnrried on cession tiy the sender. ln Fig. 4 a similar ro
with greatly-inoreased safety agl\iost inter- suit Is p roduced in the system e s' d' by pa- 85 
r.-.ronce and privacy of the Dle8Sl\ges may be riodfcally 6hort•CircuitiD)l, through an induo-

00 secured. The recelvlog-stl\tioo sbowu.in Fig. lion-coil L' and a rotating dial< D' -:;ith iu.u· 
2 ~~ ·oupposed to bo ono requiring no return JatiDit aud conducting o.~ga.ents, a circoitp' 
mMSSge; but If the use of tho ey•tom is such in iudncLlvo r~I;.Lioll to said system. A~talo, 
tba> this is nece88ary then the two stl\tlon~ io Fig. u three distirict vlbrat.ions are caused 90 
will bo similarly equ ipped, and any weil- to be emitted by 1\ syste10 e ttl d', this rexnlt 

>5 kno"n rilol\ns, which it is not tboup;ht nece•· buiog produced by in sorting periodically 1\ 
aary to illostrnte horo, may bo resorted to for number of tnrns of an induction-coil L' iu so, 
onabliug tho apparatus at ench station LO ries with the oscillating system by 10eaos of 
be used In tnro as transmitter and receiver. A rotating disk n• with two proj•ctions p" p' 95 
In like manner tho operation or a receiver, and three rodsorbrushosn', placed atnn 1\n· 

so M R•, may be made dependent iosf.ead of. glo of ouo hnodrod 1\od twenty degrees rela
opoo two upon more than two soch t.ra·ns- tivoly to eacb other. The three trnnsmittinJ:' 
rolttiog syRtems or clrcnits, and thus any de- sy•tems or <:ircuita thus produced may be en· 

. .'lirod dogroe o( exclusivoneas or privncy llnd ergiz&<l in ~h~ S&me mannerastbosootFig.l too 
r.d~ty agai nst extraneous disturbances mny orinanyotberconveni.entway. Correspond· 

>5 ho attained. Tbo apparatus ns illustri\Led in in~t to Gach of tbeso CI\Ses the recoiving-sta
Fil(&. 1 and 2 permlt!l, however, specilll re· tion mRy be provided with two or tbcep cir· 
cults to bo socurod l>y ~ho adjustment of the cuit.S in xn· aonlogous manner to that lllns
ordor or sncceasion of tho dischargoe of the trated in Fi)l. ~.it being undert<tood; of course, 105 
primary circuits P' nnd P' or of tho ti:ne in- tbl\t the different vibrl\tlons or disturbances 

40 torvale botween such di3cb.Mges. To ilhis- emitted by tb~ sender follow In aucb rapid 
trato : Tbe actlou or the rela)'ll R' R' may be suc0088ion upon each other thl\t they ni"EI prac
regull\ted either by &djueting tho weigbts tically simnltaooous so l11r 1\s tho oporation of 
of the levers l" l', or the strcQgth of tbe bl\t- such relays 11s lt' and R' iseoncernod. Evi - r•o 
toriea b' b', or tho resistances r ' r, or in otber dontly, however, it is not nec~ssnry to employ 

~s well-known ways, eo that when n cortain order two or tnoro recei ving-circniLS, but 11 single 
ofsuccessioo or time intorvl\1 bot ween the dis- circuit may be csed nlso at the recol\•iog-sta
chl\rgoe of tba primary circuits P' 11nd P' ex- lion constructed and arrang~d like the traus-
lstn at tbb sending-station the levers!' 11nd l' IDilting·circuitsorsystemsillustrated io Fi~;'S. r 15 
"ill closo tho contacts c·· and c' nt tbe same 3, 4, and 0, iii which case tbo eo;respouding 

so Instant, nod thus operate tho 1-..lay R', bot disks, as D' D' D', 1\t tho sending will bo 
will fail to produco this result when the order driven io synchonism with those at tho rccoiv· 
o f saccoeslo•i or or tho tirr.e interval between log Stl\tlons ns far as m11y bo na<:ossnr,y to sa-
tho dlscbnrge..'l io tho prio1e.ry cir<:uit.s is an- curo tho desired result; bnt l\"br.tover the oa. J 10 

o:her one. By thaso or simil~r mea us 11ddi- ture. of tho specific devices NlljJioyo<l it will 
ss tionalal\fety n~ainst <listnrb~<nco. from oth~r be seou tbaL tbo fund•uuentnl idea in my. in· 

oo11rcos may bo attained and, on the otber ventiou is the operatlou of a receiver ~y tho 
))and, the possibility a !Iorded or e ftocting the conjoint or rcsnltnut effect o( two or more 
operation oC olgnaling by varying tho order circuits each tuood to respond e:<clusi vely to r :; 
or 8UCCOS8iOD or thO discharges of tho tWO Cir- WK_Ves, ira pulses, or vibratiOUS.Of 1\ C!lrtahi 

6o colts. Ioate11d of closing ~tod opening tlio.eir- kiud or ch•ss pl"ocl ueed either SiiDUitsn&ously 
on it or the eonrce s·, es bo!oro indicated, for or succossivoly by a suitable trl\nemitter. 
tho (lurposo of s'lnding uistioctJiiiDRis it may It will be seen rroni a cousidernticn or tho 
bo convenioot to merely !liter tho period or nature of tho •net bod hereinbefore described 'l" 
eltborotthetrll.nsruit!log-clreuitsMbitrarily, that tho iuventioo Is llpplics.ble not only iii 

6s 1\Sbyvarylogtheinductl\ncooftheprim!lri<>s. thespeclallllann.er described, in .vbiob tho 
Obv.lously thoro· is no occoosity for using transmiaaion q( tho irupol!es is ~llt'Otod 

trAnsmi tters wHU two or more· Ulit!icct. elo~ . t.hrougb nnt.::~~l ~~i$ : huL for tho t.r~~·~m(s .. 
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ston of energy for any pqrpoae and whatever 
tlte 111edium through whlob the Impulses al"8 
conveyed. 

Whnt I clatm Is-
s I. The method-of o!X)ratlng distRnt r&· 

ceiver~ wbicb coosi~tsln producing and trans· 
ruitting i\ plnralitr of kinds or clAsses of elec· 
trical impulse~ or d isturbances, actuating by 
the lmpuls'ls or disturbance., of each kind or 

ro class one of a pi orality of circui!a toned to 
rGSpond to lwpnlse., of such kind or elMS and 
operating or controlling the O()E'ratlon of 11 
receivnr by the conjointllction of two"' .nor~ 
(I( said circuits, as set forth. 

rs 2. Tho method or signaling, which conststR 
in producing and transmitr.iott a plur111ity of 
kinds or cla-.•es or ~lO<'tricai impulses or dis· 
turbahces, developing by the impub'l•of each 
ciRBs a current in one of aplurnlityof receiv· 

·o lng-11frcuits tuned to res!Jond exclusively 
theteoo and controlling by moans or the coo
joint action of snch circuits a local circuit, 
lUI ROt forth. 

3. Tbo method ot si~naling which consists 
•s 10 prod'!cing 11 plumlit.y of series of impulses 

or disturbance.q dHToriog froro Bach o_thor in 
chnracter nod order of snccos..•don, A.Icit.iog 
by tho impulses o[ encb ~erles 0110 of 11 plu
rnlity of roe...vin!!·Circuits tunetl to respond 

30 exclusively thereto an<! controlling by the 
conjoint ac~ion o! such circuit'~ a locnl cir· 
cuit; as 3et rorLTi. 

4. Tho metitod ~ aignnling which con~isl4 
in prod ucin:; B plorality of aeries of electrical 

3;i intpufscs of dilfereut .ChllrBCter, vnryiftg ~be 
tim" iotervnl between the ODJission or such 
impulses, exciting by tbo irnpnlses or each se· 
ries one of a plurality of rec~il·iog-circults 
r.unAd to re•pond exclusf\·oly thereto nnd con· 

~o trolling hy the conjoint action of such ci r· 
cnits a local circuit, S<S sot·forth: 

6. The rnotnod or trAnsruittihgolcctrlc.l\l en· 
orgy for convpying intelligible ~i~tnS<Iij which 
.,onsists in prodncin~r a plurRllty of electrical 

.s i mpulsesor d iiierentchRrMter, developing by 
the impuls~s of each kind a current In one 
of a plur~<lity o( receiving-circuits tuood to 
rMpond exclusively thereto; controlling tbo 
action or effect of the transmitted impulses 

!:o upon tho receiving-circuits by v11rylng tbo 
Chnractor of Mid impulses, and operating or 
cootroliin(ltheoperntion~f 11 receiver by the 
conjoint Mtion of two or more or s:~!d recoiv· 
iog-cir<:nlts, R!C SOt rorth. 

6. Tbem&thodoftransmlttlngeleo~rlcaleo· ss · 
ergy wbiQb consists in produ~lng a plurality 
ot eleotriMI WI\ 'I<!$ or lmpulsos of diffeN'nt 
pt>rlodlclties, varying the order ot transmia· 
alon of tbe IYavos or Impulses forming ele· 
menta of the ~!gnat sent., according as one or f>o 
anot her rocA!vlng·~tatioo Is to he communi· 
cated with where (proporolrcoikloslng mech· 

.an ism being provided at eacb re-celving-stR· 
tloo) the transmitted signal will be lntelllgf-
ble at aod only at the Intended receiving· 65 
stRtion. 

7. Toe method of transmitting Intelligence, 
which aonsists in &electing Rod MSOCiatingto
getber In predetermined order of snocesolon 
two or more electrically-goner~tcd impulses 70 
ot different periodicity, forming elewonts or 
s igo11ls to be sent, anti transmitting snch s&· 
looted impulses with reference to the conjoint 
action of both or nil in the production of a 
signal at 11 distant pciot., snbstaotially as set 75 
forth. · . 

8. In nsystew or telegraphy, wherein sign~~ Is 
or mess11ges arosent by ~ho uso of n plurality 
or elect ric11ll mpu lsos or di Ire rent periodicities 
and in a predetermin<Xl order of succession; So 
tbe method ot ascertalnlo!S lit Roy particular 
station the ol\rtlou\llr sigoalsont to that sta
tion, which couststs In the 8eloctioo, to for~rt. 
a signal, of certeln transmitted impu)s(,S of 
different poriodic!Lles lind of a pretlet~rmined as 
order or snccesslon to tho oxclnsion of all otb· 
Orll, as set fortb. 

9. Tbe Improvement In tho art of t ransmit
ting olectric;,l energy which consists in oper · 
ntiog or controlling 11 receiving m<:ch_RnisUJ 90 
by a series or group of electrlcallmpulsPs or 
different periodicities and or a predetermined 
order, of sucessioo. 

10. In a system tor tbo tr11oamisslon of elt>c
t rlcal energy, Cor sending signals or messages 9~ 
to 11ny oue of two or more receiving-stations, 
the method Of trnnsmittfnll the mcSS!IgO with 
reference to the intellil:iblo receipt "thereof 
at tho desired stRtion, which cotisi•l'l in the 
tr11nsmis~ion or eiPCtriclli w"ves or impulses 1 00 
oC different periodicities in Yarylng order of 
tr11nsmittnl by 11 oopRrato order or groupin:t 
of trnusmittRl for 011cb receiving-station. 

NIKOLA TESLA. . 
Witnesses: 

llf. LAWSON DYKII, 
llENJ AWlN MlLLKR. 
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1'0 all whom. it 1lV IY COIICCrn: which the electrical chnr"'e chicny accumu-
13e it known that I, NmoLA Tt:SLA, u citi - lates, has 1tsclf a large ro~uius of cm·vature, 

zen of the United St,lt.,s, residing in the or os composed of separote clcrn~nts which 
l>orongh of Mnnh:otlon. in the CJly, county, i rrcspccti"c of their own radius of curvu~ 
:wtl ~tate of New Yorli:, lta,·c in,·cnk~d ccr· tnrc, nrc nJTan~cd in close proxirnitl to each 
lain new nnd nsefnllmprt·~mcnts 111 Appa- othco· und s6, t at the outside idcu sudncc 
r:ttus fo1· 'l'r:1 nstnitti ng ·: k~tri ca I Encr·gy, en\'cloping them is of a lurj;c radius. Evi-
of which the following IS a S\lccilicatoon. •·cf dcntly, the srnnlle1· the rndnas of cua·vnture 
crcncc bcinj had to the t 1·awmg :1 cCom the great(""• foo· a given electa·ic displace-
p~lll.}'i ng nn formtng a part of the sa. me. mcut, will l>c tho sua-faoc··density nnd, con-

ln cndc:t\·oring to ncbpt cut'l '<'nl<; ot· dt~· "'-"l!•cutly, tho lower tho limiting pressure to 
charges of \·c,.y lugh t.cusJon to Y:n·ions v;tlu· wh1ch t_hc tc rmoa!al n~ny l>c chn.rgcd without 
able uses, as the distril>ution of energy electa·acaty csc:opmg JOto the nia-. Such n 
through wires from crntral planL~ to distnut tea·minal I secure to an insulating support 
plnccs of coH::;mnption , Ol' the transmis.'iwn ent.cring tnorc or Jess into its intcrtor, nnd I 
of powerful disturbances to great disL1nccs, likewise connect tho circuit to it inside oa·, 
tha·ough the natural or non-artilici:ol media , generally, nt points where the electric den -
I htl\·e encountered daflicultics m confining sity is s'!lall. This plan of constructing nnd 
considcrul>lc amounts of clcct•·icity to the suppoatong a lughly charged conductor I 
conduclOL'S nnd prc\·cnting its l(.'akngc over h,l\·e found to be of go-eat practical impor-
their sup~orts, or its csc.'pc into the ambient tance, nnd it mny be usefully applied in many 
air, whic always takes place when the elee- wa.ys. 
tric surface density reaches a certain vnluc. l~cfcn·ing to the accompanying dra,•ing, 

The intens1ty of the clfcct of a tnmsmit- the tigm-o IS n ,-iew in elevation nnd part 
ting circuit with a free or clc,·n tcd tcnniJaal sccticn of an impa-ovcd free terrninul nnd 
is pa·opo1tionatc to the quantity of electric- (:i •·cu it of large surface with supporting 
ity displaced, wlaich is determined hy the ~t.ruclur~ and gc.ncrnting nppnrntns. 
product of the capacity of the carcuit, the The terminal D consists of a suitably 
Jli'I'SSllrc, and the freoJUCIICY nf the CIIITCnls shaped mcw1llic frame, in this case n ring of 
employed. To produce an clcctnc:d rno\'e· nC'arly circular cross section, which is cov· 
ment of tho required magnitude 1t is de- crcd with hnlf SJ)hcricnl metal plates P P, 
si rnble to charg" the termannl as highly ns thus constituting n vea·y lnrgc conducting 
possilolc, foo· while n great quantity of clcc- surface, smooth on nil places where the clcc· 
tricity an:oy also l>e displaced i>y '\ large tric chna·gc principally nccumnbtcs. The 
r .. npacity ch~•rgcd to low p1·cssu n~, there :li'C frame is caa·ricd l>y a strong platform ex-
disud\'nnt:1gl's met with 111 mnn~· ease.s when p a·essly proYidcd for safety apf,linnces, in-
the former is made too hll'gc. The chief of stnuncnts of ol>scrvation, etc., w 1ich in turn 
these n•·c dnc to the fact that. an inc1:cnsc of a·ests on insulating supports F F. These 
the cnpncat y entai ls a lowerin~ of the fre- should benetrutc far into the hollow space 
~'""acy of tho impulses o•· di sc targcs nnd a formed y the terminal, nnd if the electric 

inoinution of the cuco·gy of "ibrution. This density at the points whea·c they nrc l>oltcd 
walll>c understood whcq 1t IS borne in mind, to tho frame is still considcral>le, they mny 
lhnt a cu·(:uit with a large capacity bcha,·es be specially protected by conduct;ng hoods 
ns a s1aci{SPI'In~, whcrcllS on~ with a SJJlall ns H. 
capnci ~y 'acts II <c a stiff sprm~, ' ·ibrat1ng A pnrt of the Improvements which form 
tnorX' ngorous1y. Therefore, Hl 01·dcr to the sul>ject of this specification, the trnns-
ottain the hoghcst possal>le frc~ucncy, wh1ch !nitti!1g cit:cuit, in its general fcnl~1rcs, is 
for cco·taon pua-poscs is ndnwtngeous and, odcntocul wotb thnt dcscrll>ed and clnamcd in 
apart frc.m that, to d.,,·clop tho gr(o:Jtest my ori.gin~l Pnten~ Nos. G4~,576and_ 6491621. 
cuergy in such a transmittang circUit, I cin: The carcuat compr1ses a co1l A wh1ch IS in 
plo>' n terminal of rclati,·ely small enpncity, close inductive relation with a primary C, 
whach I clouo·ge to liS hi~h n p•·essm·c ns ~r:~c- nnd one end of which is connected to a 
ticable. To nccompliSJ tlus result I nvo "round-plate E, while it.• other end is led 
found it imperative to so construct tho clc-' ihrouj:(h a sepnnote self-induction coil B nnd 
\'Oted conductor·, that its outer snrfncc, on n metallic cyliodr.r B ' to t.he terminal D. 
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The connection to the )alter should always 
Lo made nt, or neur the center, in order to 
secure n symmetricol distrihutinn of the cur· 
1•cnl , ns otherwise, when the frequ~ney is 

0 \'Cry high and the flow of Iorge v<olume, the 
performance of the nppurntus m1~-:ht he 1m· 
pnit·e<l The primary C muy be excite-d m 
uny desired manner , from n ~uitnble source 
of currents G. which n1oy be nn alternator 

10 or con<leoser, the important reqUirement 
heing that the t't'SOnont condition is est:>b· 
lishcd, that is to soy, that the terminal D tS 
chorgecl to the maximum prusure de,·eloped 
in t he circuii, as I hn,·e specified in my 

16 original pntents befo1-e referred to. T he od· 
ju.~tmcnta should be marie with potticular 
cure when the t1·onsmitte1· is one of great 
pu,.,•et·, not only· on nccount of economy, but 
also in or<ler to 11void dnnger. I have Shown 

20 tlwt it is pt·acticable to prooucc in o resonat· 
ing circmt OS E A n D' D immense electri · 
Cl1l actil· itics, mc:tsurecl by tens nod even 
hundreds of thousands of horae-power, nnd 
in such n e:tsc, if the points of muimum 

~s pressure should be shifted below the ter· 
mi.nnl D, nlong ooil n, a bnll of fire might 
brenk out and destroy the support F or nny· 
thing ~lse in the wny. For the better ap· 
prectntion of the nnture of this danger it 

~o shoul<l be stated, that the destructive action 
mny' t:tke place with inconceivable violence 
1'hts will cense to be surprising w~en it is 
borne 10 mind, that the entire energy accu
mulntcd in the e:oteitcd circuit , instead of re· 

3~ IJ,IIit·ing, as under normal worltiog condi · 
t1nns, one quarter of the period or more for 
its trttnsformntion from !italic to kinetic 
£m·1n, 1nr;y spend ttsel.f in an 1ocumparably 
>1nnller interval of time, at a rate of mnny 

40 milli<m~ of horse power The accident is 
opt I<> occu r when, t ho trunsm1tting circuit 
bcmg st1·ongly ~xc1tl'9, tho impressed OS<:il· 
lntinns upon it ore caused. in nny manner 
more cor less sudd~n, to be more rapid than 

46 tho free oscillations. It IS therefore nd· 
'isablc t.o lx-gin t he adjustment.• \Tith feeble 
and somel<hat slo,<er implflStd oscillations, 
st"'ngthening nnd quickening them grad
unlly, until the apporatus has been brought 

&o nntler pt"rfect oontrol T o increase the 
~1\fety. I provide on n couvenicnt plftcc, pref
erably on terminal D, one or more elements 
or plntes either of somewhnt smaller rndius 
of curvature or protruding more or less be· 

~5 yond tltc othe1·s (in which cnse they may be 
of ldrge1· rndiusof cun·ature) so thnt,should 
the r-rtssure 1·ise ton value, bosyond "hich it 
is not desired to go, the powerful discha'le 
ntny dart out th~re :md !use itself harmlessly 

GO in thr air. Surh 11 plate, performing a func
tion similar to that of 11 aafety \lalve on a 
hir.h pressure reservoir, is indicotOO ot V. 
• Still further extending tho principles 
underlying my invention, ~pccinl reference 

65 is made to coil D and c:onuuetor 13' The 

latter is in the form of a cylinder with 
smooth or polished su rface. of n radius much 
larger than thot of the half spherical ele
ments P J> nnd widens out at the bottom 
1nto n hoo<l H. wh1ch should be slotte<l to 10 
n.-nid lo"-'l hy cddv current.~ nnd the pur· 
~ of which w1ll be clear from the fore 
~tning. Thr coil B i< \vound on a frame or 
clmm f)• or insulating material, with its 
turns cloo;e tol!Cther I have disco,·ered that ~5 

· when so wound the eiTeet of the small rndius 
of cunnture of the wire 1to;-elf 11 MPtC(ImO 
nad tho coil lx•h"'<'S os n conductot of lnrge 
1-adius Of CUf\:ttUrer-~4.-respondong IO that 
of tho d1·nm. This ft'llture IS of constder· 80 
oblo prncti.cnl 1111portnnce ond 1·s ~pplicnble 
not only tn this S1>ec1al tnstnnr.e, but gen· 
et'1llly. Fo1· e~nmplc, such plates at P P 
nf te1~ninnl l>, though preferubly of ln'1!1i 
rnclius of Ctll'\'ntun:, nt-ed not ))<' necessarily 86 
so, for prot' ltl•d oul,v that tho iodhidunl 
plattos Ol' rlemrnts of u high potentinl con· 
rluctor ru t~TIIIIIIal ore nrron~ in pros
tnllty to l'aeh otlter and with their outer 
bonn<lonril nlong an ideal syutmetricol CD· qo 
,·eloping sm·fncc of n large r-•dius of cun·4· 
ture, tho nd,·nnl.llges of the ln''l\olion '~ill 
be more 111· less Cully 1-enhzecl The lower 
end of the coil ~which, if desu·ed, may 
be extended up to the terminal D- should 05 
be sornewhnt hnlow the uppermost turn of 
coil A. This, T 6nd. lessens the ten<lency of 
the charge to hr~ak ou t from the "'ire con· 
ncctint: both and to pass Ilion~; the sup-
port F' · lOG 

Ha''>ng described my in<ent1on, I claim · 
I. As n means for producing grent elcc

trlul ucttvities n resonant rircuit having 
its outn conducting boun<laries, whir.h ore 
churged to 11 h igh ppt<lntiul, arronged in 106 
surfnces o l \urge t·udii of curvature so os 
to pl'o'·~.nt ltnl<ngo of the oscilluting charge, 
Sllbstuntinlly ns set foo·th 

2. In nppnrntus for the transmission of 
elect1·icnl energy a circuit connected to JJO 

·ground and to an elevated terminnl nnd 
ha,·ing iu outer conducting houndo.ries, 
which urc ~-ubjoct to hinh tension, nrrnn~ 
10 surfooes of lnri(C rndii of cm·,·ature sub
stnntinlly os. •nd for the purpose <lcscribed II~ 

S T n a plont for the transmission of olcc
tricul energy without wil-es, :n oombinntion 
with a pt'iutnry or e:otciting circuit n second· 
nrv connected to ground nn<l to on elo\"oted 
te;'tnllll\1 unrl having its outor conducting 120 
boun<lnrics, "hich arc chnrged to n hip:h 
potentinl, arranged in snrfnces of largo radii 
of curvature for the purpose of pre,·cnting 
leokogo nnd loss of energy, subst.~ntinlly ns 
set. forth 125 

~- As a mCllns for transmitting elcctric.~l 
energy to a distn.nce through the na~urnl 
medin n grounded resonant circuit, com· 
prising n pOt·t upon '<hich oscillations nre 
impressed nnd another for rnisinr; the ten· 130 
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sion, ha\'jng its ouW.r conducting boundnries 
on which n high tension cha•·ge accumulates 
:uT:mgcd in surfaces of large •·ndii of curva
'·'11'''• sub~tn ul.ially us described. · 

i> 5. The means for producing excessive 
lllectric potentials coJiSJSting of a primary 
exciting ci•·cuit and a resonant sccoodl\l'Y 
having its outer conducting elements which 
ure subject to high tension arranged in prox-

10 imity to each other nnd in surfaces of large 
•·adii of curmture so as to pre,·ent le.~kage 
of lhe charge and attendant loweri ng·of po
tential, substantially as described. 

G. A circuit comprising a part upon which 
15 oscillations aro impressed and another part 

for raising the tension by resonance, the 
Iutter part being supported on places of low 
electric density and having its outermost 
conducting boundaries arranged i]l sur faces 

20 of lnr<>e mdii of curvature, ns set forth. 
7. ~ apparatus fo•· the transmission of 

elcct•·ic.~l energy without wires a p;roundcd 
circui't the outer conducting element..• of 
wl1ich have a ~at aggregate area and nre 

25 :u·ranged in surf itces of large radii of cUr\'11· 
ture so as to permit the storing of a high 
charge at n small electric dens1ty nnd pre
Yent loss through le.,lmge, substantinlly as 
described. · . 

8. A wireless transmitter comprising in ~r 
combination a source of osci llations as a 
condense•·, " pr imary exciting circuit and ~ 
secondary grounded and elevated conductor 
the outer conducting bounduies of which 
are in proximity to ench other and arranged 3$ 
in surfaces of large rnclii of curvature, sub
st.antinlly liS described. 

9. In :.ppnrntus for the t raQ.Smission of 
electrical energy without wires an elevated 
conductor or nntennn ha~ing its outer high 4~ 
potential conductio~ or cnpacity elements 
arranged in proxim1ty to each other and in 
sul'faces of large radii of curvature so as to 
overcome the effect of thu s•nnll radius of 
cm·,·ature of the individual clements and 41• 
leakage of the charge, as set forth. 

10. A grounded. resonant trnnsmitting 
circuit having its outer conducting hound
aries arranged in surfaces of large radii 
of curvature in combination with an elc- &O 
,·ated terminal of !!rent surfncc supportod 
a_t points of l.ow erectric d<lnsity, substan
tmlly ns descr1bed. 

NII<OLA TESLA. 
Wi tnesscs : . 

M. LA)ISON DYER, 
RICHARD DONOVAN. 

. 
Copies ot this patent mo.y be obtained. tor O.Ye eents each, by a.ddrc:sshti: the "Commtutoner of l"ntenb, 

Wuh.lu~o.a., D. C."· 
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UNITED 'STATES PATEN'I OFFICE. 

NIKOLA TESLA, OF NEW YORK, N.Y. 

METHOD OF. ANO APPARATUS FOR CONTROLLING MECHANISM OF MOVINC. VESSELS OR VEHICLES 
• 

SPECll'ICATION rormillg put or Lcttero I'atent No. 613,809, t!Aied November 8,1608. 

!pplit•titl &ltd J;l7 l, 1888, 8trtal Bo. OU,Ut. Cit modd.l 

To all tc:horn.. i.t m .. n,y Co,,.c~rn.: 
Be it knowt> that J, NJKOLA TESI.A, a ciLi· 

7.en or the t:nited StRtcs, residing lit New York, 
in th~ county l\Dd State or New York, have in-

s ''en ted certain new and useful improvements 
in method< or •nd 11pp11ratus for controlling 
from II di$1:\nce the ·operl\tioo of tho propel
ling· engines, the .stt'ering apparntus, and 
other .mechanism carried by nloving bCX:iea or 

10 Oonting \'CSSCls, or which the following Is a 
specification, reference being had to the draw
ings accompanying and formin!l' part or the 
Mme. 

The proluom tor whi<:h t.hl' •nven•iou form-
•s in~ the subject of my present application at

lords a complete and pmctie~~ble solution is 
that of controlling !rom a .given point the op
eration of the prop~lllng-englnes1 the steer· 
ing npparntus, and other met'hllntstn carried 

•o by-l\ )ooving object, such ns a bunt or 11ny 
ftol\ting· ,·esscl, '•hereby tbe movomenta and 
course of sncb body or veuel mAy be directed 
nnd contrqlled frc.m n distance and any de
,·icc carl'icd by the same brougM into action 

•s at RDY t!esired lime. So tar M I a01 IIWM'O 
tho only nttempt• to solve this problem which 
have ht:rotoforo met with any measure of suc. 
~ss h:\\·e been made in connection with ft 
ee•·tnin etas.• or ve~sels the machinery of 

10 which was go1·erned hy electric curredlll coo
\'eycd to the c'ontrolling AppRM\tus through a 
Mexi!Jlc conductor; but this system is subject 
to such ob,·ious limitations as are imposed by 
the length, weight, nod strength of the con· 

35 du~tor which CtlD be pn~etlcnlly used, by the 
iliffi<·llity of maintaining with safety a high 
speed of the I' esse! or ch11uging the dii"'Ction 
or mo,·ement of the same witlc tbe ilPsired 
rapidity, ·by the. uooessity for effecting the 

40 control from a point which is praelical'y &xed, 
and .by many well-uuuen;tood draw !lacks In
separably connected with such a system. T.he 
plao which 1 have perfected inv-olves none or 
these objections, for I am enabled by the use 

45 of my invention to employ a.ny means of pro
p,ul•lou, to impart to the moving body or ves
sel the highest possible speed, to control tbo 
operation or its machinery and to direct ita 
movement& !rom either a flxed point o r !rom 

uo • body mooring and changing Ita direction 
howeyer ra.pidly, and to maintain this control 
over great distances withnnt any artificiAl 

counectloos between the vessel and the lip
paratus governing its monmeote a.nd with· 
out snell restrict.lonaas thesemua~necel'l!ar!ly s· 
impose. 

In a. broad s~nse, t.DCD, my invention dif· 
fers !rom all or tl\ose·a.rateme which provide 
for the control of the mec.hanlsm arried by a 
moving obj.ect and governing .ita motion in 6o 
that I reqalre noJntermedlate wires, cablos, 
or other form or electrical or mechanical con
nection with the object tiave the natural me· 
dia in apace. I aoeompliab, neverthelesS, 
'similar reeulta and In .a mnch m(!re pr10etiea· 65 
ble manner by producing waves, iJnpnlses, or · 
.radiations which are received tbroogl! the 
enrtb, wl\ler, o~ atm·oaphere by suitable ap· 
paratus on tho movlog bod; and ca.ueo the 
desirNillctions ao loog aa the !Judy remaloa 70 
within tho acth·e region or effective range of 
such currents, Wll\'Cs,lmpnlses, or r11diatlona. 

The many and difficult requirement& ottbe 
object here eontemnlntod, !nvolvin~t peeul!ar 
me11n~ for transmit.ting to 11 considerable dis- 75 
tRace an io nuence Cllpable of cRuaing in a 
posith·e 11nd reliable mann~r thMe actions, 
necessitlltcd tiiJl designing of de,·ices and ap
\laratus of 11 novel kind in order to otlllze to 
t he best auvant11ge varlooa facta or result&, 8o 
which, either through myo-..n investlg11tions 
or those of others,'ba ve been rendered prac· 
tic,.lly available. 

As to that part of my ln'l'eotlon which in
vohea tho prodnetion of suitable w11ves or Bs· 
variations and the conveying of the same to 
n remote receiving apparatus e~~pable of be· 
iog operated o.r controlled by their inllaence, 
it mny be carried out in various waye, which 
nre at the present time more or less under- 90 
stood. For example, I may pasa through A 
condueUog·path, preferably inclosing a large 
are11, a rapidly·varying current and by elec· 
tromagnetic induction or the &Rme atrect a 
circuit c1ul'ied by the 100I'ing liody. I n this 9;; 
case the action at·"ll'iven diat.11nce will be the 
stronger the larger the area Inclosed by th• 
conductor and the greater the rate. of chang' 
or the cur~ent. It the latter were generated 
iu the ordin11ry waya, the rate Of change, and I C>O 
consequently the distance at which the action. 
would be practically available for the present 
.PUrpose, would be very amall; bu' by lldop~ 
lng each meADS A8 ( have devised-that iB1 
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eith~r by pas.,in.g tbrougb the coiHlucti og-path 
currents of a specially- designed high- fre· 
<JUency alternator or, botter st-ill, thc.se ot a 
strongly-charr;ed coudeost>r -1> ''eryb1gh rnte 

s of cllanga may be obtained and th·e e!feoth·e 
range of ~he inl!uen~<> thus extended over a 
v&llt NeA, li,Jld by care(ully"adjusting the cir
cnit on the moviug body so as to be in cxncl· 
electromagnet_ic syn~hronism "'ith the pri-

ro mary disturbances this influence IIJ.AY ~ ptil
ized at great distances. 

Another WAY to car~·y out my iD\'enllon is 
to direct the currents o1·dischllrges ofn high
frequency machine or condenser through a 

rs clrcolt ODE' terminAl of which is connect.OO 
directly or ioductil·ely with ·the ground and 
tho other to a body, preferably of large aur
fsce aud l'ot an elevAtion: In tbis case if the 
circuit on. tho moving body bo similarly ar-

•o ranged or conneote<l differences ot potential 
on tbe terminals of the ril-cuit either by con
duction or electrostnrio Induction nro pro
ducedand thesarneobjectisattalned. Agai u, 
to &ecnre tho bestnctloo the receivlos:-circllit 

•s should bo adjusted so as to be in electromag
netic sync.hronism 1vitb .the primary sou•ce, 
as before; bot in this iustance It will be un
<lersLOOd by those skilled in the art that if the 
number of vibrations per nnit of time be the 

l" sarr.o tho circuit should 001• ha1'e a loogtlt 
of coodqctor only one-hair or that used In the 
former case 

Still ano.lhar wR.y tG to pass t.Ue currents 
simply th•ono;h the ground by connecting 

lS both the terminAls or the source of bigb·fro
quency currcnL< to eMth at dilreN'ot nnd ,..,. 
moto points an<\ to utilize the currents spread· 
ing through tho ground !or aff<'Ctln~ a re· 
celvlng-circait properly ph•ced aud lld)usted. 

.,o Again, Ia this instance if only one or tho ter
m foals or the rAceh·ing-drcnit oo connected 
to the ground, the other terminal bolng iosu· 
Ia ted, tbe adjustment as to synchronism with 
the source will rt'quire thnt under otherwise 

45 e<1nal conditions the length of wire be hlllf of 
that wb1eh would be ·used if both the tA:rmi· 
nale bo rooo<>Cted ;,r·, generally, it tho circuit 
be lo the form of a cl0600 loop or coil. Ob· 
vioasly also in the ll\tt~r cnso the relative po· 

5;0 sitltln' of the receh·iug and trarismittiog ~ir· 
co its Is of importance, whcre11.• if tho circuit 
be of the former kiod-tht\t Is, opiln - tbo 
relntlvo positioa of the circuits is, as a rnlo, 
of little or no consequence. 

;s Finally, I mny nvailmyselr, t!) carryiogout 
my la,·entloo, of electrical oscillations which 
do not follow any pllrticulnr conducting-path, 
lJnt propl\ttate in strlll!tbt lines through space, 
or rAys. "'" ,·es, pulses, or .distu rbances or any 

6o kind ~p,.ble of bringing the mecbanisrn of 
the mo,·in:: body into o.ction frorn a. distance 
:utd tH the will oC the operator by their ot!'ect 
upon snilaulo oontrolling devices. 
loth~ followin:; det.«lleddcoorlptlon I sbnll 

o5 confine rnyeclf to a.n explanation of thnt 
ot~thod and upp.'lratus Only wbicb I bave 
round to lie tho moat practical and e(i'eotuBI; 

but ol>vion~ly my in\'eut ion iu its brond fen· 
tnr·cs is not limited to the spcci:.l mode 11nd 
apr>llauces which I h:\l'e de~lseq and shall 70 
1tere 'describe. . 

In 1\ny event-that" to "''Y· whichever of 
tbe a.bove or :<imilar pl11ns l rosy adopt- ant! 
plfrticu larly-wben tbe intlu~nco exerted from 
a. distanr.e upon the recciviug-c(rcnlt be. too 75 
small to directly and reliably ntfect and nctn
att> the controlling appRratns I employ auxil
iary seosith·e relays or, generally speaking, 
me .. ns capal>le of tieing brougbe into action 
by tho feeblest inftuences io order to elfect So 
the control of the mo\·emen.ts of the disl.llnt 
body with the lenst possible exponditnre of 
enel'gy and ttL the grentest practicable dis
tance, thus extending the ran::c and useful· 
ness o! my irl\'ention. ' . Ss 

A great·varlety of elect1·icn1 autl other de· 
viMs more or less snitnble !or· the purpose of 
de tel ing and utilizing feeble 1\Ctions nre no\v. 
wellltno'"n to scient.itlc men nod 1u·t-isnus 1\ntl 
need not boall enumerated bert>. <'-oafit(iog 90· 
myself merelv to the electl'ic"l ttS the mos~ 
practiCAI.Jieo( such means and referring only 
to those which, while not the most Aensith·c, 
Me perhnps more readily &1'11ilnble ft·om tho 
more genernl knowledge which Clliste regard- 95 
ing them, I may stAte that ll COiltl'il'llllCe mlly 
be usecl whicl1 hns Ions: boco known nnd n•e<f 
as n Jlgbtniug·nrrester in COIIIII\CtJon \\'ith 
telephnne-•wlt<lbboat·ds for operating Rnnnn
_ciators nnC.: li!ttY<l-evi.ee~, compn~ll!S' n but,.. 100 
tery the poles or \vltlch are connected to two 
con<luctiog·tel·miiuil~ •epnrnted hy n mlnnto 
thickness of diclc~tH•·. The elrctromoth·e· 
tor~e or tho bauery should bosuch ns ~ostrnio 
tht~ thin dlelect1·ie lnrer 'c1·y ncnrly to tl1e ros 
point ot breakiug down io OJ'der to ioereaso 
the sensitiveness. \\'ben Mil electrical dis
turbnnce reaches " cir·cuit so nrmnged nnd 
adj usted, additlollnl straip is put upon tho 
insulntiog-Jllm, .vhich gi\'eS "'llY and nllowe 110 
tho pnssage of a earreul which can be util-
ized to oporat,e any Corm of circuit-controlling 
11pparntns. . 

Again, 11nother coul.riv11ncc cnpablo of he: 
ing utilized in detecting feeble cfoctrical ef· 1 rs 
Cect.s consists of two cond ~cti n~ pl11tos or ter
minnls which hav~. preferably, wire!! of eomo 
length a ttached to them aod are bridged by 
a mass of minuto particles of atet:tl or l)tlter 
conducting matoriBI. Normally theso par- 120 

ticles lying loose do oot connect the motA! 
plates; b!Jt under tho lotl uen~e or Ill! elee
tricAI disturbnace produced at a dlstaoco, 
evidently owing to electl'091.&tie attraction, 
thoy Are pre~>Sed fjrotly against each other, 125 
thus establishing a ~,:ood electricnl connection 
between the two terminals. Tbis clinnge of 
stato may be made use of iu a number of ways 
for the above purpos~. 

St.ill anothe~ modified device, which ml\y 130 
be Mid to e!Dbody the fenturcs of both the 
former, is obtained by ~onoect ing 1 he two 
cooduetiog platasortorminnls above rderrod 
to pormRnontly with the )'>Oles nC " battery 



013,809 

P-365 

a 

which should be of very constant electromo
tive force. In this .·arrangement a distAnt 
oloctrical disturbance produces a tlfofold ef
fect on the conducting particles and insuiRt-

5 in~- films between them. The former are 
brought nearer to each othe•· In consequence 
or the sudden lncrea.•e of electr08tatic Attrac
tion, and the latter, on·ing to this, AS wellns 
by belo~ r~uced iu thickness or in number, 

to arc subJected to a Uluch greater str .. in, which 
they are unable to withstl<nd. 
. It will be ob,·iously noted from the ;lre

cc<ling th~>t whiche,·er of these or Aimihw 
contrivance$ be used the sensitiveness and, 

1) what is ofteu still moro important, the reli
nhility of operAtion is nry ruatel'inll)• in
creR..•e<l by" close •t-djustment Of the p11l'iods 
of vibration of tho transtnitting and receiv
ing circuits, nnd, although ouch ndjusttnent 

2o is in nmny cases unnecessary for the succose
.ful c11rrying out of my in\·cotiou, I ne\'erthe
less 1111\kO it 11 rule to bestow upon this fell· 
tut·e the gre11test possible care, not only l.Je. 
cause o! tho above-mentioned ndval\\ages, 

' 5 '•hicb aro secured by tbc obse.t·,·nnco of the 
mostfa,·orablecontlitions in thi~ respect , hut 
:\lao nnd chietly with the object or pra\'cnt
iog tho recch·in:;·C"ircuit from bei11g nfTccte<l 
by ~\·es or disturbances eman&t.ing from 

.so sources not undcrtltecootrol of Uleoperntor. 
The narrower the range of vibrations which 
1\rC still cnr.~>ble or percoptibl!• ntrecUog the 
rec~iviog-circuit the safer will the lntter be 
agl\inst oxtrnoeons dis to rba .ttes. 'fo secnro 

35 tbe ~st' result, it is neuessMy, ns is well 
kuown to experts, to coostrnct the receiving
circuit or tht<t part of the Sll•ne in which the 
vibr11tion chiel\y occurt~ so that it will haro 
the highe.•t pOS!iiblo se1t-ioduction aod Rt the 

40 ~ame time tbb least possible resistance. In 
this tnnnuor I h1we demonstl'l\ted the prnctica
bility of pru,·idiog a ueat number of such re
cciving-circuits-tHty orn hundred,or more
et<ch of which may be c111led up or brought 

IS iutoactioo whene.·er desired without the oth · 
ers being interfo.rcd with. Tbis result mnkes 
it PQSSible for one operator to direct simul· 
taoeously the mo,·ements of a nnmber of 
bodies RS well ns rd control the 11etion of a 

50 noml.Jer of ueviccs IOC:\ted on the same body, 
ench of which ntay bn,·e 11 distio~t dul.y to 
fu lfil. Iti tho following description, bow
ever, I sbnll show astlll further de-velopment 
in this direcfiun-uamely, bow, by m:.king 

55 u~e oC merely one roceiving·circuit, a grel\t 
vnt·iety of devices m11y be 11ctualcd nod noy 
uu mber of different functioos performed at 
the will ~nd cotnmand of tho di~t.Ant oper-
Rtor · 

6o It sbould 1>o statca tn uuvance io rcgaru to 
tl e sensitive devices abo\·e montlooe<l, whiOb 
may be brondly considored ~s bclougin~ to 
o~e class, int<sm uch as the operation of all 
oC them iovolves tho bre11kiug down of n 

6s miouto thicknE::Js of highly-strained <liclcc· 
tric, that it i~ necessary to mftke some pro vi· 
6ioo for automr.tic.'<lly restoring to thedielcc· 

t~lc its origin Ill uotmpaired insulating qaall
ll&s In or-der to enable the device to 1>e used 
in ~ucce!;sh·e operations. This iS usually 1\C'· 70 
compliabed by a g~utle .tapping or vil:tratlon 
of the electrodes or particles or continuous 
rotation of the same; bot io long experience 
with many fortil~ofthesede\·icesiheve found 
th11t such procedures, while suitable In simple 7 5 
ao<l conp&ratively unimportant operaticoall, 
as or-d:o~~ry sigaftling, when It Is merely re
qui red tbat the succeedhig effects produced 
in tho receiving-circuit shot1ld differ io re
gnrd to their t•elati ,.e duration only, in which So 
case it is of little or no consequence if some 
of tho individual effects be altered or Incom
plete or evert entirely missed, do not yield 
st<tisfs.ctory results io many instances, wben 
it may be \'ery importantthattheelfectspro· a, 
duced should all be euetly sucjl as desired 
nod t.bnt none should fnil. To illustrate, let 
it 1>e suppoMd that an of!lcial directing the 
movetDent.., of 11 vessel in the m11nner de
scribed should fiod it necessary to bring into 90 
action a special device on tbell\tter or to per
form n particular op~ratioo, perhaps of vital 
moment, nt an instnnt's notico and possibly 
when, by design or accident, the \'esse! it..•elf 
or aoy mark indicating its presenco is hidden 95 
from his view. Jn this iostlince a failure or 
defective action or 1\ny part of the apparr.tos 
might ha~·e disastrous couseqnooces and such· 
cases in which the sure aod timely working 
of th!l m11chinery i~ of p11raruount 1mportance 100 

may often present t-hemselves in practice, and 
this consider11tioo has impressed me with the 
necessity of doing'"w~y with the defects in 
tho present devices nod proce~urea and or 
producing liD app~~ratus which while l.Jeiog 105 
sensitive wil111lao ~ most reliable and posi· 
tive In its action . In thenrrangomont bere
in~<itcr descril.Jed the.Je defeol8 ~<ro O\'ercomc 
io.n most satisfl\ctory manner, enabling thon
sandsof su~iveoporalioos, in nil respecls 110 

alike, being performed by'tbe controlling ap
p~~rnt.ns without a single irregulr.rity or miss 
being recorded. For a better understanding 
or thesn nnd otherdotnils of the invention as 
J now carry tltom out I would refer to the IIC· 115 
compaoyiog drawings, in v.·hich-

Figure 1 is 11 pll\n \'iC\V of a vessel aod 
mccllaoisUl within the Slltne. Fig.:! is a lon
gitudinal section of tho•amo, showing the in
terior utechanism in side elevation. Fig. 3 is • >O 
a pl11n view, p~~rtially di11grammatical, of the 
vessel, appMatu~. and circuit connections of 
the same. Fig. 4 is 11 plan view, on an en
larged scale, or n portion of tho controlling 
mechanism. Fig. o is nn cod \'ie" of the us 
eam<1. Fig. 6 sho..-s tho same mechanism io 
side elevntiou. Fig. 7.i~ a sit.levic'• of n tie-
tail of the mccltnoistn. Fig. 8 is a central 
seotionl\1 view. on a lArger scnlo,.or a scnsiti ve 
device forming part of the receiving-circuit. •J" 
Fig. 9 is" diagrRmmntic illustration of the 
system in its preferred form. Fig. 10 is a 
v'iow of the various mochanfsm9 employen, 
but oo n h\T~er SC:lle, and lcavin~outorinffi 
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eAting con,·entioollll) cortnio parts of well· 
understood chArl\cte•·· . 

Referrin~ to Figs. 1 a•ltl 2, A designates aoy 
type of ve98el or vehicle wbicb is cRpable of 

s being propelled and diroctw, such a& a boat, 
R bnlloon, or a carriage. It mAy be designed 
t.u C/lrry in 1\ suitable compartment ll objects 
of any kin<!, .Ae<!ording to the nature of the 
uses to which it is to be applied. The ves· 

10 •ol - in this instance a bol\t-is provided with 
suitable propelling w11chioery, which is shown 
liS COmprising& SCrew-propeller C, oecured to 
the shRCtof Rn electl-omagoetic motor D, which 
derive.• its power Croq1 stornge bl\tteries E E 

15 F. F.. In ~<dditi.on to the propollingeuginoor 
motor .tbe bol\t earries 11lso a smRII steering· 
motor F, the •haft or which Is extended be· 
yond its bearings aud provided with a \rorm 
which meshes with a toothed wheel G. This 

zo lntt~r is fi~cd to a sleeve b, freely movable oo 
11 no·tical rod 1!, nod iH rotated io on" or th£· 
other direction, a.ccordiog to the direction pf 
rotl\tioo of the motor P: 

Tile sleo\·e bon rotiH is in gear, through 
25 tho cog-wheels II' aud ll", "·ith a spindle G, 

mounted in \'ertical bearings at tbe stem or 
the boat an<l caro·ying the rudder F'. 

The apparatus by means of which the op
• erAtion of both tho propellin~ ~~~~.) steering 

10 mcchanisrusjs coo trolled invoh·os, prima•i ly, 
a receiv ing-circnit, which t.oo· ron•on• be!oTe 
stated is preferably both adjusted ADd r.en
tlered seu~iti\·e to the in finance ot waves or 
ilnp ulses cmnnatlog from a remote source, 

}S the aJjn•tm•nt being so that the period of 
osciliAtiou or the circuit is either the AAmc as 
thnt cC thn sourco or " lu\rUlOnic thereof: 

The recei\·ing-circuit proper (diagrammat
ically shown in .Figs. 3 11od i O) comptises n 

•0 termllll\1 F.', con<fuctoo· c·. "t:eu$ith·n device 
A', and e.zonductor A", leAdi ng to tbo gronud 
con,·cniently through n conl\ectioo ·to the 
metnl.kccl t:• of tho ,.e5scl. The terruinal r:· 
should present '' · l:u-;;e contluctiug- surface 

45 and should be supported r1s h igh "s prncticll· 
bleon !\Standard D', which is shown as broken 
ir. Pic:.~; but. such provisious R~e oot tdways 
ue@>~sa•·y. It is important to iusulato ver.v 
Wt~l l ~he COOdHClOI' 0' in WhAle\:er.,Jnnnu&r it 

so bo supponed. 
The circuit or pnth just referred to forrus 

also" p.1o·t oC aloctll circuit, whic h h<ller in
cludes a r~lay-magnet a nud n bat tel")' a', tho 
elP.ctromot!ve force of wh ich is, as.beforo ox-

55 ph•ined, eo det<\rmiuud thnt although the di
electric lj\)"ors in the sensitive device A ' ue 
subjected to u ~:•·eat strain, yet norml\lly they 
withst.aod tho strain nod no apprecillblo cur
rent nows thl·ougb the local circuit; l>ut wbsn 

Go an electdcnl d isturbance reaches the circuit 
the dielectric films 1\re broken do,.n, tho re
sistuoco of tb~ ·dovico .A' is ~ud<lenly and 
gre11tly dim in!$hud, aod 1\ cur~·ent traveo.,.es 
the rcluy-mugnet A. 

4S 'rho }ll\rticuh.r seositi\·e d&vlce employed 
is s!towu iu geu 0ral viowg nod iu detl\il in 
Fig•. ~. 6, 7, and 8. It consists oC a.·metal 

. 
cylinder c, with iosolatiog-heads c', through 
which passes a. ceotr11l metallic rod c". A 
small ~uantity of gtl\ios d,o! conducting rna- 70 
terial, such as an oxidized metal, is placed in 
tho cylinder. A metallic strip d', ~fcurod to 
an iosulMed post d", be!ITs agaiust the side 
of the C)"lioder c, coonectiog,it with the con
ductor c·. forming one part of the c ircuit. 75 
Tbc central rod c" is coooectecl to tho frame 
of the instrument and so to t.he other part of 
the circuit throogb the Corked metal Mm e, 
l.ho on<ls of which ·are fastened with t1vo outs 
to tho !trojecting ends of tbo ro<l, by which 8o 
means tho cylinder cIs ~upported. · . 

In or<lur to intorrnpt tue ftow of bKttery
current wblch is started through tho Rctioo 
of tbe sensitive device A', speci~l means aro 
pro,•itled, which arc as follows: Tbearmatnre 85· 
t' ot the magneto, when Rttrl\ctcd by tbe lat
ter, closes 1\ ~i rcuit containIng 11 bl\ttcry b' 1\0d 
mRgnotf. 1'he srmatuo·o-lever f' of this mag- · 
DQt is fixed to a rock-shl\ft/", to which iss&· 
cured 11n 1\ocbor-oseapoment g, ·which con· 90 
t rol~ the tn OI'ement.s of a spiodlo g' , driven by 
a clock-train IL The spindle g' has fixed to 
it a disk tf' with four pins u", •o tbat Cor each 
osci 111\tion of t be cscapomen t (1. tho epi nd ley' 
is turned through on~-quart"r of 1\ rovolu· 95-
tion. One oC tho spindles in theclock-traio, 
as 1., is geared so as to make ooe-lwllf of a 
rovol u Lion Cor each <luartcr· revol utioo of spin-
dle g'. Tho en1l of tbo fot·mcr spindle ex
tends through the side of tho fr&ooe 1\Dd c&r· Joe 
ries an ccceo t rlc cylinder h' , \tbich pll8&el 
through a slot In a le,•er h'', pivoted to th& 
side of tbo frame. Tho forked .arm t, which . 
SUpports the C,Ylindor C, is pivoted to th9 eod 
of e<·cootric h, and tbe eccentric aod aaid 105 
arm are connected l.ty a spiral spring l. Two 
pies i' i' extend out !roru tho levor h.'', aod 
one of theso is nhmys in the pnth of n,pro
jection oo arm .e. They Qpers.te to prevec 
tho turning of cyliudet· c with tho spindle h. 110 

1\nd tho eccentric .. It will be evident that a 
h~<lf-revolutiou of tho spindle h will wind op 
tho sp•ing i and at -tho same time rahe " 
lowor tit•} lever h'' , nnd thoso parts are s) ar 
ranged thnt jost beforn tho htllf-revolution of 
the spindlo is completed tbo pin i', in engage
went with projection or stot>·pic p, is with· 
dri\WO fo·otn its path, aud tbo cylicde•· c, obey· 
in~ tho force or tho spring i, is suddenly 
t urncd cud for cod, its ruotCon bciu;; checked · 120 
by tho other p in i'. '!'he ·adjustment rola·· 
th·oly to armature!' of mn~:netf is further· 
more so ona<le that t·ho.pin i' is withdrnwn at 
tho motnent when the nrmature ba~ nearly 
reached its o>lreme position in its approach llS 
toward Lho mnguet-that. is, when tbo lever 11 
which carries t he tirmaturc /', almo~t touches 
the lower ono or tho two stops s $, Fig. 5-
which limits its motion in bolb di-rections .. 

Tho arrangement just· described has been •Jo 
the ooesu l t of long eKperimen tin:: with the ou· 
joct ot overcomiug certaio defects In d6Vie<,• 
ot this kind, to which reference hils beeu 
made beforo • . These defects I luwe fonnu to 

• 
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be due tp many en uses, na the uocqnnl sixo, 
weight, nod shnpo or tho grains, tho unequal 
pressure which results from this nod froontbo 
manner in which tbo graios are usually agi-

S t.tlted, the lack of uniformity io the coodue
li\'ity or the snrfRee Of the partiCIClJOI<iog lO 
the varying thickness of the superfocilll oxi
dized layer, the \'Rrying condition or the gas 
or ntmospbcro in which the particles KNl im-

IO morsed,nnd wcerLalndoficiencies, well known 
LO e xports, of the transmitting apparatu~ M 
heretofore employed, which arc in n largo 
monsure reduced by tho nso or my improved 
high- frequency coils. To do away with the 

•s deCocts in the Sensitive device, I prel)llre the 
particles so thnt tbey will be in nil reapeclll 
lS nearly ali~c 1\.11 po!'Siblc. They nre oJanu
fnctured by nspccinl wol,insuring tbcircqnnl
lty hi size, \VOight, and shape, and nre then 

>O uniformly oxidized by plncing them for n 
given time in an acid solntion of p1·odeter· 
min eel strength. Tbls secures equal cond uc
til"ity or tbeir :rurfacesaod stops their further 
tletcriorntion, thus pre•·eoting a change In 

>S thO Chl\rncter Of thO g:u in tbespacc iu ~bleb 
they nre inclosed. 1 prefer not LO rnrefy t~c 
ntmospbero within tho sensitive de,·ieo, as 
this hns the cll'cct Of rendering tho f0r100r 
less const.:Lnt in regnrd to its dielectric prop-

JO crlics,l.lu L merely SOCII ro uu n i r-tight luc losu ro 
of tho particles nud rigorous obscoco of ouois· 
lure, which is fatal to satisfactory working. 

The uorwnl pMition or tbeeylinder c i~ ver
I icctl, Rod wbcn turned in tho· mnooer de-

JS scribed the. grAiog lo it nre simply sblftod 
from one end to tho other; but inrunoucb u 
they always fctlltbrough the same SPIIOO and 
are subjected to tho snme ngi t.ation thoy ore 
l.lrongbt lifter each operation or the relcty to 

co precisely the sarne e loctrical cooditiou nnd 
oil' or tho same rcsisLAoco to tho ftow of tho 
bnltory-curreot until another impulse from 
nfnr reaches the receh•iog-circoit. 

Tho rela~·· mRgoota should be or soch char-
•s ncteras to reapoutlton very wenkcurrcut ctod 

yet be positinliu its l\Ctloo. To insure theN· 
t rctcl iou Qf its arrnotu re e' nftcr thocu rront hn• 
bceu cstnblishcd through theo magnet f nncl 
interrupted by the lovcrsiou of tho seosltlvo 

so de,· ico c, a light rod k is supported in guides 
on tho frame in position to be lifted by no ex
tension k' of tbe ormnlure-lever I and to rniso 
slightly. the nrmnturo t. As n feeble current 
tnny normnlly How through the N!ositl\'c de-

SS vice and the relay-mngnct a, which won lei be 
sufficient t.o hold though uot drnw tho nrmn
turc down, iL is well . to obson·e t his prccnu· 
tion. 

Tho operation or tho rclay-mnguot a nod 
6o tho consequent opcrntlon of the otoc:ti"Omng

not/, ns above described, nre ntili•cd to con
trol t ho opernUon o f tbo propelling-engine 
nod the steering npp:tratus in the following 
mnoucr: On tbo sp1ndlc IJ', wbicb carries tho 

65 escnpemeut-diBk 9", Figs. 4 nnd G, is n cyl
Inder} or insulnting mntcrinl with n conduct.
lng pinto or hentl nt cnch end. F1·om these 

• 

L\<0 It ends, rcspecll vely, con tuct plates or sc;:· 
mentsj' j" extend on d inn1 eLricnllr opposite 
sides or the cylinder. The plntej' is iu elec· 70 
trical cooncctioo with tho fmmo or tho in· 
stroruent through the heAd fro1o which it ex
Leads, while insulted strips or brn~bes J J' 
boAr npoo the free eml or he.~tl of tho cyliu
der And the periphery of the sallie, respec· 75 
ti,·ely. Three terminals are thus provided, 
one nlways In c:on·pection with plate j', the 
other nlwnys io connection with tho phtLo j", 
Rnd the tbh-d nd"Pt.ed to ro.~t oo the strip~/ 
nod j" In 8ucccssion or upon thu lntcrmcd intc So 
iosull\liog-spRcos, nccording to tho position 
in \vbich tbo commutator is brought by tho 
ctock-traiu and the 1\nchor-cscapement 9· 

K' K", Fi1,'8- I, 3, and 10, aro tt~·o relay
mngnets conveniently plAced in the rear of 8!, 
tho propelling. engine. O,oo tcr111innl of n 
battery k" Is con nected to one cod or each oC 
the relay-coils , the opposite tormloRI to We 
brush J', nnd tho oppo•ite ends of tho relay
coils to the brush J and to tho f1'1\nlO of tho 90 
instrument, respectively. As 1\ couse~ueoce 
or this 11rrant.:e1oeo~ either ~be rell\y K or K "· 
will be enorglzed ns tho brush J' boAr.~ upon 
the plate]" or j", respectively, or both relays 
will be inactive while Lho brush J' b011rs upon QS 
an insulnting·spnco between tho pl1\l11~j' nnd 
j''. \Vhilo ouo reln,v, as 1{ ', is onergizcd, its 
nrmnturo closes a circuit through the motor 
F, which is rot.1ted in &direct.lon to threw the. 
rudder to porL. ··On tho other hand, when re- "o 
IRy I{ " is nctlvo onolher circuit th rough the 
moU\r F is closed, which re\·erses its direc-
tion or roUttion and shifts ~ho rudder to sll\r
board. These circuits, however, nre ot tho 
Mme •.imo utilized Cor other purpoo..•, nod cos 
thei r course Is, io pnrt, thr·ouJ!h ctpp:u·Atus 
which I shall d~scribe befo1·e trl\CIIlJ: their 
course. 

The llxt><l red II Cllrries nn ln~ulntlng disk 
or bead T., Fig. 2, to the under sicle of which 1 10 
nre secured six brashes, l, ~. 3, 4, 6, nnrl G, 
F'ig. 3. Tho sleeve b, "hich surrounds tho 
rod and is turned hy tho stccrin;:-motnr F, 
cnrrios n disk L', upon tho urpo1· fa~o of 
which l\rO two concentric circiP.A of ('Omlncl· 11 s 
iog CODt.\Ct-platc~ . . firushc~ I, 2, 3, 1\lltl 4 
bear upoo tho Inn~ •· circle of colllnct.•, whilo 
the brush~s 5 nnd G bear upon the untor cir-
cle or contacts. The outer circle or COII tnets 
comprises two long plat.:s 7 a nelS on OllJWl;lito no 
sides or the disk nnd a scrin.~ or shortc1· 
plates !), 10, II , 1~, 13, ant! 1-1 in the fronr 
n ud renr. Flexible coucluclOI"S /'I" conn.,ct 
tho plates 7 nncl S with the tonninnls or thu 
propelling. motor D, nnd the poles or the 1 •s 
main bnttery 1!: nro connccte•l to tho brushes 
6 nod G, respectively, so thnt white t ho nuldc1· 
is stmigbt or.turucd U!l to a cert.t1i11 nngle to 
either side tho current is coo\'C)'l"l thruugb 
tho brushes 5 nod G and se:;moolll 7 nnd S to 1~0 
tho propollin;:· IUOtor D. Thcstocl"in;:·luotor 
F is also driven uy currcuL UlkCil from t hr. 
main battory F; Ju t.ho rollowiug mnuucr: .~..,,~.,'. , 
conductor 1:; from one polo or the bnt. ~·/."-'' 

~ .... ~.::·' 
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)0!\US to one of th(} COIIlllllll~\tOr·Urushes, nnu 
ft·om the other brush ruus n con<luctor JG to 
one of the contacts of ench relay K' K". 
When one cif these rclnys, asK", is active, it 

5 continues this circuit th t·ough a wit·e 19 
through one foelu -coil or set of coils on tho 
motor F and thence to the brush 1. In a 
similar mnnner when the othot· rcl;\y K' is 
active the circuit is continued from wlro 18 

ro through fL wiro 20, the second or· ro\'et-sing 
set of field-col Is, aud to bt·usb 2. 

Doth b rusltes 1 nnd ~ nt all times when the 
rudder is not t urued more than nbout forty· 
five degrees to one side nre in contact with a 

' 5 long conuucting-pl:\Le 21, and one brush in 
any position of tho nnldet' is ·always in cou
tact wi th said plate, nnu the latter is COil· 
ucctcd by n floxiblecondoctor 22 with the op· 
posite pole of tho main battea·y. Hence the 

,o motor F may nlways be caused to rot.Mo in 
one direction whnte,·er may be the position 
of the ·ntddc•·, and mny be caased to rotate 
In eit.ltcr· direction whenever the· position of 
tho •·udder is less than a 'predetermined ao-

'5 glo, conveniently forty-five degrees froru t he 
ccnte•· position. In order, howevor, to pro· 
Ycnt tho rudd-er from being turned too far In 

·either direction, the isolated plate 23 is used. 
Any movcmont of _the rudder beyo!J<l a pro· 

30 determi ned limit brings this plate undet·ouo 
ot· tbo other of the brushes 1 2 a nd brenks 
the c ircuit o f motor. F, so that the rudder cnn 
be dl'ii'Cn no farther in t.hnt dit-cclion, but-, 
ns will be uutlct'Stoo<l, !.be npparntus is in 

35 conuition to tnr.n the t·nddc'rovcr to tho other 
aide. In. like mann or tbo c ircuit of tho pro
pelling-motor D is controlled tlll·ougb bt·ushes 
5 nnd G and the segm,ents on the on tea· c irclo 
of cont.-\cts of hCJttl L. If tho shortsc~meots 

40 on eit.hcr side of the c ircle arc iusulated, the 
motor D will be stoppeu wltcuoi'CJ' ono of tho 
lu·usltes 5 Ot' G passes ontu 0110 of t hem from 
the lnrgea· segmeu ts 7 S. 

It is important to ndd that on nil coutact.-
45 points where n brenk occu rs provision should 

ho ma.tle to ovct·eomo tho spark i n~ and pt·e
vent tho oscillntion or electrical charges in 
tho c ircuits, ns such srnrks nud oscillations 
may affect the sonsitivo dov ico. It Is this 

so cousiderntion eltiolly wbicb makes it ndvis· 
ablo to use tbe two relays K' K", wh ich other· 
wise mi~h t be dispensed with . They should 
be nlso plnced ns fnr· ns· prnctiMblc fr·om the 
sensitive device in or-der to guard the lnttor 

55 ngninst nny nct.ion of slrong vn.ryi ug currents. 
In atitlitiou to the mcchan ism dcscribcu the 

,·esse! mny carry nny otbet· devices or appn· 
rat us as m igb t. Uc r·oq u ired fonl.ccorn p1ishi n,g 
any srccia] ObjCCt o f IIIOI'C orleSS i Ill rort.:LUCC. 

Go Hy way of illustration a small 1110to•· 11~ is 
shown, Fi~s. 1 nrHl 3, which convcuicuLly 
sct·vcs for n number of pur·poses. '!'his moto•· 
is shown couucctcd in series with tho nrma· 
turo or t.llc stecr·iug· ulOLOl' . F, so that when-

os Ol!cr ci t.hcr one of the ci rcuits of tho latter is 
closed through relays 1\' K" the motot· 1n is 
likewise l'otatcd, Uut iu all t.•ases ir-; the samo 

u i rcction. lt HOtat.ioit is opposc<l by a spri n~ 
m', so thnt in nonnnl operation, owing to the 
fact that the circuits of fnotor l•' nrc closed 70 
but. a short time·, the lever m", wl>i<:h is fas· 
teocd to one of tJ.te \vMels of clockwork M, 
with which the nrmntu t·o of the tuot.or· i• 
geared, will movo but a short distance aUt! 
n pon cessntion of the co n·ettt. retu ru to a stop 7 5 
P; but if the circuits of tho motor F at'<> 
closed nn<l oponetl rapit.lly in succession, wit icb 
opet·nt.ioo lcm·cs the •·uddc•· unaffected, t.heu 
the lever m." is moved to:q.~renterAng-l e, com· 
ingin contact. with a tileta l plnte n, nnd finally, So 
if desired, with a post n' . Upon tho le1·er m'' 
coming in contact with plate ?I tho CUJ'l'Cnt 
of the tnai n batter-y passes either· through onu 
or other or· both of t.ho lights s upported ouf 
standards q q, accot-ding to tho positiou of R5 
brushes 3 nud oJ J'Clntively to the insulating· 
S{\.J{ment 2:.3; but since t.bo head L, carrying
the segments, i~ geared to the rudd~r the po· 
sitioa of tho latter is in ll. geueml way deter· 
mined by ob:;erving tho lights. Uoth of the 90 
lights may be colored, and uy Mashing them 
up wheoe••et· desired the oporntor tnny goido 
nt eight. t.bo vesslll in its course. ·l•'ot· such 
purposes nlso t he .stAudartls ,. r nrc p rovided, 
which should be painted in li \'ely colors, S!l 9' 
as to be ,·isiblo by tiny nt grent distances. 
lly opening nnd closing the cit·cuits or motot• 
Fa grealer number or times, prefernbly de· 
tcrmined beforehand, 1 he l~vcr 1n" is brought 
jn contact wit.I.J pos t. u', thus closiog l hc cir 1oo 
cuit' of t.he mniu battc•·y through a <lC\'iCc (J 

nnd bringing the latter into action at the mo 
mont desired. By similar· coutrivanccs o•· 
such a.s will readily suggest thomsell·es to 
m<.>chau icinns any n u m be•· of d i ffe t·en t dcl'ices to 5 
m11y be operated. 

r-.crora·ing now to F;~;. 0, whid• illustmtes 
dingrammat.ic11ily tho system as practicc<l 
when directing tbc movctucnts of a boat, iu 
this tlguro S designat.cs any sou rce of olec- • to 
tricnl disturbance or oscillations lbc genera· 
tion of wb ich is con t.r-olletlby a sui table switch 
contained in box T. Tho haudloof the switch 
is movnble in one (! irection only nnd stops on 
fout· points t t' u 11 ' , so thnt. :ts the handle • '5 
passes f t·om 'stop t<? stop oseilhuions arc Jli'O· 
u uce<l by tho sourco d uri og n ,·cry short time 
inter1•nl. Thet·c are thus protl ucc<l four <lis· 
t u t·banr.es during oue revolution nu<lt hc ru· 
ceiviug-circuit is ntTcctcd fou r times; but It ••o 
wi II bo understood fr·om the fot·egoi ng descri p· 
tion of the controll ing devices on tho ves.<el 
that tbc l'lttldor \Viii be moved twice, once Lo 
right and once to left.. Now. I pt·efernbly place 
the barldleof tbeswiteh so tliat when it is ar· 1 >s 
r·cstcd on poiu~~ ll'-thnt is, to L1to r ight ot· 
loft. of the opct·ntot·- be is rcmiude<lthnt tho 
\'CSSO) is being uoflcctctl tO t.ltU l'ighL Or left 
from its cou t·sc, by which means tho cont.t·ol 
is faciliLatcd. The uormnl positions of tho • ;e 
handle aro tltet'cfot·o at u tt' wben the rudder 
is notacteilui>On,nutlit rcwainson the points 
u u ' only so long ns necessary. Since, as be· 
foro stated, tbe wo•·king of the aprar·ntus is 
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.-ery sure, Lbe operaiA:Jr i~ en:1bled Lo perform 
1\ny sucb operations t>S proviSion is m1uk for 
without O\'eu seeing ~be ve~sel. 

Tho ml\on~r. of using tho nppnrat.nsand tho 
s operAtion of tile se\'eral instrumentalities 

oomprisiog·the sntne is in detAil M follows: 
Norm11lly 1 be plate L' is turned so thllt bt·ush 
2 rcsto upon the insulatP.d ·segmNH 23 and 
brush G upon one of the lnsul11ted short stg· 

oo Ulents in the reAr of the circle. Undert.hese 
t'ondi tions the rudder will be turned IAl stAr· 
bo:tnl and the circuit of mot.<>r D interrupte<l 
between bru~hes:; Anti 6. · At Lhe Sl'tne Lime 
uolyone of t.bccircuitsoC moiA:Ir F-th!lt.coo-

' j trolled by Nll\y ){ '-is capable of being closed, 
sinco brush 2, which connect• "'it.h the other, 
Is out of contact with the lou~: segment 21. 
Assuminc now tbl\t it is desh·cd IAl start the 
vessel nnd dit·ect it. to" give11 point, the han-

to dlo Tis Lurned.from its noo·mnl po.,it.ion on 
point u' to the point t on tho awlt.eh-bo~. 
' rhls sends out 1\·n olectri011l disturbance, 
-.hlclt, passin;: tbrou::h tho rceoiving-cirenlt 
on tho vessol, alfecr.s the seosit.i ,·c device A ' 

•s nnd st.a:'ts the flow of t'nrrentthrongh t.he lo- · 
c:1l ci reuil., includin:; snid do,·lcc, the relay a, 
nod the b11ttery a'. This, as has boen pre
\'lously explained, turns the cylinder j and 
Clluses the brush J' to p&S.\ Crotn lilsulRtiou 

30 oniAl tho coutactj'. The batf.<ory k" Is thus 
cl~ed thro~gb ro)ay K",'an.l tho latter closes 
r.bnt clrcuiL of the motor F which, stArting 
froru piRfe '22, which is perm11neutly con
nected with one pole of tho malo bl\ttery, is 

3S completed through the brush I, the 6eld of 
motor F, wire 19, the armAture of relay K", 
wire If:, the moiAlr m, the brushes and eom
mut.!ltor of motor F, ancl wiro 16to theoppo
git o termin3J uf the bRttory E. MoiAlr Jo' Is 

40 thus set in operation to sblft tbo rudder to 
· port; but the movement of pll\te L' which 

follows bl'inp t.bo brash 6 back onto segmeut 
8 and closes t!Jo circuit of tho propelling-mo
tor \ob'lcb starts the ves5el. Tho motor F is 

45 permlttecl to run until the rudder has been 
turued sul!lcient.ly to steer the veuel in the 
desired direction, when the handle Tis turned 
to the point u. 'Thl< produces another ar.tion 
o r tho relny a and bruBb J' Is shifted onto 

so io!uiAtion aud both relHys li# 1\Dd JC" Are in· 
active. The rudder remnin~ iu tho positiou 
to «hich it has been shifted by tho moiAlr F . 
If it. be then desi red to shift. It to starboard, 
or In tho opposite direction to thllt in wh ich 

55 It wne lnst. moved, the hnndlo 'r Is ij(mply 
turned topoi nt. l' nndallo,.ed to remain there 
until the motor 1-', which ' i~ now operated 
by rele.y 1{', the circuit of which is closed 
bT strip J ' comiog into contact with pla te 

6o l , has done ite work. The movement of 
llaodlo T to tl)e .oe.~t. point throlfs out boLb 
relays K' and K'', and tbo uext movement 
cansc3 n shifling o( the rudder to pot·t,· a.od 
80 on. Suppose, bowevor, th&t After the rud -

6s dor hns been ~et at any angle to ite middle 
potltlon it be de,ircd to llhift it still farther 
In the un•e directioa. In ouch c10ao the han-

36 Nikola Teste. 

die is moved quickly over two points, so tl.tat 
t he circuit which would mo,·e tho r·mldcr iu 
the- opp015ite direction is closed lor too short n 70 
time inten·al to produce an ap'!>reciallle of· 
feet nod is 111lowed to tesf on the t hird point 
unt.il the ruclder is shifted to tho desired po· 
sition, when tho handlo is mo\'&oi to t.ho next 
point, which ngnin tbro'~<'SOM both r~layslC' 75 
and· K". H T; ill be understood thAt. if the 
handlo bo held for a sufficiently lcug timo 
upon either point. torr the motor }o' will sim
ply turn tho plllle L ' in one direction or tbe 
other unm the circuits of motors D and Fare &• 
broken. It ia furthermore e.vident. thAt ooe 
relny K' or K" witt lll,.·a,·s bn OliArAth·u to 
otart tho moto•· ~·. 

As pr€1\'iouely explaiccd, the long~st period 
or op~rl\t.ion or which tho tnoiAlr F i~ cnpable ss 
under or.dinary conditions of uso tloes not 
~rmit tho motor tn to sbilt tho a rm m' loto 
cnnt;o.ot \<ith the platen; but It tho handle 
T be torn~ with "certain rapidity" aerie~ 
of Cllfl'flnt Impulses will bo directed through 90 
motor •••; but as thCl'<l tend to rot&~e the 
motor FIn oppOI!ite directions' they do not 
s3nsibly allett. the 11\tter, but nc~ to rotate 
tbe motor m against the force or the coiled 
spring. 95 

The ln\'entioo which I bn,·e described will 
pro1'e useful lo many wa~s. Vcssc1G ot· \'e· 
hicles of any suitable kind may be used, as 
life, despatch, or pilot boats or the like, or fN· 
<'llrryin:; letters, 1\<'ICkages, pro,·iolocs, in- roo 
strumeuta, objects, or ruRtcrinl~ of any do· 
scription, for estAblishing comonunlc:•tion 
with inaccessible regions ;md exploring tho 
eonditionsox~tlog in LhesAD>e, tor ldllingor 
capturing whRles or other animals of tho SC3, 1o; 
11od for nosuyother scieotitic,eogl•eering,or 
coml!lercltll purposes; but the J(rtaten ,·aloe 
o f my hl\·entioo will result from Ita olfect 
upon ,.,arf~~ore 1\od annaments, tor by reason 
of ite certllin and uolimitod destructiveness rro 
it will tond to bring about and mnintain per· 
m~tnont pe11ce among nations. 

l!avlog uow described my Invention; what 
I claim ls-

1. The tmpro,·ement in tho ort of oont rol· '' s 
lin:f r.he movamenta and oporatlun of a vessel 
or nhlcle hereto described, which consists in 
producing wnve~ or disturbances whicl.t 1\TO 
conveyed to tbe vessel by the unturnl roedi,., 
nctuatlug thereby snit.ablo app~ratus on tbo 
vessel 1\nd ~ITecting tbe eontrol or the pro· 
pelling-engino, Lhe steering and other rnech · 
aulsln by tho opernt.ion ot tbe said apparntus, 
ns set forth. 

2. Tho iroproveroont in tbc nrt o£ control· us 
lin& the movcmeots :u)d operation of n VII3Sol 
or vehicle, herein described, wbicb consists 
in est..blishinz" rOI!ion of wave., or disturb
ance.,, and 1\Ct.nating by their lnoluonco e"· 
e rted at a dlatAoce the do,·iceson sucb vessel 130 

or vehicle, lfbicb eontrol tho propolllng, steer-
ing and other mechAnism thoroon, M seHortb 

3. The lmprovomc!lt io the art of conh~~:
lic~ ~~o rno,·c~eL~ :rmd "!>'l?.:ltion of n v::;:el 
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or vehicle, herein tl~-~criuetl, wbio·h cun•ist~ 
in cst~tb1ishing :\ •·cgion oflelcctricnl wa\'Nl or 
disturh:tnc<'~, nncl nctu:l.t.ing l.>y their innu
ence, exet·tcd nt :~ di~tnnce, tho·deviccs on 

S Rnid ,·csscl or \'chicle, which control the pro
pelling, ste('rir~ 1\ntl other me('hauism there· 
on, M spt forth. 

4. The impro,·cmcnt in th~ ~~rt of control
liu:; the 11\0I·crur.nts 'nntl operation or a \'CS~el 

ro or· \'chicle, her·cin described, which consi~ts 
in pro1·itlin:: on th(• •:essel n cir·cuit control· 
ling the pr·opclliug, slt-el'ing anti other mech-
1\nism, tldjustill~ or· r!'ndering snch circuit 
sensit-h·o to w:11·cs or· di•turlmnces or n dP.fi· 

rs nite chnractcr, cstaulishiug a re~ion of such 
WRI'es or <listurbnnce~. Rod reuder·in,:: byl.heil· 
menus tho controlling-circuit actil'e or inr.c-
1 i 1·e, 11s set forth. 
. 5: The· coml.rinnticm ltttb 11 sour<·c of clec-

'o tric;tl wn ves or dist.u rhances of A 1noviug ,·e~
sel· or Hh icle,n nd mechnn ism thereon Cot· pr·o
peHin~, steering or opcrntiu:; tho same, aud n 
con tr·ollin~ npp:u·ntus ntl:lpte<l to be nctu:c.te<l 
by tho inHucnce of the said "':\\'es·or dis-

•s turbanc-es nt n distJwC'c from t ~c sonrcc-, ns 
set forth. 

G. The combination with n sou reo of clcc
tr·ical 1rnves or· disturu:\1\C~S Of 1\ moving \'CS• 
sel or I'OUicle,mechanism for propcllin;;,steer-

JO ingot t:pe•·ntiug tl 1e same, a circuit nnd·rneans 
therein for conu-ollin:; saicl tnechnu isrn, nnd 
means for rendering !):tid circuit actin~orin 
:tCtl\'C through t.hc intlneuccof t.llesaicl w:\\Cs 
o•· distu rbnnccs oxc•·t.ed nt ad istnnce from the 

IS Svurt·e, :IS SCI r~rth. 
7. The combin:ition with 11 source of elec

trical w11ns or disturbRnccs aud menns for 
stnrti n~ and stopping the same, or a vessel or 
nhiclc, propelling and steer·iog 1acchanism 

40 ca.-ried tl!crC'by, n circuit conuditiog or· con
nP.cted witb menus for controlling the operA· 
tion of snid mechanism nnd adju8tcd or ron· 
llered sensitive to the \~aves or di~turbances· 
of tbe source, a.~ set forth. 

45 8. The combination with a sou reo or elcc-
~tical waves or distu rbances, nnd roel\ns for 
starting .and stoppin;t the operation of the 
snme, or a l'cssel. or \'ebicle, propelling nnd 
~t.oering mechnnism cArried thereby, local cir-

so cuits coo trolling Mid mechanisms, a circuit 
sensitive to the IVI\I'cS or disturbAnces of tbe 
source And me11os t herein adApted to control 
the said local cirluits, Mnoll for the purpose 
set fortl i. 

~- The scusith·c device herein tlescril.rell ss 
•;omprisin~ in construction n recc-ptnclC con-
In i u in:; a ""' l.crinl such n.• par·ticlcs or o~idiz.ctl 
mctnl form in~ n pnrt or the circuit., Rod mean~ 
for trmriu;: the same end for· end when tbe . 
rllaterial hns IJcen rendercol nl't ive hy the pM· 6o 
sa;:e throu~:h it of nn ele<'tr-i<" •.lischarge, 1LS 
set fo 1-th. 

10. T he sensitive tlcvicc hcr·cin ilescri~d. 
'compr-isin,:: in eomiJiuntion 11 re~~ptncle con· 
tni u i u;: n mnrcriAI such n~ pl\l't ic le' of oxid i7.ed 6 s 
•uctnl.forming n pnrt of ao ele<:ll'ic circuit, 
nn electromnt:net in ~nid c i1·cnit, nnd de,·ices . 
coutrolled thcr·eby for turn in:; the recentacle 
end for end when snid mA gnet is energized, 
AS set. fori h. 70 

II. The sonsitirc tlc,•ice herein o.lcscribed, 
compri~ing in combination a rcccptiiCltl cou-
tni oi ng n m11te•·ial such ns p11 rticles of oxidized 
metnl forrniu~ fJI\rL of nn clectl'ic circuit, a 
motor· for· r·otl\lin>: tho t·eccpr.ncle,ao electro- 75 
magnet. in circuit wiLh the mnteria), ant! an 
escapement controllcu by sRid magnet aod 
adapted to perm.it :\half-revolution of. the-re · 
CC(H:\Cie when the !<'\id 11111-goet is energized, 
ns set fo1th . 8o 

1~. The combination wit-h n movable bo<ly 
or ,·ehiclc, of n propel l iu~·moror, a steering
motor 1\0d eiectricn) COillMtS cnrried uy a 
JOO\'ing portion nf tho steering moebe.&liSLtt, 
and :ulnpted io certain positions of the llllter Ss 
to interrupt tho cio·cuit o( the propelling-mo. 
tor, a local ·e:~•·cuit nnd mc.aus coooectod 
therewith for controlling the steering-motor, 
a nll •~ eil en it co~ trolii ng the ivcal cl reo it nod 
weans for re-ndering said controlling-circuit 90 
sensitive to t.he influence of electric waves or 
disturbnnccs exerted at a •Jistnoce from the!r 
source, at set forth. 

13. The combination IVith tbe stecring-mo· 
tor, n local circuit fo r. direct-in:( current 9S 
tl!r·ough thn samo in opposite directions, a 
controllin;;-circui t rendered sensitive to tbe 
infl uence of electric wa 1·es or disturbAnces ex
crt~d Ill a d istnoce·from their source, a motor 
in circuit with the steering-oootor but ndapt· toe 
ed to run nlways in th9 ~arne dire~tioo, Rod 
11 locnl cir·cuit o r c-Ircuits controlled by said 
motor, ns set forth. 

l'HKOLA TESLA. 
Witncssos: 

RAPHAEL N ETTER, 
G EO ROE SCHERF'!'. 
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.FLUID Pli.OPUI.SION. 
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Appllo&I10D Ale4 October 21 , 1909. Sert&l No. 523,832. 

To allwMm i.t may concern: 1n the direction of movement.. These effects, ~5 
Be it known tht.t I , NtKOLA TESLA, a citi· in themsch·es, are of daily observation, but 

zen of the United States, residing at New I believe that I am the 61·st to apply them in 
York. 1n the county and State of New York, n practical and economical manner for im· 

~ ha,·e invented certain new nnd useful lm· purling l'nergy to or deri,·ing it from a fluid. 
pro,·ements in Fluid Propulsion, of which The subject of this applieation is an in· so 
the follo"'ing is a full, clear, and exact .de- vent ion pertaining to the art of imparting 
scription. energy to fluids, and I shall now proceed to 

In the practical application of mechanical describe its nature and the principles of con· .' · 
10 power based on the use of a fluid &S the ve· struction of the apparntus which I have de· 

hicle of energy, it has been demonstrated vised for carrying 1t out by reference to the 86 
that., in order to attain the highest economy, accompanying drawings which illustrate an 
the changes in velocity a.nd direction of operative and efficient embodiment of the 
mo•·ement of the fluid should be as gradual same. 

I~ as possible. In the present forms of such Figure 1 is a partial end view, and Fig. 
apparatus more or less $Udden changes, 2 is a ,·ertical crosS section of a pump or 70 
shocks and vibrations are unavoid~ble. Be· compressor ~onstructed and adapted to be 
sides, tbe employment of the usual de.vices operated in accordance with my invention. 
for imparting energy to a fluid, as pistons, In these drawings the device illustra.ted 

20 paddles, vanes and blades, necessarily in· contains a runne'r composed of a plurality 
troduces numerous defects and limitations of flat rigid disks 1 of 3 suitable diameter, 7~ 
and adds to tht complication, cost of pro- keyed to a shaft 2, and held in position by a 
duction and rnainrcnance of tbe machine. thr•aded nul 3, a sbodlder 4 and \<ashel':l 5, 

The object of my . pre~nt invention is to of I he re'Juisite thickness. Each disk has a. 
2b overcome the.~e deficiencies in ·apparatus de- number of centrnl openings G, the solid por· 

sib"'Ied for the propulsion of fluids and to lions bet ween which form spokes 7, prefer· so 
effect thereby the transmission and trans· ably curved, as shown, for the purpose of 
fvrmation of mechanical energy through the reducing the loss of energy due to the impact 
agency of flu1ds in a rnore perfect manner, of the flu id. The runner is mounted m a 

so and by rpuns siDJpler and more ecotwmical two part volute casing 8, having stuffing 
than thOse heretofore employed. I accom- boxes 9, and inlets· 10 leading to its centra1 8~ 
plisb this by causing tbe propelled Ouid to portion. In addition a gradually widening 
ntove in natural paths or stream lines of and rounding outlet 11 is provided, formed 
least resistance, free from constraint and di~· "·ith a Oange for connechnn to a pipe as 

Sb turbanee such as occasioned by vanes ur \Jsunl. The casing 8 rests upon a base 12, 
kindred devices, and to chauge its veloci ty ~hvwn <only in part, and supporting the be~r· 90 
and direction of mo~emeot by imperceptible ings for the shaft 2, which/ being of or\linary 
degrees, thus avoiding the losses due to &'Ud· construction, are omitted rom the drawings. 
den variations while the fluid is receiving An undCI'standing of the principle. em· 

40 energy. bodied in this device will be ~nined from 
It IS well k:nown th&~ a fluid possesses, tht> followin~ description <1f liS lrt·JJr of 116 

among others, two st.lient properties: ad· OJA!r~tion. 1 ower being applied to the 
hesiunand viscosity. Owing to these a bodv shaft nnJ the runner set in rotation in the 
propelled through SUCb a medium eDCOUD· din<CtiVU (Jf the solid arrow tbe fluid by 

H tel'S a peculiar impcdinnent lmo'IVtl as "lat· reo son of. its properties of adherence. and 
Hal" or "skin resistance :: which is two- viscusity, upon. entering through the inlets 100 
(oiJ; one arising from the shock of the fluid 10 1><td coming in contact with ~be d isk" 1 
nga in$1 tl•e o.spcrities of the solid substance, is t.kcn hold of by the same and $Ubjo >ted 
the other from internal forces opposing to two forces, one acting tangentially m the 

60 molecular separation. As an inevitable eon· dirl'<'t i!Jn of rotation. and the other radinlly 
sequence, a. cerrain amount of the fluid is i Ollt.,.ard. The combined effect of th~ tnn- 10~ 
dragged · along by the moving body. (,n. i ,l!t':ttial nnd "•ntrifugal fon:.-es is to propel 
versely, .if the body be pl.&ced in a fluid in l the fluid with continuously increasing ve
motion, for tho same reasons, it ia impelled ; lociiy. in a spiral path until it '"aches the 
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outlet 11 from which it, is eject~·l. · This bg, preferably, mounted on th ~•me •hnft .. 
spiral movement, free and undisturbed nnd It should be addcd .thnt the s;ome c.nd may 
esscntiully dependent on the {'roperties of be attained with . oitc sine;le runner by suit
the fluid, permitting it to adJust itself to able deflection of the fhud through t1ltnti,·e 

5 natural paths or stream lines and to. change or stntionary passages. 70 
its vel<>eity nni dirl'<'tion by :nse··~ihle de· The principle.• underlyin!( the inven•.ion 
l{recs, i•· churnctcristic of this meLhod of nre cnpnlJle of embodiment also in that 
propulsion and advantageous in its al?plica· field of muchanical engineet·icg which is 
t ion. While traversing the chamber onclos- concerned in the use of du hls as rno~ive 

10 i'ng the J'llnll•· •·, the pa rtides of th~ {luld ngents, for while in some respects the ac- 75 
muy o:ompletc nne or more tnl'lls, or hut n tinns in tlte latter cas.· !lre di r.e.:tlv upoositc 
P"rt of one turn. In uny giren cn£o their to Lhosc met with it· the propulsion of t1.uids, 

· path can be clo~elv calculai~d •nd :rmphi. the fundnn~ntal Jn'v" applicable in the t,.o 
cally represented, 'but fairly nccurnt~ · ~ti- cases oro the same. I n other WO!'u~. tho 

15. l'(lnte of turns can be obtninecl ~imply by de- operut.ion above described is rcvei'Sible', ·fur S'l 
termining t.he number of re,•olut10ns rc· if \Vater 01: atr undo;· pressure be admitted 
quired to renew the fl•:itl passing thron~rh to Lhe opening .11 Lhe r unner is sn~ iu l'<l14l
thc ch•mber and mnltiplyin~ it hy the ruti11 tion in the di~ection of the dotloo Rt'rOI? by 
between the mean speed of tile fluid and rE'11son of the peculiar properti~.< of the fluid 

211 that of Lhe disks. I have found thnt the 'vhich trnveling in a spirnl paLh and with 8F 
quantity of tluid propelled in this mnnner ~onti nuously diminishing ,·elocity, rettche:; 
is, other conditions being equal, npproxi- the orifice!: 6 and 10 t.lirough which it b 
mately proportionate((> the active surfnce of discharged. • 
the runner and to its effective speed. For When ap~aratus of the general character 

2& this reason, the performance of such rna· nb!ll'e described is · employed for the trnns- 00 
chine~ nU(:mCnts at on exreedingJv high rate mission Of power, however, certain depnr· 
with the tncrease of their size ntid ~peed of Lures from structurnl simibrity between 
revolution. transmitter and 'receh·er mnv be n~essary 

The dimensions of Lhe device a• ~ ~:hole, for securing the best result. ·I h"vo, there-
tO •nd t.he spacing of the disks in anv given fore, included Lhat part of my invent.ion i6 

machine will oo determined b:v the condi- which is directly applicable to the use of 
tion.s and requirements of special coses. It. fluids as moti~e agents in a separate appli
mny he stn!Aiil thnt the intervening distance .cation filed January 17, 1911, Serial No. 
should be Lhe greater, the larger the di•m- 603,049. It may be here pointed out, how-

~ eter of the dislis, the longer Uie spiral path ever, as is evident from the above consid- 100 
of tho fluid and the greater its viscosity. In erations, that when transmitting power from 
_general, Lhe spacing should be such that the one shaft to another by oroch machines, any 
entire m&Ss of the t1uid, before leaving Lh• desired ratio between Lhe speeds of roU..
runn~r, is accelerated to a nearly uniform t.ion may be obtained by proper selection of 

tO velocity not much below Lhat of Lhe jieriph- the diameters of Lhe disks, or by suitably 10• 
ery of the disks under normal working con- staging the transmitter, the receiver , or botli. 
ditiol\8 and almost equal to it when the out- But it may be stated that in one respect, 
let is clooed and tbe pllrt.icles move in ron- at least, the two machines areessentiallydif-. 
centric circle.•. It may also be pointed out ferent. In Lhe pump, the radial or static 

t$ that such a pump can be made without open- pressure, due to centrifugal f orce, is added 110 
ings and spokes in the runner, as by using to the tangential or dynamic, thus increas-
one or more 110lid disks, each ill ita own cas- ing the ettective heud and assisting in Lhe ex-
ing, in· which form the machine will be ptilsion of ·the ftuid. In the motor, on the 
eminently adapted for sew~, dredging and contrary, tho first named pressure, beinJ! 

110 t.he like, when tho water J.S charged with opposed to that of supply, reduces the ef. 11~ 
foreign ,bodies and spokes or vanes espe- fective bead and veloe1ty of radial ftow to
cially objectionable. · ward the center. Again, in the pro~ed 

Another ~pplication of this principle machine a grest torque is alwllys desU'&b!e1 which I have discovered to be not onl_y this . calling for an increased number or 
6t feasible, but t.borouf!hly rracticable and clli- disks and struLiler distance of separation, 120 

cient, is Lhe utilization of machines such ns while in tJ1e propelling m11chine, for n\Ul'ler
above described for Lhe compression or rare- ous economic reasons, tbe rotary effort 
faction of air, or gnscs in general. J.n such should be Lhe smallest and Lhe speed the 
cases it will be found that most of the gen- greatest practicable. Many o!Mr consi!i-

GO ~al. considerations !>btaining in tho case of erations, which will natu~lly suggest them- 12~ 
liqUids, properly mterpreted, hold true. selvesb may affect the design ana-cotistruc
When, irresp~tive of Lho character of Ute . . tion, ut the preceding is thought to co'n
duid_, considerable ~ressures are desired, tain i.ll necessary infor'!II&tiOD ID this re· 
stagmg or compoundmg may be resorted to ga.rd. 

'115 in tho usual way tho individuali'UIIDern bo- Jt will be uude1'8t.ooji that the principle. 130 
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nf <.,nstruetion llnd o~ratio.n_ .. bove sc~ forth1 
arc capable of embod1m'ent lD ma,chmes ot 
tho most widely different forms, a.nd adapt· 
ed for the /realest variety of purposes. lb 

6 the above, have sought to describe ilnd ex
plain only the general and typical applicn
tious of the principle which I beiievc I am 
the first to realize and tu1·n to useful ac· 
connt. 

10 I do not claim in this application the 
method herein described of 1mpnrting en· 
crgy to a fluid, hnving made that discovery 
1 he subject of a copending application Serial 
No. 735,914. 

! .; What I claim is: 
1. A m hine for pro~llin~ or imparting 

energy to fluids comprising m combination 
. II plurality of spaced disks rotntnbly mounted 
and hnving flanc surfaces, an inclosing ca.s-

10 inf:. ports o inlet at the centro! port1on of 
~:ud casing and through which the fluid is 
11dnpted to be introduced to the axial por
tions of the disks, and ports of outlet at the 
peripheral portion of the casing through 

25 which' the fluid, when the machine is driven 
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by power, is adopted to be expelled, as sot 
forth. 

2. A machine for propellin~ or imJ.>arting 
energy to fluids, comprising m combination 
a volute casing provided with ports of in- 30 
let and outlet nt its central and peripheral 
port.ions, respectively, and & runner mounted 
wit.hin the cnsing and composed of spaced 
disks .with pla.ne surfaces having openings 
adjacent to the axis of rotation. ., ., . 

3. A rotary pump, comprising in combi
nation a plurality of spaced disks with 
plnue surfaces mounted on a .rotctable shaf~ 
nnd provided with opening; adjacent there-
to, a volute casing inclosi:~· the said disks, 4.0 
means for ndmittmg a fl · into t.ha.t por· 
tion of the casing which contains the shaft 
and an outlet extending tangentially from 
the peri ph era) poi·t.ion of said cnsin!!'· 

In testimony wbereof I affix my s1gnaturc ~;; 
in the presence of ;.wo subscribinll' witncssa 
· NIKOLA fESLA. 

W i.tnesses : 
M. I,A wsoN DnR. 
DRUI:Y w. Coon.u. 

Coptu ol thb po.tent r!$7 te obWDe-4 tor ATo ceuts er.ch. by add-rts.'-i~~ tho u Ccm~t~crler e:: l':..te-ate.. 
Wuhlng'ton,. D. C." 
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UNITED ·STATES PATENT OFFICE: 
-----· .. 

NIXOLA TESLA. OF N:CW,TOJI.K, N. T : 

't11]!.lllNE. 

1,061,200. speellealloaofL<ttenPattaL Patented Dll\y6, 1!H3.~ . ~ 

Orirtaal applleatloa 11<4 Oetob<r 21, 1909, Serial Ro. 623,U2. Dl•14td ad tills appllu\loa lltd laau ryl 
17, 1911. Serial Ro. $03,0&9, 

Tv all tolwm it ma.v concern: 
Be it known thnt I, NtKOLA 'l'ESr •. •, n citi· 

zen of the United Stntes, residin~ nt New 
York, in the county and StAte of New York, 

6 huve in1·cnted certnin new and useful lm· 
provements in Rotary Engines and Tur· 
bincs, of 1vhich tlM! following is n full, c'~nr, 
and exact description. . 

I n the prnctical application of meehani· 
10 cal power. based on the use of fluid ~s the 

vehirle of energy, it has been demonstr~ted 
that, in order to attain the bighl'St economy, 

,the ~hangcs in the ,·elocity and <lirection 
of movement of the fluid should be as 

16 ,.dual as possible. In the forms of appa· 
rntus heretofore <le••ised or proposed, more 

, or less sudden chan,ges. shocks and vibra· 
tiona are unn1·oidnblc. Resides, the employ· 
mont o'f'the usunl de,.ices for impnrtin,g to, 

20 or dcri1·ing energy from· a fluid, ~uch ns pis· 
tons, puddles, \'ones nnd blades, ncccssnrily 
introduces numerous defe<:ts nnd limitations 
·and ndds to the complication, cost of · pro· 
'duction and mnintenance of the machines. ; 

25• The object of my invention is to o•·er· 
come these deficiencies. nnd to effe<:t the 
f1'11nsmission and transformntion of .me· 
chanica! • energy throu,!!h , the agency of 
flo ids in a more perfect · mmner. AJld by 

30 means simpler and more eeonomi~al than 
. those heretofore employed. .. I accomplish 
this by cnusin,g the propelling flnid to move 
in natural paths or strenm lines of least 
resist nnce, free from constraint nnd disturb· 

ss once such ns occnsioned by vnnes or kindred 
d~vices, nnd to clion,ge its velocity nnd di
rection of mo1·ement by imperceptible de· 
grees, thus n voiding the losses due to sud· 
<len vnriations while the fluid is imparting 

10 energy. 
· I t ls well knmrn that n fluid ~csses, 
'nmnn~: others, hvo salient properties, ·ad· 
hesion nnd vi,~itv. Owing to these 11 
'solid body Jn-opelled through such a medium 

45 encounters n peculiar impediment kno'l'fll as 
"Intern)" or '' skin ff'Sistan~," ttbich is two· 
fnld, nne arising from the shock of the 
fluid a~:ainst the asper ities of the solid sub
shncc, the other from internal forces op· 

so posinl( moleculnr ,;eparatinn. As an inevi
tnble conMquMcc n et>rtnin amount of Ill~ 
fluid 'i~ drn,g,~;ed along hy the moving body. 
C<>nvcrs<!ly, rf tho bo<ly be placed in a limo 
in rnotion, f or ·tho hme -reasons, .it l1 im· 

pellcd in the direction of 'moYement. These' 55 
effects, in themsell'eS, arc of daily observn· 
lion, but I belie1·e that I nm the first to ap~ 
ply them in 11 prncticul and economical mnn· 
ncr in the . propulsion of fluids or in their, 
use ns motive agents. eo 

I n nn application filed by · me· October! 
21st, 1909, Serio! Number 623,832 of which' 
this ease ill a di1·ision, I have illustrnl.e(j the 
principles underlying my discovery u em-' 
bodiHI in apparatus desiJl:lled for the pro-Jes 
pulsion of flnrds. The some pr inciplc1. ho1v-

1 e\·tr, are capab!e of embodiment nlso in 
that field of me<-hnnie:>l en,l!ineel'in.~t 1rhich 
is conccrnHI in rhe usc of fluids as motive: 
agents, for while in certain respects the 70• 
operations in the latter case nre directly 
opposite to those met with in the propul· 
sion of fluids, and the means employed 
rnay differ in some fentnres, the fu ndnmen.'. 
tal lows applicoble ' in the two cases are the ·76 
same. In other words, the operation ia re· 
,.,rsible, for if water or air under pre3Sure' 
be admitted to the o~ning coristitut.in~t tho 
outlet of a pump or blower as descr ibed, the , 
runner is set in rotation bv reason of the 80 
pceuliur properties of the -fluid which, in, 
its mo1·ement through the devi~. imp-rt' . 
its cnnsa thereto. . • 
. The present application, whieh is a di
vision of thut referred to, is specia'ly in.'a& 
tended to describe and claim my discovery: 
above set forth, so fnr as it bears on the u~ 
of fluids ns motive agents, as distinguished 
from the Applications of the snme to the . 
propulsion or compression of fluids. oo 

Tn the drn\\'in~, therefore, I hnve illus· 
ll'otcd only the form of apparntus des''f'1cd 
for the thermo-dynamic con,·crsion o en· 
eri!J', a field in which the npplications nf 
thn principle have · the · grentest . prActical e~ 
value. 
. Figure 1 is ft ·partial end view; nnd ·l')g: 
2 n l'e:-tie-1 cross-section of a rotary engine 
or turbine. COflslructed and adnpfed to be 
operated in accordance with the principles"too 
of my in,·ention. · .. -· -
• The apparatus comprises a nmner coM:: 
posed of a plurality of flat ri,l!id dWcs 13. 
of suitnble diometer , keyed to a shaft 1G.', 
an<l held in liosition thereon by n threade(l 105 
nut 11,, 1\ shoulder 12, and intermediate• 
wnshers 17. The disks hnve openin~es 14 
atljueent to the shnft nnd spokes 15, ~J!ich' 
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may be substantially st-raigh't. For the sake 
of el~rness, but a few disks, wit.h compara
tively wide intervening spares, are illus
trated. 

The runner is mounted in a casing com-
6 prising two end castings 19, which contain 

the beilrings for the shaft I C., indicated but 
not shown in detail; stuffing boxes 21 aud 
outiPts ~0. 'l'hP ~nd co~tings arc united by 

10 a rrntral riroe: 22, which is bored out to a 
circle of a sligntly larj!er dinn1eter !~au t!.nt 
of the disks, and has flangetl extens10ns 23, 
and inlets 24, into which finished ports cr 
nozzles 25 ore inserted. Circular grooves 2t\ 
and labyrinth pacl<ing 27 arc provided o:-11 16 the side.s of thr runner. ~upply pipes ~~. 
with vah·es 29, arc connected to tl1e flonge:l 
extcn8ions of the central ring, one oi the 
,-oh·es being normally closed. 

20 Fot a more ready and complete under, 
standing of ~he principle of operation it i~ 
of advantage to cons>der first. the nctit>n3 
that take place when the device is used !or 
the propulsion of fluids for which purpose 

25 let it be assumed that power is applied to 
the shaft and the runner set in rotation snv 
in a clockwise direction. Neglecting, for th-e 
moment, those fe3tures of constr uction thnt 
make for or against the efficiency of the de-

so vice as" pump, as distinguished from a mo
tor, a flUJd, bv reason of its properties of 
adherence anil viscosity, upon entering 
through the inlets 20, and commg in contact 
\vith the disks 13, is taken hold of by the 

56 latter and subjected to two forCI'.s, one act
ing tangentially in the direction of rotation, 
and tl)e other radially outward. The com
bined effect of these tangential and centrifu
gal forces· is to propel the fluid with con-

oW tinuously increasing velocity in a spiral path 
until it reaches a suitable ~eripheral outlet 
from which it is ejected. 'J his spiral move-. 
mont, free and und;sturbed and essentially 
dependent on the properties of the fluid, per-

4~ milling it· to adjust >!self "to n"-tural paths 
or stream lines and to change its velocity anq 
direction by insensible degrees, is a charac
teristic and essential feature of this principle 
of operation . 

.;o While traversing the chamber inclosing 
the runner, the p~rticles of the fluid may 
complete one or more turns, or but a part 
of one turn , the path followed being capnble 
of close calculat10n and gra{'hic representn-

~6 lion, but fairly nccurute ('-Stlmates of turns 
<.:>n be obtuined simply by determining the 
number of reVolutions l"e<Juired to renew the 
fluid passin~ through the chamber nnd mul
tiplying it l>y the ratio between the mean 

eo speed of the fluid a·nd that of the disks. I 
have found that the quantity of fluid pro
pelled in this manner, >s, other conditions be
Ing equal, approximately proportionat-e tO 
the nctivc surface of the runner and to its 

J6 effective speed. For thi• reason, the per-

formance of such machines augments at nn 
exceedingly high rate with the increase of 
their size and speed of rc,·olution. 
· The dimensions o·f the. drvice as n whole, 
and the spacing of the disks in any given 70 
machine will be determined by the conditions 
and requirements of special !'ases. It may 
be stated that the intervening dist11nce ~honld 
should be the greater, the larger the diameter 
of the disks, the longer the spiral path of 75 
the fluid and the greater its viscos1ty. In 
general, the spAcing should be s~;~h that the
entire mass of the ftuid, before leaving the 
runner, is accelerated to a- nearly· unitorm 
velocity, not much below that of the periph- so 
cry of the disks under normal working con
ditions and almost equal to it '<hen the out-
let is c\osed nnd the particles move in eon
centric circles. 

Considering now the converse of the above 86 
described operation and assuming that fluid 
under pressu rc be :>11owcd to pass throu:;h. 
the valve at the side of the sohd arrow, t.ne 
runner will be set in rotation in a clockwise 
directiou, the fluid traveling in a spiral path 9r 
and with continuously dimmishing velocity 
until it reaches the orjfices 14 and 20, through 
which it is discharg~-d. If the runner be al
lowed to tum freely, in nearly frictionless 
bcnrings, its rim will attain n speed closely <16 
approximating the maximum of that of the 
adJacent fluid and the spiral path of the 
particles will be comparallyely long, consist
mg of many almost circular turns. If load 
is put on and the runner slowed down, the · l OG 
motion of the fluid is retarded, the turns aro 
reduced, and the path is shortened. 

Owing to a numbc1· of causes affecting the 
performance, it is difficult to frame n precise 
rule which would be generall_y applicable, to;; 
but it may be stated that w1thiu certain 
limits, and other conditions being the s:>.me, . 
the torque is directly proportionate to the 
square of the velocity of the fluid rdatively 
to t-he runner and to the effective area of the no 
disks and, inversely 1 to the distance separat-
ing them. The macnine will, generally, per
form its maximum work when the efiediN 
speed of the runner is one-half of that of the 
fluid; but to ntlain the highest economy, tho lit
relative speed or slip, for any given perform
ance, should be as small as posSible.· This 
condition may be to any desired degree ap
proximated by· increasing the active arM of 
nnd reducinl? t-he space between the disks. !110 

When apparatus of the kind described is 
e~ployed for U1e trnnr.mi~sion o_f power cer-
tnm departures from Slmllllrlty between 
transmitter and receiver are necessary for 
securing the best results. It is evident tlu1.t, us 
when transmitting power from one shaft to 
another by such machines, any desired ratio 
between the speedS of rotation may be ob
tained by a proper selection of th~ diame-
ters of the.dtsks. or by suitably Ataging the lSO 

• 
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transmitter, the receiver or both. But it 
may be pointed out that in one respect, at 
Jenst, the two machines are essentially dif
ferent. In the pump, the rndinl or stAtic 

6 pressure, due to centrifugal force, is added 
to the tangential or· dynamic, thus increas
ing the efl'ecti'!e head and assisting in the 
expulsion of the fluid. In the motor, on the 
contrary, the first named pressure, being op-

10 posed to that of supply, reduces the effective 
head and the veloc1ty of radial fiow townrd 
the center. Again, in the propelled machine 
a great torque is always desirable, this call
ing for an increased number 'of di~ks and 

15 smaller distance of separation. while in the 
propelling machine, for numerous economic 
reasons, tlie rotary efl'ortshould be the small
est and the speed the greatest prncticnble. 
Many oiher considerations, which will nat-

20 m·a!Jy !'uggest themselves, mny nffect the de
sign and construction, but the preceding is 
thouttht to contain all necessftry informa.
tion tn this regard. 

In order lo bring out n distinctive feature, 
%$ assume; in the first place, thftt the moti.-e 

medium is admitted to t.he disk chamber 
through a port, that is a channel which it 
traverses w1th nearly uniform velocity. In 
t his coso, the machine will operate as a 

so rotnrv engine, the fiuid continuously ex
pandlng on its tortuous path to the central 
outlet. The expansion takes' plnce chiefly 
along the spiral path\ for the spl't'nd in
''"nm is opposed by tne oentrifupl force 

n due to the velocity of whirl and by the great 
resistance to radtal exhaust. It IS to be ob
served that the resistance to the 'passage of 
the fluid between the plate'! is, npproxi
matelv, proportionate to the ~~quare of the 

tO relative speed, which is maximum in the 
direction toward the center and equal to 
tho full tangential '·elocity of the flnid. 
The path of least resistance, necessarily 
token in obedience to ·a universal law of 

t6 motion is, virtually, also that o! lenst t'eln
tive v:elocity. Next, assume that· the fluicl 
is ac!mltted to the disk ch:1mber not throogh 
11 port; but a di.-erging nozzle, 11 device con
nrt;ng wholly or in part, the e:<pansive into 

60 "elocity-energy. The machine will then 
worlc rather -like n turbine, absorbing the 
er1ergy of kinetic momentum of the particles 
as they whirl, with continuously decreasing 
sp~ed, to the exhaust. 

66 The above description o! the operation, I 
may odd, is suggested by experience and ob
SOI'''ation, and tS advanced merely for the 
purpose of explanation. Tbe undeniable 
!~ct. is that the machine does operate both 

eo expansively and impulsinly. When the ex
pansion in tho nozzles is complete, o~ nearly 
so, the fluid .Pressure in the peripheral c,Jeor
once space IS small; as the nozzle is mode 
Jess dive.reent and its section enlarged, the 

u pressure r1ses, finalbt approxipuiting that of 

H Nikola T~lo 

the supply. But the tn·nsition from purely 
impulsive w expansive action may not be 
continuous throughout, on account of criti-
cal states and conditions and comp11rotively 
great variations of pressure may be caused 70 
bv small changes o~ nozzle ''elocit~. 
:In the prece()ing it' has been assumed that 

the pre~sure of supply is constant or con
tinuous, but it will be undeNtood that the 
operation will be, essentiolly the some i! tbe 76 
pressure be flnctuating or intennittent, as 
that due to explosions occurring in more or 
less rapid succession. 

A "ery desirable fenture, characteristic of 
'machines constrncted and operated in ac- 80 
cordance with this invention, is their capa
bility of re''erMI of rotation. Fig. 1, while 
illustrative of n special case, mny be re
garded as typicn I in this respect. If the 
right h~nd valve be shut off and the fluid 86 
supplied through the second pipe, the nmner 
is rotnted in tlie direction of the dotted ar
row, the operation, and also the performance 
remainin~; tlte s:~me ns before, the centrnl 
ring being bored ton circle with this purp06e 90 
in view. The snme result m~y be ol>tatned 
_in many, other ways by specially. designed 
valves, ports or nozzlPs for revcrsin:;: the 
flow, the description of which is omitted 
here in tho interest of simplicity nnd clenr- 95 
ness. For the same reasons but one oppra
tive port or nozzle is illustrated which might 
be adapted to a volute but dccs nnt fit best 
n circular bort. It will be understood that 
o number of suitable inlets mny be provided 100 
around the periphery of the runner to im
prove the action nnd that the construction 
of the machine may be modified in m~ny 
ways. 

Still another minable nnd probably 105 
unique quality of sneh motors or pr1me mov-
ers may be described. By proper construc-
tion and observance of worlcing conditillns 
the centrifugRI/ressure, oppostn~ the p:t.~
sage o! the flui , may, as already mdicated. 110 
be made nearly equal to tlte orcssure of sup-
P.ly ~hen the: machme is running idle. If 
the mlet sect1on be large, small ch~nges in 
the speed of revolution will produce great 
ditTPren~s in flow which nre further en- 1115 
honccd by the concomitant varintions in the 
lcn~rth of the spiral path. A self-reguhiting 
mnchine is thus obtained be~ring a striking 
resemblance to a direct-current electric mo-
tor in this respect that, with :;:real differences 120 
of impressed rressure in .l wide open chan-
nel the Bow o the flu1d throngh the s..!Qe is 
prevented bv virture of rotatinn. Since the 
centrifugal 'helld increnses ns the square of 
th_e revolutions, or e,·en more rap:dly, and J25 
w1th mod~r.n h1gh grad~ steel ~;rc3t p~riph-
ernl \'elocthes are practtc.l\hle, •t is po!<Siblc 
to attnin that condition in n sinr•Je stage 
mnchine, more readily if . the run;e t· be of 
large diameter. Ooviously this problem is lSO 
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facilitat~d by compounding,. as will be un
derstood 'by those skilled in the nrt. Irr~
specti ve of its bear!np: on economy, this tencl
ency which is, to · a degree, common to 

5 motors of the above de,;cription, is of speeinl 
advantage in the op~rntion of large umts, as 
it. affords n safeguard against running nwny 
nnd destruction. · BcsJdC$ these. such a prime 
mo,·er possesses many other advantages, ooth 

10 construetive nnd operathe. It is simple, 
light and compact, subject to but little wear, 
cheap and· except ionally easy to manufac
ture ns small clearnnces and accurnte millina. 
work are not essential to good oerformonce. 

15 In operation it is reliable, there bein!( no 
vnh ·es, sliding contacts or t~~ublesome \'&neE. 
It is olmost free of windage, largely inde
pendent of nozzle efficiency and suitable for 
high as well as for low fluid velocities nnrl 

20 speeds of ro,·olution. 
It will be understood that the princi pies 

of construction nnd ooerntion above gener
ally set forth , are capable of embodiment in 
machines of the most widely different forms, 

25 1md adapted for the greatest variety of pur
poses. In my present specification I have 
£Ought to describe and explain only the gen
c1·al and typical :>pplications of the princ1ple 
lohich I believe I nm t.he first to realize and 

so turn to useful account .. 
What I claim is: 
1. A machine adapted to be propelled by 

a fluid consisting in the combination with a 
casing having inlet and outlet oorts at the 

36 periphera.l and central portions, respectively, 
of a rotor haYing plane spaced surfaces be
tween which the fluid may flow in natural 
spi rals and· by. ndhesil'e nnd viscous action 
impart its enerp-v of mo,·ement to the rotor, 

{0 as described. 
2. A macl.iine adapted to be propelled by 

a fluid, comprising a rotor composed of a 
plurality of olnne spaced disks mounted on n 
shaft and open .nt or near the same, a'l in-

15 closing casing with a peripheral inlet or in· 
lets, in the plano of the disks, and an outlet 
or outlets in its central portion, ns described. 

3. A rotary engine adapted to be propelled 
by adhesive and viscous action of a continu-

60 ously expanding fluid conmrising in combi
nation a cueing forming a chamoer, an inlet 
or i[\lets tangential to the periphery of the 
same, and an outlet or outlets m its central 
portion, with a rotor composed · of spaced 

disks mounted on a shaft, and open at or' 56· 
near the same, as described. 

4: A machine adapted to be propelled by 
fluid, consisting in the combinatiOn of n plu
rality of disks mounted on a shaft and open 
at or near the some, nod an inclosing casmg 6~ 
with ports or passages of inlet and outl~t 
at the peripheral and central portions1 I-t· 
spectively, the disks being spaced to Iorm 
paS$8ges through which the fluid may flow, 
under the combined influence of radia l and 8F 
tangential forces, in a natural spiral pnth 
from the peripliery toward the nxis of the 

·disks, and impart its energy of mO\·ement to 
the same by tt·s adhesil'e and· viscous nctiou 
thereon, as set forth'. 70 

5. A machine adapte<l to be propelled b.v 
a fluid comprising in combinatiOn a plnrnl
ity of spaced dislcs rotatnbly mounted and 
having plane surfaces, on inclosing cnsin_g 
and ports or oassagcs of inlet and outlet a a - 76 
jacent to the periphery nud center of the 
disks, respcctivelv. as set forth. 

6. A machine nan ptcd to oe oropclled by a 
fluid comprising in combination a runner 
composed. of n plurality of disks hnving 80 
plane surfaces and moW)t.cd nt intervals on 
a central shaft, nnd formed with openings 
near their centers, nnd means for admitting 
the propelling fluid into the spaces between 
the disks nt the periphery nnd discharging it 8~ 
at the center of the same, as set forth. 

7. A thermo-dynamic conl'erter, compris
ing ' jn combination a series of rotatably 
mounted spaced disks with plane surfaces, 
an inclosing casing, inlet ports at the pe- 90 
ripheral portion and outlet ports lcnrl~ng 
from tl1e central portion of the same, as set 
forth. 

8. A thermo-dynamic conver ter, compris-
ing ill' combination a series of ·rotatably Q5 
·mounted spaced disks with plane surfaces 
and having-openings adjacent to their cen
.tral portionsJ an inclosing casing, inlet ports 
in the peripneral portion, and outlet ports 
leading from the central po~tiori of the snme, 100 
as set !ort11. 
.·In testimony whereof I affix my siWtnture 

in the presence of two subsctJoing Witnesses. . . . 
NIKOLA TESLA .. 

Witnesses: 
. M. LAWSON DYER, 
WH. BoHLEDER. 

COjlle• ot tli.!J pAICJII mA7 be o~ae4 tor in cents· uoh, 1>7 ad4rett1Di the ·,. Commin loncr ol l'a!CJitl . 
Wulllui'toa, Jl. 0.• . 
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7;, uU <cnom it may concern: 
Ue it. known that I .' ~lJlOLA TEsu, a c1t1 · 

'·''" of the United . States, residinr at New 
York, in the county nnd Stat~ of New York, 

0 '""'e in,·ent~rtnin nc'< II.DJi. usdul Im
pro•·cments in Speed-Indi<:ators, of which 
the following is u full, clear, nnd exact de
scription. 

In the prodsion of speed intlir ators. that 
•o J.:tYC <lircct readings of t•nte of motion,

for example sh1tft speeds in tern!s of re,·olu
tions per minute or Yehicle speeds in miles 
per hour-it is obdoush· impoa1ant thnt the 
instrument be simplr, inrxpl'nsi,·e nnd du
nahl,•. nnd that its indirations bl' nHT<'Ct 
throughout u wide range of speed. Likewise 
1t is , . .,.). desintble that its operation shall 
1 ... s11hjett t o l i ttle or no nppreciable de .. ia· 
tion from UC'CUI'ntv undf.->r nonnn l or e:c · 

:o pt.•t'tt>d ~xtJ·unt>ous i-hu n#!€'5. such ns those of 
atlllOS('Iwric dt•nsity. tt'IH)>t:nltu r<.•. or m ug
netir mf111em·e. in onle1· that the structure 
au:t,\' 1..M? frt>e from :uty <'Omplic.·<~tions inC'i· 
•l•nt to the emplol'me11t of S()erific means 

2~ t·tuut>t>nsnting fo1· such 'n ryi nc <'Onditions . 
My pa-eS<'nt im·ention s11pplies· a speed 

m~n~unng npplinn("(\ amply ~~rtisfying cotn
mt-a1'-in1 tll'mrtnds ns abon• st:1h•d. inn. strnc· 
tun) ,,·he-rt-in the adhesion and ,·iscosit\· of 

30 "l!'nseous me.lium. pref,•rnl.>l~· ;l ir. is utiiized 
for· hwqnt--tr:utsmission bt:twN-n the d ri,·ing 
and d 1·i nm m£'mlH..'I'S. 
~!m·e pnatitllhtrly. my i n,·~ntion pro,·ides 

a t·otnttlhle lll'ianar_v ''ncJ n JU('("hrmicnllr re· 
·1~ ,istnnt o•· binsed pil'nted S<>condar.v clement. 

co<.ipC'I'nting. through sm i nte rq~ninJ! fluid 
me-dium to proJute. in1wn:·nt1y. without t he 
11~ of . compcnsatin:;r inst1·umentalitie-s. 

· :a n.~ul~u· displace-ments of tht:.' sf!condnr.'' e-le· 
40 nu.•ut in lineur propo1·tion to tht• rate of rob · 

tion of the prinanry. so that the readin:;: 
stnlt• mar be nniform lv J!J'a<l nnte<l. This 
Iutter nd\·antnge is secui·~<l throu,l!h the np· 
plicnt ion oi no,·el principl~s. <.liS<·o•·frNI by 

1:. ane. which will be presently <'l lldd:t h~<l. 
In in ,·estignting the di'N·ls uf Huid' in 

motion upon rotnti,·e s,·stems I han·• ob
s.•n·ed thnt undez· ~ea·tain coat<li t ions to be 
hfa·eafter defined. the <.lmg ·,... t urning 

bO effoa·t exerted h~· thP f!n itl is •xadl.'· lll''h 
portionnte to its , ·elcx·ity n•l:at i<·e to the 
S\'stem. This I hrn·e fm11lll f " he trn• ilf 
;..oiloeons nnd liq11i<J na~clin. with the distinc· 
lion howe.-er. that the limits within which 

6& thP law holds gO<.Jd ot·e narrower fot th4 

lattca·, especially SO wh.n the SJ>""aDC ga ~, '".Y 
Ill' the viscosity of the liq1aid as great. 

Hndng determined the conditions under 
which the lnw of proportionality of torque 
to speed {l'llther than to tiae square ~f the eo 
speed or to some higher ,·xponcntial fllnC· 
LIOn of the snme) holds good. I ha<·c applied 
my <lisco,·eries in th• production of new de
vi('('s-<!ssentially indaentors nf speed but 
havang wader fields of use-which urc, in 65 
nanny nspffts, Sllpel'ior to other forms of 
speedometez-s. 

.Spc~ificnlly I h:~•·e dc,·ised rate-of-motion 
indicators which cornpa·isc dri,·ing nnd 
<l<·in•n members wath con fronting, closely· 70 
udjnt..'l'llt. nouc.·ontading. smooth. annuhu 
sut·f;ttt>s of la rge ur~a. con('ting in the trnns· 
mi&:Sion of t<>r<(IIC through the riscosity '"'J 
n'dla~sion o f intcrpoS<d thin films of nir.
uat>-Ciwui(·ul structures offering nume1·0us 7:;, 
<'onst rllt t i,·e :and opea·ati,·e ndn1ntnges. 
Fau·the•·nao•·•· by properly desil!lling and co· 
unlinatin)! the essential elements of such in 
s tnnuents I hn"~ sec11r"'l s11bstantial linear 
proportiona lity bt'tw••n the deflections · of 80 

. the intlirn tin;r or S<•contlnn· element nnd the 
rnt~ of m tati on of the tla:i ,·ing or primary 
membet·. 

The conuitions more or ll'SS indispensable 
foa· this most per fect ~znbodiment of my in- 85 
.-ention-thnt is to s;ay, embodimcllt in a 
speed indicator npproximating rigorous 
l im•n a· pa•oportionn lity of deflection to spcetl-
n l'~ : 

1. The nrrnngement should be such t hat 90 
the ••xchan;re of fluid ilcting on the system 
is efl'ccth·cl.'· pre,·~nt~d or minimized. If 
n~w flu id were permitted lo pnss freely be· 
twe~n the ~lem~nt~ there would b~. ns in a 
(HIInp. with the rise uncl hll of Yclocity, 9~ 
ton~·spontling chnnges of <JIInntity on.;! the 
toa·quc would not ,·n r'· direct!.<• as the speed, 
h11t ns nn exponential f11nction of the snme. 
Ilroatll_v spenkinj:!. s11eh (H'O\'ision os is com
monlY m ndc in hl'dra11lic brakes for f ree cit·· lOO 
~11lntion of fluid 'with respect to the rotatil'e 
system, with the nttendnnt accelea·otion and 
r•turdntion of the flow. will generally pro
duce a turq11~ ,·nr"ing as the square of the 
sp•etl. oubi•oet howe--er, in practice, to in- 105 
fluenc·es whit·h tnt\~' cnuse it to chAnge ac· 
c:urdill!! t<> ~till hi~ther powers. F,er this 
rea>:on confinement of the fl11 id inten·ening 
bt•tween the primnrv nnd secondarv elements 
of the system so that such active, torque· llO 
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trnn~mitting mec.lium may remain resident, 
nnd not be constanth· renewed, is vital to 
complete attai nment· of the desired linear 
proportionality. . 

6 2. The spaces or channels inclosing the ac
tive medium should b<~ as narrow as prac
ticable, although within limits this is rela
ti,·e, the raug~ of effec.ti,·e separation in
creasing with the diameter of the juxtaposed 

10 rotath·c surfaces. My obsen>ations have es
tablished that when the spacing is so wid~ 
as to uceommod•te local spiral circulation 
in the resident ti•Jid between the confront
ing areas, marked departures from r·igorous 

15 proportionality of torque to speed occur. 
T herefore in smrtll instruments with pri
mary members of but few inches diameter, 
it is desirablt~ that the channels should be as 
narrow ns is m<>chanicallv feasible· with dnc 

20 rc"'ard to the importance of maint:.ining the 
no~1contacting rela tion of the rot.,ti\'11 parts. 

3. The ,-clocitv of the fluid relative to the 
system should Gc as small as the circum
si.anccs of t he cast will permit. When n ga.s 

25 such ns air is the acti\·c mt.•dium! it m:ty be 
100 ,feet per· second or e,·cn nlOr't•, bnt with 
liquids speeds of that order cannot be used 
without ddtrimcnt. 

4. The bodies exposed to tho .. ction of the 
30 fluid should be symmetrically shaped and 

with smooth surfaces, de"oid of comers or 
p rojections which gi,·e rise to destructi ,·e 
eddies that ure par·ticularly huttfuL 

:;. The system should be so shaped and 
SG disposed that no pnr·t of the mo,•ing fluid ex

c~pt thnt contu inrd in the spaces or channels 
· can effect mutcrinlly the torque. 1f t~is 

r ule is not observed the accuracy of the m
strument may be impair-ed to an npprecia-

40 ble de!n'ee, for even though torque trans
mission between the confronting surfaces 
is proportional, there may yet be a com
ponent of the rotary effort (through the 
fluid coacting with the elttcrnnl surfaces) 

46 proportional to an exponential function of 
the speed. Hence it is desirable that by a 
closely in,·esting casing, or ot,her means, the 
torque-transmitting effect of fluid outside of 

. the chnnnels bctttcen the rotative parts be 
60 minimized. 

6. In general the flow of the medium 
should be calm and entirely f ree from ull 
tur·bulent action A~ .soon as there is a 
break of contim:n,y lho law abo\'e stated 

56 is ,-iolnted and the mdications of the deviec 
cease to be ri gorously precise. 

These requirements cun be readily ful
filled and the above disco,·eries applied to n 
I!:T'Cnt many ,·alunble uses, as for indicating 

GO tho speed of rotation or translation, reSpec
th·cly, of a shaft., or a vehicle, such ns nn au 
tomobile. locomotive, boat or ·oerial vessel ; 
for determining the velocity of n fluid in 
motion; for me.~suring the quantity of flow 

GS in steam, air, gas, \9aler or oil supply; for 

ascertaining the frequency of mechanical 
and electrical impulses or oscillations; for 
determining physical constants; and for 
numerous Other purposes of scientilic and 
practical importance. ve 

The nature and object of the invention 
will be clearly understood from the sncceed
ing description with reference to the accom
panying drawings in which: 

Figure 1 represents · a vertical cross sec- 75 
tion of a speed indicator or hand tachom
eter embodying the above principles; Fig. 
2 is a horizontal view of the instnrment dis
closing part of the scale, and F igs. 3 and 
·I nre diagnmmatic illustrations showing AO 
modified constructions of the moin parts in 
a simi lar de"ice. 

Heferring to Fig. I, 1 is a pulloy-shnpe<.l 
meta l d isk f rom tliree to four inches in di
ameter constituting the freely-rotatable pri - ss 
mary clement. It is fastened to a dnve. 
sh:dt 2 which is turned to fit a hole in the 
central hub 3 of the casting 4. A ball bt>ar
ing 5 set in a recess of the former, serves 
to tnl<e up the thrust :lgainst the shoulder 90 
G of the ·shaft and insures 'free running uf 
the same. In close 12roximity to the disk 
I is the thin shell 7 10 the form of a cup, 
this being the second:try element of the s.r><· 
tern. It is made of stiff and light matcri•l , vs 
as hard aluminum, and is fixed to a spindle 
8, supported in nearly frictionless bearings 
or pivots 9 and 10. As before remarked 
the spncing between the two elements, (I 
and 7), should best be as small as mnnufnc- 100 
turing conditions may make feasible. By 
way of example, a separation,- in an in: 
strument of the diameter suggested,-of sny 
.015" to .025" '~ill be found effecti"e fo•· 
working purposes and also within a reason- 105 
nble range of inexpensi\'e mechno.ical attain
ment. Still smaller spacing is, however, 
theoretically desirable. One of the be;r r· 
ings nforesnid is screwed into the end of 
the shaft 2 nn<l the other into u plug 11 in 110 
a slotted tubular e.xt.cnston 12 of a casting 
.13. The running bearing in the shaft, . 
though not of perceptible influence on . the 
indications, moy be repluced by n stationary 
support behind ana close to shell 7, ns nt S. 115 
A torsionol spring 14 is prodded, for bias-
ing tl1e pivoted element 7, ha,·ing its encls 
held in collars 15 and 16, whirh can be 
clamped, as by the set sercws shown. the one 
to the spindle 8 nnd the other to the Pill!! 120 
11. Th11 btnrinj,'S 9 nod 10 a:-c cnpnble· of 
longltudinnl ildJustment and can be locl(cd 
in, any position by check nuts 17, and .18, 
but this r:cfinement is ge'!erally unnecessatr,v. 
The cnstmgs 4 and 13, m the construction 12 > 
specifically shown, when screwed toget~cr 
form a casing that closely in,·ests the rota. 
tive system. This casinl!' forms one a''Nil
able means for pre,·enting communication 
of torque from the primary elem~nt 1 to the 130 
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secondary "'ember 7 through the medium 
contActing with tl1e extem11l surfnt't'~ of 
both

1 
to nny e~tent sufficient fo1· mnteriollv 

modifying the tor<Jue due to the films bi. 
0 t\VCCn tho clements, but othrr rncuns to this 

end may be substituted. Tho ch:unher in· 
cloSI!d wi thin t!~~ cnsting should be oil·· 
t ight f<ll' l.ighest accu•·ncy 111 order that th~ 
density of the cont~meJ medium m:ty rc· 

10 mnin constant, although in the •·•st major· 
ity of "''~ where air is usetl us the atti•·c 
n~ent, the slight effects of ordinory changes 
u{ temperature and density of the cxternol 
al mnsphc re c:an be i~nored, ns thcv art in 

1 ~ u men•11rc neu trnl izrrl by the t·oncoinmi tnnt 
•·urintions in the r(•silience uf the to•·sionnl 
~J'>I'ing and as they do not se•·ivu~ly n ITi.'ct 
th e propo1'liuuality of deflection~ obsclTNI. 
ll0\\'0\'tr, when great pr~rision is c~scntinl, 

20 ft st:d IV of suitable p:tddn~\ p:ISic or ;t mal. 
!!"Ill mny I><! employed. Ob• iousl.v the w11rk. 
mg pnrts m:.y be cc.mt:tinN1 in n ~p:trnh.""~ 
pt'l'fcctl,<"" tight 1'\'5<'1'\ oir 1\11('<1 with nnicl 
of any .JcsiJ...,,J churnrrcr, t he rutating m•m· 

z~ uer or disk I bein!! dri•·cn by :1 maj!net ont· 
side. This expedient hns bc,'('n ndopt•<l in 
numernus instnncfS nnd is fiUite fnmilin r. 
Tho casting 4 has n winduw or upening 20. 
c:lu~d l>y :1 pie<·e of tmnspnrenl substnnte, 

'10 ~nch liS c~lluloid. for enablinj! the re:t.!i n::s 
to be m:Hie on the St':tlc "hirh is en~:r:t~wl 
upon or glued tn thP ri111 u( tlu: inclicHtion
cuntrollinj! •lement .,,. >lwll i. The ~hnft 2 
is nrmr-d "ith :t st<"f."l ur n1h!Jcr tip ~1. :tnd a 

J~ hnndle 2'1 of fib<!r or othec· m:tterinl is fas
h·ne<l lO the centra) hub 0( cnstill;! 13. cOOl· 
pletin;:! the hond l<<chometer. 

Fig. Z in "·hich like nnmbers designnte 
~'~>rrcspond i ng pnrts is sd f·exp l nnn tor~·. 

tO .\llention mny I)(> cnllcd to the poin ted in · 
dt•.x 23 pbrt'll in the Opl'ning 20 nntl lllnrJ;. 
in~. tdt(•n the iustrunwnt. is not in u~t', zer•o 
1111 the M·nle. The Iutter can I~· l'l•:ulil.•· put 
in IH'OJWt' yosition Ly turning the '"liar IG 

• \ to the <le.o•~d nn"le. 
.\s <lescrib<!d the dc•·icc is odnpted for 

usc in the martn£•r of an ur'tlin;u-y hand 
torhum•ter. In lakin!! the ,..,, oint ions of n 
!oho ft. the tip 21 is plncetl firmly into the 

uo l'\'Hl rn1 r1n lh· of the fonn('r·. u!'; Hsnnl. with 
th e rehult nf ~ntrainiu:: tlw disk 1 nn'l bri ng
inj! i t to fnll s p•••l l>v fl'ictiun. The nct h·c 
mN1inm. pn•ferahh· nir. in th ..- nn1·row <"hnn 
n•ls bci" N'n tl}e riotntin:: on<l pi•·otccl mem· 

~~ l><'I'S, Ul' .-h·tnr~ o f its ••llwsinn nncl ,·is· 
cosit.r. 'is set in ~i'"'"''!r motion ll,v the pri
ntiH'.'' elrment. nnd. gann~ up the momentum 
in1pn11e<l to it on tht light S<'('on<lnry shell i, 
runbt's •the Iotter to tnrn until th• tnrqn• 

60 utrt~d is l>nlnnrro by thP rell·nctilt fot'<'t' o f 
spo·ing 14. Cart' shonl<l be tnktn to em
pin,· n sp.-in~ thP J'rsist:, nrc nf whi('b .in
,,..;,,..s lincndy with clisplnrt'mtnt. ~ th nt 
tl"• <i•fl••rtions nre t•xnrtl.•• Jli'O~)(Irtinnnte to 

o6 the torsiounl etfect, ns otherwose the indi-

cations will not be trne to SC";alt•t t'' (\n llmu"'h 
the iiL~trumcnt be prefl'('L in ntlwr "''J>c•·'l.s. 
In orcl<•r thntthe torque 'hnnl.l •ury rigo<'• 
ousl.v n~ the spcc<l, the lluid p:ll'liclc• in t he 
minute dumuds ~tW<'"t'n the rotntin~ nnd 70 
pin•tt•d mt•mhrrs should •nn,·~ iu ci•·t:ll'); owd 
not in ~pir:ds. :ts n•••·••;;,;urily wuulcl toe the 
case in u dr,·it'C' iu "l•ich pumping uction 
could take plnL'<'. ami either h,v m:~king 
l.oth th•· primnr.v nnd S('('Oncl•r.v elemt•nL• 7~ 
(•fft•C'ti\e:y impl•rfon:ttc lo PrE''-'tllt. centra! 
:uhui~~i"' of nir, or ntJu~1·wise su ron
~tn•t·ted and conditinneJ that uir nmy u'ut 
ft·eely fiR!>'< frn:n cen ter tn Jl(>ri t>hco·v bt·· 
tw('en the l'IC'mt•uts of tJu:~ nwdng. ~ ~'~lt·m so 
nnchnnginl( "'sid~nce of n delimtc 'uuc.ly. 
of the 1u:tin1 mt'dium within the S\'S· 
lt'H\ is iusut~cd. \\'here pumping nrt iun·.
thnt i:-. to SHV. :l('t•dcroatlon or l't'l:ll'll:'ltion 
u( fluul IH<H·~·JHt..•ut ntln·r th:tn c·in·ul:l rly fS 
W&lh t ill' prun:uy clt•mt.'Ot.-t:,ltr~ place 
tilt' tl••tl("(·tiuns i1wn-..:1SC mo~ rapiJh· tlmn 
tht' ~pt1'd. It fullo\\:o. d1:1t <"t•utrifu;!nl fm"C'C. 
"hi,·h i!) the t~,•·nti:tl :n·ti,·e princ·•pll' in 
pmnpiu;;. fllll~t I~ n~:~gligihle to :'1\ old t·om- 90 
pr~~>.>inn o! the nir nt the periph~n· "hirh 
migltt rt.'SIIIt in n se-nsibly in('r<'nS<"d ~orqm•. 
To OJ>JII'CCial~ this. it shoulcl he '""'"~ in 
op ind tbnt th e t~·sist:~ nc~ of :1 t•i'rcu ln•· st1·ip 
of the tu·tirP !IJ'~:t would. nnd<•r Hll<·h t'~HI· 95 
diti()ns. II(' JH'liJHWtiona te to the fourth JHIWt'l' 
of tht..• •liullh'lt!l' ~, th:tt :1 sligh t ('()mpn·ssinn 
:uul uttfiUinnt in('n'<'S(' of densit\' u( t1w 
lllt'tliuu1 iu llw jl".'rip1u•r:d J)(n"lit)u uould 
(":lUst- :'a IIHIII'-'othlr fh.•)):ll"lHrC frnro I t;.!'CH"tliiS JOO 
propurt iounl i 1_,.. Expt•rience hn~ •l•·mnn. 
stnlll"tl that \\lu•n thr spntt is t·r•·y n:11TcH\·, 
as i~ in<li"p~n-.oble for the full~!>! ultoin 
uwnt of thtt dt1!>ll'r•l pa·nportion:llit\', tht.• l"t'll · 

trifugal rtf<•rt of the acti•·c fluid. lx• it ~nse· lOa 
ous ()r liquit1. is so sm~lll as to he unol•s,•r·r
:tl>ll'. Thr infet"<•nt·e is thnt the nct i us in the 
ll:'liTQ\\' ~:»p:u·~ IJC'tWI.·~n the rotati\'{• uwmltt•I"S 
an• rapillnl'y or molt•cnJnr anti wl1olly .)j f. 
(.,·rut in Jll'i<ll·iplc fmm lhOS!' lakill;! place 110 
in :'\ pmnpinp ,Jr,·ire in whi<"h th\• flnifl 
m=-~s :tre :tltf'rn:ttrly rdarciPtl :llltl :'IC'Ct'l\·· 
rat••l. Tht """'•· whi··h. as will!)(> "1')'"'-ent 
frnm 1lw JHVc~linS!. is uni foml in :•n mstt·u
m<'nt J,.·~t f.•mlHul.'·iu;_! mv inn~ntion. mny 11~ 
1te ~ , ~rncln:ltt••l thnt t•:t<'h ch•;:rec t'OI'I"tspnnfll\ 
tn u •·r•·tuin uuml)t>r <) £ re\'o)utiofls ptr unit 
nf tim~."'"' feu· cnot•·enicncc. (in sh nft ·sr•eu 
iudirntni'S ns hl.'l'tlin showr.), the rt\nstnnt 
is ~norlt o rounol nnmUcl', os 100. The es- 1?.0 
t:ololishnltllt of this rebtion thrnn~:h the nrl
j11£1111cnt of the torsion~! ~prin~: is fncili
tot•tl U\' Vl\1'\'in:r thr distnncc het•<ttn the 
pnrls t ' nncl 'r. thus mO<Ii f.•·in~ tht torque 
ancl ·mnS«tntnth· th• •leH....-tilln. (1111• h'>rqn~ 125 
vnryinf!: in,·t~ly ns tht dist:.nff) "l1ilfl nl
WJ'·'·s k"'pin;! within the rall#!P thrnu.zhnnt. 
whic-h linrnr (U'tlpnrtionnlity f,o :1ttninnhiE. 
In t•ali1Jrntin~ it is nec~s:'lt'_\' to m:1k•• l•fl t 
one obscn·ntion compn rnti•·r with son1c posi· 130 
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ove sl•~danl anti to plu! the l>alance of the 
scale aC<'ord ingly. The <'<>Jhlitions :~to,·e set 
fo1·th ll\'in;,r n•nliz~.t. the reauing will be ac· 
cm·:lh.'l.'· propul·tinn:ttt• to the SJ>t>ed and the 

5 ('OIL-·tant will l•t• t'OITl'd tht'Ough the whole 
nml!e ·cuut••utplate<l _iu the design. Therein 
lies u •:er.r importnn t ndrantnge bearing 
on nuuntfa('llll't> and introduction of de,·ices 
of this dm111tter· o\·er 'those now in use 

10 which nre unSI'd on nn empiricul scale, tedi
ous to prepare, and um11linl>le. When de
sired. the instrument nul\· te rendered dend 
beat through Jna~netic or: mechanical damp· 
ing. but bv mnlong the tol·que vcrv greu.t, 

15 und the ine1iia of the seconclnrv "element 
· ·ery smnll. such ol>jfCtionnl>le complicntion 
mny l>o ,,·oiclcd . With a given sepnrntion 
the tlll"ning efTor·t is proportionnte to the 
prodcet of the vclo<·ity of rotntion, the den -

20 sity of the fluid and the uggregate m11n of 
t~e actin~ surfuccs, hence by incrensing 
e1ther of these fnctors the torsion can be 
nugmented nt will. It ol)l·iously follows thnt 
the pull cserted on n circulur disl< wil) be 

25 ns the third power of the dinmeter nnd one 
way of :tU:lining the olJje<·t is to use o large 
plate. Other nnd better ways urc illus
Ltated in Figs .. 3 ami ~ in which the ' rotating. 
and pivoted elements are composed of intcr-

30 leaved disks or cy lind<·r-s. The first Rr· 
runge!llent permits on indefinite increase of 
tLe torque, the second commt~nds itself 
through the facility of adjustment of the 
force by varying the active UI'Ca. 

3~ For many re:rsons it is decidedly advan
tageous t<> employ air as the agent in an in-
6tt-ument intended for · popula r purposes, 
4Specially those in,·olving rough usc and in
u pert handling;•since thereby t)le cost of 

!O .1.wutttfacture may be kept low, the nc;,d for 
enscaling minimized and susceptihility of 
the par-ts t_o easy disassembling and rcpluce
""'"t att:uoed. It 1s, therefore, ucs•rnblc 
that 'the ani111lar confronting surface of the 

•:• elcmcuts,- whetlu:r nf disk or cylindrical 
form,-he sufficient ly cstcn.si,·c for securing 
arnplo torque to make the instrument ap
proximately de:td beat and to minimi7,e the 
].w.rct•ntagc' of error due to mt.'\:hanical im-

~0 l>erf<•ctions. 
Tlw fon•going description cvntuins. I &e

ti .. .-e, all the information necessary for en
;l.hl il•:! au expert to car·r·y my invention into 
~tu:(j(! ~::;(•JI pnlClice. \\'l1cn using the indi-

SS <~tcu· iu the manner of au ordinary \'Chicle 
spc<•dumctcr, as in an automobile, the sh:<ft 
2 is ,-i~idly or flexibly ~:~->red to the driving 
11..<1~ nr other suitable part und readings are 
m3dc in miles per hour; ns is customary. As 

GO wi ll l>e apparent many other valuatle uses 
may be served, since the primary clement 
ra11y oo connected in suitoble electrical or 
utoch:tnicnl manner with any rotating pnrL, 
Lhe speed of whioh may l>o translated 

~ ~ through a linearly oroportionate constant 

• 

into the desir·ed terms of time and quontit,Y. 
and the reading scale mny be cnlibrnted 1r, 
such terms. It will also be e•·ident that by 
nccurnte workmanship, followin" the teach
ings of my in,·ention, instrumc~ts at once 7cr 
simple, rugged , and scientifically accurate 
may ~ C!>nslructed for'!- vel).' wide range of 
uses 111 c1ther huge or tmy Sizes; and, sine<: 
the commercial requirements of accuracy in 
many fields gi,·es a reasonable ran~e of 7 ~ 
pe•·missi,·e error, manufncturing consldera· 
tions may lend to de•·intions f1-om st1·ict ob
serl·nnce of some of the conditions thnt I 
hn,·e indicnted ns best attnining n rigorous 
proportionolit.v of reading. The provision 80 
of simple mechnnioo I elements. cooperating 
pl'imnl'ily only through the •·iscosity and 
ndhesh·euess of tho oir fllms interl·ening 
therebetween and substantially free fr-om 
need fo1· ensealing anti from error caused by 85 
changes of ~xlmneous corHiitions, especially 
temperature. ofl'ords striking COIJlmen:ial 
n<hnntngcs IUlnH:~inatlu in any form ol 
speedometer of whirh I am aware. There
fore while I hn •·e described in detail for the 90 
pllrt>Ose of full disclOsure a specific nnd 
highl.v ad.-nntngeous emoodiment of my in
··ention, it will be understood that wide 
•·n rintions in the mechanical development 
th~r-eof may he made without departure 95 
from its spirit within the scope of the np· 
pen(!cd cia i ms. 

What I claim is: 
I. In coml>ination, fixed supporting 

m .. ans, disconnected alioed drivmg and 100 
dri•·en >i>nfts rotatably .mounted in said sup
porting means, relatively thin spuced r igtd 
pieces of material rigidly connected to nnd 
nrrnnb'<>d couinlly ubout said driven shaft 
with br-oad surfaces opposite each other, and 10• 
other relati,·ely thin spaced rigid pieces of 
material ri!;,-idly connected to und arran(led 
coaxially wrth the drh·ing shaft, and bemg 
alternated with the firstrmentioned J'ieces 
between them nnd having their broa sur· 1H 
fal'CS adjacent lit and spnced from the hroad 
surfnces of surd other pic"Ce~, ~aid pieces all 
nrrnnged in nir, throu~h which torque is 
frictionally transmitted from the second-
mentioned pieces to those first-mentioned. 11! 

2. In combination, in a speedometer, dis. 
connected alined driving ttnd driven shafts, 
n fixed >11pport, said shnf1s l>eing mounted 
in said support, n ~-oi led spring. having one 
end secured l<> snid fixed support and the 120 
other end secured to snid driren shaft, rela· 
ti,·.,Jy thin s;mced ri1,rid pieces of material 
r;gidly connected to nnd arrnnged coaxially 
aoout snid driven shnft with their brood 
surfaces opposite each other, other rela· 125 
ti,·elv thin spaced rigid piec•s of material 
rigid"ty connected to and nrranged coaxially 
with the dri,·ing shaft. und being alternntcd 
between suid first-mentioned pieces unci 
spac;,d therefrom, and an uir hody filling 130 

• 
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• 
the spaces be~ween said l'i~~-es nnd oonsti. 
tuting the tm·que-transmitting friction 
medium therebetween. 

3. In comhinntion, in a specilometer. dis-
~ connected nlinrd dl'idng and dl'i,·en shnfts, 

a frame hnving bearings for S:Lid shnfts, n 
coi led s;>ring who;c inner end is ~e<:m"ed to 
said drl\·en shoft and l1:1.-ing its outc1· end 
secured to said f1·ume, spaced rigid pieres of 

10 material rigidly ~onnecterl to nnu urmnged 
:tbout said drin·n shnft. nnrl other spnced 
rigid pieces of lllat<·•·inl rigidly connected to 
nnd nnnngcd nbont sn1cl dri\'ing sh11ft, the 
former pieces being nlr~rnnted between the 

16 latter p1eccs in spnred relation with th,•ir 
brood surfnccs · in dose juxtaposition, and 
with the interspnres between snid SI?nced 
pieces forming n com·oluted nir-contnllling 
ci.Hnn~l th'ereh,•tw('en open to the sun·ouru.I~ 

20 trig air. 
4. In combination, disconnected nlined 

driving and dri .. en shafts, a fixed support, 
bearings t1•e•·cfor in snid support, a coiled 
spring hnl'ing one end secured to the dril'en 

25 shaft and its other end secured to snid fixed 
support, n cup·shuped body secured to one 
end of Silid dri,·inj; shaft coaxially, spnced 
rigid rclutil'ely tlnn ~,>lutes secured to said 
body in poralitl rclnt10n to each other, un· 

so other cup-shnpctl body secnred coaxially to 
said dl'i\'cn shn ft nnd inclosing &•id plates 
:.tt their outer edges in spaced rclntion t.hC.I'C

to, other spaccJ rigid relatively thin plates 
secured to the second-mentioned body and 

35 extending betw.een the first-mentioned pintos 
in spnced relation thereto, and an air body 
filling the spaces between snid pieces fric
tionully to transmit torque from the driving 
structu•·c to the dri,·en structure. 

40 5. The combination with menns for sup-
port and drh·ing nnd dri"e!' shu fts rotntu · 
bly supported the•·eby, of mcnns to t•·nns. 
mi~ torque from the driving shnft to the 
drh·en shaft comprising opposed material· 

46 pieces rcspecth·ely connected with the dril'· 
1ng sh,.ft and the dri\'cn shaft and arranged 
to present toward each other rclati\'ely.ex
tensi,·c, non·cont.ncting, closely-adjacent sur· 
faces, nnd n gaseous medium in which snid 

60 pieces work, said gaseous ~edium serving 
frictionally to connect the so•d opposed mn
tcrinl·pieces fo1· transmission of torque from 
the dnving shaft to the dril'cn shnft. 

G. In combination, dridng and dri\'en elc-
SS .nents suitallly 'SUpported and having con

fronted annuli always presenting to each· 
other reloti•·ely.extensh·e, non-contacting, 
closelv.adjnccnt surfuces, snid surfuces dis· 
posed" in d :;useous friction medium, where-

eo by the driv•ng member, by its rotation, in· 
duces rotary motion of the dril·cn member 
through the drag of the gaseous medium in· 
,.,,.,·cning between said annuli. 

7. In roml>ination, dri,,ing and driven ele-
66 ments hanng in opposed, closely :~djacent, 

no.n-contacting relatiOn, relati,·cly extensive 
fnct10n surfaces, and an interposed gaseous 
body_, throu~h which the Jriving member 
fl'lCtlonnlly Urags the dri\'en element. 

S. I n a speedometer, the combination with 70 
snpp01tin:: n1e:ws, seporn~lv-•·otatable driv-
ing und tll·i,·cn shafts mouni.cd therein, bias-
ing meups fo•· the dri,·en shaft, and means 
to mdicnte rot:u·.v displacement of the biased 
shaft in terms of speed, of piec~s rotati,·ely 75 
ca1·ried by s:~id respecth·c shafts, having 
,..,l:• ti\'ely·extensi "e, non-conu•cting, closely
ndJnc~nt surfaces arrungetl to confloont each 
othe1·, ond n gnseous medium intervening be· 
twe<!n said confronting surfaces to coact sa 
therewith frictionally to transmit toroue 
from the driving shaft to the biased driven 
shaft. 

9. In a speedometer, the ~ombinntion of 
o primary clement rotatable at varyint: s~ 
speeds, having a plurality of spaced annuh, 
n b1ased secondary element, arranged for 
separnte rotnry mo,·ement and ndnpted and 
ur.ranged to indicate speed variations by the 
extent of its displacement, said seconda ry 90 
element having n plurality of spaced, thin, 
light annuli, the annuli of snid two clements 
int:el'lea,·ed in non·contocting, closely·adja
cent relation always to present to,..., rd each 
other extensil·e friction surfaces, and on 9S 
nir body, through the films of "·hich, inter· 
,·cning between snit! nnr•~•li, rotution of the 
primary element. mny induce spced-indicnt· 
1n~ displacement of the secondary element. 

10. A speedometer wherein a p1·imury, 100 
,·nriable-speed element, and n biased, speed· 
indication-controlling secondary clement, 
that nre suitably supported for separate 
mo,·ement, ha ,.e opposed extensi \'e friction 
~nrfnces in non-contncting juxtaposition for 105 
frictional communication of power from t he 
111·imary element to the secondary element 
tlu·ough a gaseous medium thut lnten·cnes 
bctweert said friction surfaces. 

11. An uir drag speedometer, wherein a llu 
p1·imory, "•rinble·Spe<!d element and a 
bi:lsed spel'<l · ind itat ion-control! ing second· 
ur,v elenll'nt, th:tt a rc suit~bly rn~unted for 
scpnrnte rotary mon•mcnt 10 nn nu·-contam· 
ing casing. htne 11pposed, C'Xtensi,·c fric- 11& 
tion·Slll'f:ICCS in noli·COilt:ICtin/: juxtaposi· 
tion, fo•· frictional commnnicnllon of torque 
f•·om the primnry el~ment to the secondary 
t•lrnwnt through th(' medium of the cnsing. 
contained air. 120 

12. In n speedometer, the combinntion of 
an nir containin~ cnsing, n prirn1.1ry clement 
and a secondo•·y element· mounted in snid 
casing for separate movement, &lid elements 
hill·inu extensive surfaces e.<posed toward 125 
ench ~ther in closely conti~;uous but non
contacting relation for frict•onol communi
cation of power to one from. the other 
through the intervening air, means resili
ently to resist displacement of the .second- 130 



ary element, and means to indicate displace
ment of the secondary element in terms of 

speed.! . . . --~ 18. n combmatlon, tn a sp.,.,..ometer, 
6 disconnected sha.fts respectively carrying 

driving and driven elements that hnve an
nuli affording continuous extensive fric
tion surfaces in always confronting non
contacting closely - spaced relation, the 

10 driven element being light and biased by a 
light spring, for ready response to torque 
transmitted frictionally by air, and the air 
film-spaces between the elements constitut
ing an open tortuous channel; and an air 

16 containing casin~ inclosing tho driving and 
driven elements, 1ts contained air body form
inj!: the sole effective means of torque trans
mission between tho elements. 

14. I n a s~ometer the combination of 
20 rotatable dr1ving o.nd driven elements hav

ing• in opposed, closely-adjacent non-coH
tncting r-elation, relatively extensive friction 
surfa~, means to bias the driven clement 
means to indicato rotary displacement of 

25 said driven element in terms of speed, a cas-· 
ing inclosing said eloroents and containing 
air, said contained air body extending in 
fi lms between the friction surfaces, and 
formin~: the solo effective means of torque 

so transnussion between the driving and 
driven elements. 

15. In combination, d.riving nnd driven 
elements having in opposed non'contaCting 
relation relatively extensive motion sur· 

86 faces so .closely adjacent that through an in
terposed gaseous body the driving member 

. f rictionalf,r "drags the driven member with 
a torque linearly proportionate to the speed 
of the former. 

40 16. A rate indicator wherein a frcely-ro-
t!WLble primary and a biased, indication· 
controlling secondary member, suitably sup
ported for separate movement, have op
posed,· non-contacting surfaces in such close 

46 proximity that through an intervening vis
cous fluid medium torque is tranSmitted to 
the secondary member in linear proportiou 
to the speed of the primary. 
· 17 . .A:. rate indicator wherein a frooly ro-

60 tatable primary and a biased, indication
controlling secondary clement,. suitably sup
ported for .separate movement are opero
'tively linked through an intervening vis
cous and adhesi,·e nir body, said elements 

56 having opposed, cxtensi,•e non-contacting 
surfaces so closely adjacent that the torque 
transmitted to the secondary element 
through said air body is substantially in 
linoar proportion to tho speed of the pri-

eo mary element. 
18. I n a speed indiC'ltor the combination of two rotatively movable .driving and 

driven members having opposed non-con
tacting exteneive surfaces confimng between 

o6 them a p111ctically constant body of torque-
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transmitting fluid medium, said surfaces be
ing so closely proximate that the torque 
transmitted from the driving to the driven 
member is substantially proportional io the 
rate of rotation of the former. 70 

19 . . A . speed indicator . comprising in 
comlnnatwn, a ro.tatable body, a secon~ an
gularly movable body, means to resist- dl:t
placement of the latter proportionately to 
the torque· applied thereto, and a fluid me- 75 
dium interposed between them, said bodies 
hn,•ing opposed annular surfaces in such 
close proximity that pumping of the me
dium therebetween is pre,.ented and the de
flections of the second body are made pro- 80 
portionate to the sp...>ed of the other. 

20. A SJX>ed indicator, comprising, in 
combination, a rotatable, variable speed pri
.ruary clement, and a light, pivoted, tor
sionally-resisted, indication-controlling sec- 85 
ondary element, suitably mounted for scl.'n
rnte movement and operatively linked With 
the _former. through an in~erposed gaseous 
mediUm, sa1d elements havmg opposed, an-. 
nularl non-contacting surfnres so extensive 90 
n~d. c osely proximate that tho whirling me
diUm exerts n strong and ste,dy tnrnmg 
effort upon the secondary element, substan
tially in linear proportion to t he speed of 
tho primary. 95 

21. The combination, in a rate indicator, 
of a freely rotntable primny and a tot·
sionnlly-resisted indication controlling sec
ondary member mounted for separate mol'e
ment, with their opposed non· contacting 100 
symmet1·ical surfaces confining therebe
tween a resident fluid body and ananged in 
such close proximity that the fiuid, en
trained in c~rcles by the rotnting primary 
exerts a torque on the secondary member 105 
in substantially linear proportion to the 
speed of the former. 

22. In combination, in a speed-indicator, 
a rotatable primary clement, a biased sec
ondary clement, a fluid body ~tween and 110 
around them, said elements hndng opposed 
non-contacting extensive sul"faces in such 
closo proximity !lout the resident fluid body 
therebetween transmit~ torque to the secon<l -
nry in substuntilllly linear proportion to the 115 
speed · of the primary element, and menns 
for minimizing the rotary effort t1·ansmitted 
through the Huid arounil the elements. 

23. A r~tc indicator comprising u struc
ture confining a substantially unchanging 120 
body of fluid and including en extensi ,.e 
annulnr surface of a freel,r rotatable mem-
ber, arranged to impart Circular motion to 
the fluid, nnd a confronting nnnular sur
face of nn indicution-cont.rol.ling nngulndy- 125 
displaccablo mcmbetjj· arranged to tukc up 
momentum of the uid, S!lld surfnccs be-
ing so closely proximate thut the torque 
t-ransmitted throogh the fluid is propot·
tionaJ to the spm of tha rotetable member. 130 
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24. A speed indicator comprising 1\\'0 ele
ments mount(\d for !:it'parntc. •nm·clllcnt ;u a 
fluid mec..liurn. oue of the <'lt•un•nt:-o lu.:iug 
freely rotat.oble nt n11·yin~ spectl!<, anu the 

6 othe•· piYoted and !Jrased ag:tinst :tngulnr 
clisplacement, said ekmcnts haYing opposed 
n on-contncting ext.ensi•·e symmetrical sur
faces in such close p•·oximity that tor<p•e is 
t•·ansniitted through the int•n·ening flui<.l 

10 body in ~ubstallliully !incur prt1J'<•rtion to 
the speed of the _primary element, 111111 n 
mt:mber · sm·roundmg saul elt>1 11cn t~ ;1nd 
minimizing the !low uf the fluid along the 
exterior surfaces of said Sl.'(.'ondary clem~nt. 

]!) ~5. 1n· n cjf;\\'ict uf ()1(.' cl'aradt·r th·~rihl••l, 
the combi nntion of :J I:OluUtble prima1·y cle· 
mentt u spring-bia~rl st'('undnry c~I(•Jli«.'Hf 1 n. 
<:asing SIIITnunding the s:une :uHI a fluid 
body filling the castng. said elemc·nt~ h:"·ing 

20 oppoS4?d non-ront:u:ting: auuular !)udnt~cs in 
~uch clo~ proxiulity that tht• rota•·y dfort 
(>x.,rt<'<i through th• Ouid hody on the "CC· 
ondn ry e ltmwn.t is pl'opm·t ions te to tho 
speed of thl' JH'Hn:\1'\' <'1<-nl<'nt, snnw pnrts of 

2~ said e-n si ng lu.•iug- so ~lo~ly proximAlt• to ~nid 
denwnts ~~~to miuimize tor~lf!·t.rnnsm itting 
!low u f·the fluid uluug the e•terior surfnces 
uf the "<•o·ond:u·y eleuwnt. 

!!ti. An air dt·a~ spl·t·clolll('ter wherein a 
so ,-otatnbl~ primary ,·ariablc·Sfl<'Cd element 

nnd • biasecl pi,·otecl secondn•·y ci<•ment, 
mounted for st:•par:tt(' uau\..-lllt'nt in nn nir· 
containing t•usinS!. ha\4.' opposed e:<tt-nSi\'e 
smooth t~nnulnr· surfn"'·s in such clusc juxta-

35 position thnt torque is trunsmitted throu,::h 
the nir int('n·ening htohH•rn ~aiel sud:W<'$ in 
tiubstautiully lita•ar pl'opot·tion lo tht• :-ipl·.;d 
o f the I'Oll\tnhh.• prima ry t•l(•tm•nt. 

27. A Sp\Wd indic:~toJ' C'O!u prising a do!-.('d 
-t o fluicf.fillt>d t•asing. prirHai·y aud £o;(>l'Ondn1·y 

6":.)Cmf'nts n10untf'd tht•n·i n. the on~ for ·rota
t ion anrl tho other for torsion:lllv resisted 
:angul:u· di~pl:u:~uwnt. :-:aid t•lt.•mer\ts hnring 
oppoSt•cJ non-('ont:H't i11g extcnsin.• nnnulnr 

-4 !• surf:u.·t·=-- (urmin,g tht•l't>lwt \\'t•t•n a smooth in· 
tf'r n•n in~- d1:1ntu•l \\ lwrcin t:on(im•d ftu itl 
'uav lllOYt• in fin·lt!s nudt•r tlw infln~nt·e .. of 
t.h•; p r inuu·.\' mt'llllH.•r. :md l•d \\'y('u tht•u1 and · 
th~ !lt(t•rior ~urf:H't'~ o ( flw t':Hilllg SIIIT01111d · 

60 Hit,! dtarmt•l:o- wllt'l't'l ll llnid c·outi~ttott!'> to tht~ 
:-oc.•c..•tuHlar\' l'll'lllt'llt mu\· l't•n•i\' (' c·ir·<·nlnr 
111 0\' ('lllt'r;t from tlw pl'i"tn:tl',\' t•lt:nwnt. s:\id 
~m·f:tt·t·~ ht•in~: !"O doSt•ly · JH'hXImnte thnt 
lOI'fJIH' li'!II\SIHi!->Sion •thJ'(IHl!h the flnitf is 

bf. lirwarly proporri(tn:ltt" tu tlw spet•tl o f t ill' 
p.-inwl'\' t•lruwnt. . 

:28. 'l'tu~ t'Oin hinntiou. inn :->pt•NI indir:1tor. 
of a dost•cl c·:tsin~. :t ftuitl hotlY aud two ro· 
tntin·ly ·u.wnd,lt un-111lwr~ tll(·J·ei n~ mean~ 

60 for rotat111~. Ollt" of tlw uwtnb<'rs, lllC-tHlS 
fo a· n·~istin~ di~pi:H't'lltt'll f of tht• otlll'r. Ortcl 
•awans c·ontrul1t·d h)' t1w l:;~t n:anwd m~ruher .. 

for rcn<i inp: its di splnr.emrnt in lt. ms of 
speed~ Baid. twc_, mt·u~ht..-s h:n·ing opposed, 
uou·eontactwg uuprrforatt: a111111lar hurfaccs OS 
in such cluse pr•uxilllit\' as to confint' there· 
Jxotwt•en " tihu of fluitl 'thr·ough which tor<jlte 
is t ransmi ttt'tl to the t·esistanL mcmbet• in 
linear proportionnlity to the ;peed of the 
r·()l.ntuUic JH(•mbtor. 70 

~V. The cumbinntion with ~ clo~d ·fluio.l 
contniuing <:using • . of a p~ltndity of sym· 
utetrical i.>Qdics with smO<.tiJ surfnces rotn
tably IIH>untccl then,in, rnenns for tot·
siona11y restraining some of sil itl bodiPs, and 75 
means for 1·otatiug the others, soid bot.lics 
being plot'Ni with their surfaces in such close 
j:>roxmtily to cnclt other and to the walls of 
the cnsing thnt the rotating bodies will cau"'' 
an e,·eu anti Ulhlisturbed' circulnr motion of so 
the fluid anti lrnnsmit torque to the torsion .. 
ully rcstruined bodies in proportion to tho 
speed of the others. 

30. In a speed measuring instrument, the 
combiuution of dri\·iug nnd drh·cn nH·mO(•rs 85 
hu,·iug in uppoSt."tl doscly ndjnCl'lll nou· COII· 
tut:t i ng relation rt' 1:1 t i n.-I,Y t•xt~nsi ,.,. !"JtH><>l h 
friction ·s.,rfaces. nnd nn intcrposctl g<~s('ous 
hody through whirh t.IH! Jridng lllt·mber 
fr ict ioually dntgs tht! .ciri\·en IIU'IUbt•l'. 90 

31. A Cachomt·trr· romp r islng. iu comUi 
natiun , n rotnt:1bly nwurltt•d ~h,-ft. a ,SIIIvutlt 
annular bcxi:Y flxt•d tht•J't.•lo. :t simibr pi,·ott·d 
lxxly, n torslun· spnnl! for th•· l:lttcr. incli
('lttin!! mc:tnS lllo\ a hie with ~aid pi,·ott·d ~)5 
bocJv, and an nir·r.ontainiu:! ra:\iu,e. said 
bodl<"s hadng tht·ir anOu la r sndat'''s in sw·h 
dose., non-rontn<·tiu~ prt,Ximity th:t t tlw in· 
t t'n·cniug nir trnnsmits torqnl' (() t ltt• pi\•ntcJ 
Uod.y in suhstantiall.r li1w;1r prCJpurtion lu 100 
the spt•ed of the rotatable. bvdr. 

32. A tacho111t~tt•r C'tHH[H'isii'~~ in ('ollJijj. 
.n;Jtion. n a·otatably monnt<·•l Rhaft. a prim:1ry 
element carried tlll'n-hy. :1 pi\lllt•tl s~·t·ontb1',\' 
elt•rrwnt, a t<11·siou spring tlt<·n•fo r pt'l'lllit · lOt. 
t in~ i ts Rnj!u):n· clispl:u.Tnwnt suhst :mlinll,r 
in JH'UJ>Ort ioo Co tltt• torqll<'. iudit·atin;.: 
IIIC'!Hl~ OJlt'rah:d I•,\' t Itt• pi \'otc•d t•lt'lll('ll ( and 
gradunt£ld with ~llh:-\t;Htlial uuifonuit.". :md 
n n uiU- cont:tinillJ.,! I':I!'Oiug: do-.t·ly i ll\'t•!-Ot)ng 110 
pnrt of srtid rot:ttiH· ... ,\:-.h'lll. till' "Jitmsrd 
SHJ'fnces o( t lu• t•h•nu•ntl'> hriu:! ~· <'luSt.•ly 

. proximate to (':td• olht•r and Ct1 pa r t of tlcc 
•·a~ing- tha t tlw fluid · ta·:nl~Jai th•d tol'que 
ra nsin;r ch•lh·..ric·n~ or t1H' pinlh•d IJCHI,\' iro:: 115 
suh~tnntinllr prnpurli"ll:th• t" tlw spN•d of 
the primlll'\' t•IC'IIII'IIl. 

In t(lstiuullly u·Jwn·pf I ;.fli.-..: IllY signnture 
11c 1 ht> prtsf•nn· "( 1 wu :--ui1~Tihin!! witnrsses. 

· '\'itnt·~S(·:-. 
Ptf. LA\\ ... 11:'\ 

Tun:o.t.\~ .J 

;q l\OJ.A TESLA. 

f}n:n, 
BTitX F:. 
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Toal~whomitmay~em: 
Be it known that I , NtKOLA Tuu, a cit.i· 

ze.n of the- United States, rtSiding at New 
York, in the county and·Stata of New York, 

5 luwe invented certain new nnd useful I m· 
provements in Frequency Meters, of which 
tho following is a full, clear, and exact de· 
scription. 

In J]la.ny instances in practice it is very 
10 desirable 11nd important to ascertain. the fre· 

quency of periodic currents or electric oscil· 
l3tions and therefrom t he speed of rotation 
or reciprocation of the genemting or con
trolling 3pparatus. 

15 The devices commonly used at present for 
thi.s purpose .and designated "frequency me
ters" generallv consist of reeds or bnrs tuned 
to respond tO ·impulees of definite periods, 
or u direct current dynamo coupled to the 

20 nltem11ting ,;,.-enerntor or frequency controller 
and connected with nn in.otrument, of volt
meter construction, graduated to !indicate 
the instantnneous frequency of the current. 
Both ot these forms are objectionable from 

25 m&ny points of view, being snbject to vari
ous limitations of pra~tical ava1lnbility and 
to disturbing influences, all so well known to 
experts as to -di.s;pe.me wlih the necessity of 
enlarging upon them on this occasion. 

3U My invcntion.hasior it9 object to provide 
n frequency meter of grent accuracy, struc
t ural eimplicitv, wide ranp:e of use, nnd low 
cost, .all adoqtin.te to meet the pressin~ de· 
mand for n. commercial nnd scientifically sat· 

3~ isfactory instrument of improvod form. 
In the drawings, \rberem I h!lve illus

trntcd a·single embodiment of my invention 
for purposes of disclosure,-

Fig. 1 is a. centml vertical section throu;:-h 
40 the frequency meter, with diAj!Mimmatic ex

t ension to indicate nn nvnilnblo mn.nner of 
connecting it ton two-phll&e gcnerntor; 

Fig. 2 is nn end view i 
Fi~. 3 is n. side elevat•on '"ith tho co¥er in 

•~ ~<wti on, and Fig. 4 is n side clevntion of the 
mstrument fl'om its rcr.din~ side. 

n ,.m be understood thnt the specific con
l'trnction of instruments cmbodymg my in
,·cntion m:.y be modified in mnny ways ne-

~o cording to the demands of the electrical or 
mechonical em-ironment in whicl1 it is to be 
used, and while I shall describe in detail n 
specific construction, illustrated in the draw
ing, it is without.intent to limit my inven· 

tion in its broader aspects to mntters of de· 55 
tail. 

5 represents diagrammatically a t wo-phnse 
generator, typifying the machine controlling 
the frequency to be measured, nnd having 
suitable connection by wires ·o with the syn- RO 
chronous-motor element of\ the frequency 
meter, indicated as n whole by T. The motor, 
8, will of oourse hnve field poles nnd nrmn· 
ture bnrs appropri .. te tn the chnmcter of th~ 
current supplied from the _t:enerntnr 5, the 65 
motor bein~ of the split-phase, two-phase, 
o r other type, AS needed. A frame 10, hav-. 
inp; lu1:3 11, or other menns of support, pro
vides n cup-formed shell 12 with n top wa~l 
13 furnished with :. central bearin;:- tube 14 70 
nnt! with suitnble supporting mPans, ns 15, 
for tho stationAry field structure 1G. A ~p 17, , 
screw thront!cd nt 18, nnd suitably pacl<ed, 
hermetically sen Is one side of the mntor ~ns
ing into which tl1e connecting wir~s nrn le<l 75 
t hrough nny suital>le senling uncl in~ulntin::r 
bushings 19. 

For accuracy nnd promptness ot response 
to frcquency-vorintions, the armature struc-
ture 21, liS. a whole, with its a(t.achment8 so 
should be of ¥ery light weight nnd so 
equipped that its work is minimi1.etl: ~enee 
it is important both that t he construction of 
the Brrnaturc element be designed witb ref
erence to smnllncss nnd conseqlient li,~:htness 85 
of parts, un<l thnt its frcquoncy-indicnting 
Cl]lllpoYent he of a. charncter imposing the 
li~:htost lo:HI on the armature. Specifically, 
the arrnnturc lt•minre 22 nrc carried on a 
ligbt disk 23, fixed to the vertical Shl\ft. 2&, 90 
th2t is supported by b:lll bc:lrin::s 25 nod 26, 
in t ube 14, and, :>bove the w:11l 13, ~rries 
the driving member of the indicator device 
28. T his appliance comprises,. as its pri
mary clement, 29, a non-mai(Detic disk 30, 9~ 
of hmss, ~'Yo havin~:. annul n.r sp:1ced,. con
centric wnlls 31, nnd. ns its. sccond~~ry elo
ment, 32, a pivoted part including very 
light, n11nulnr wallli. 33 interlcn\Od w1th tho 
wnlls 31 and nfrordin~ extensive smooth ftic- 100 
tion surfaces, very closel:y ndjaccnt to,. but 
not contncting with, the kindred surfnces o( 
the primary member so tbat through tho 
tbin films of fluid, preferably air, interven-
ing between them, torqoo mny bo transmit. 105 
ted from tbo primary to tho secondary ele
ment in substantially linear· proportion to 
tbespeed oftho primary, Posts 35,rnounted 
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in the top wall of th6 frame, suppo~ ~ 
bl"i•l"e piece 3G tltnt cn,.,.ies n be11ring yoke 
87, ;;'trordi•w upper nn<l lower jewcr bear
ings 38 and 39, the former contnined in a 

6 bushing 40 th~adecl for adjustment in the 
yoke and set bJ n nut 41, such beaci~ re
ceiving the spmdle 42 from which extencls. 
rigidly, the arm 43 carrying tbe annular 
walls of the secondary element. A spir~l 

111 spring 44, fixed nt one end to the sh~ft 42 
nnd nt its ot Iter end clampecl acljustnbly in 

) the split steed 45 on brocl<et 37, permits ro
tary displacecncnt of the scconcl"r.v element, 
substantially in lincnr proportion to tl•e 

16 force applied. A scale 48, printed on or 
otherwise affixed to the outennost ><oll of 
the seeond~ry eJement, is graduotetl in units 
of f requency and its indication pnint is de
termined by a fi~ed pointor 49 that is fl~ed 

20 nt the cclge of a t.rnnsparent se•lo•l "iccclnw 
50 of rho eosin~ shell 51 of r.ccp f.,c·•nnlinn. 
that is secured '" ~<CnlcJ relation tu the wnll 
)~ &S by pn.Cked SCrews r,2 tnn:taill"' hl'SSCS 
63 on the bridge piece :)G ''" to:"com1';lctc the 

2& hennetic entlosure of the l'haml><'r c·ont:~in· 
ing the indicating ~lemMts. Such hc..-oc-tic 
closure is not ne('~ry in mony instantt.s 
but mn y be dtsi ral>lc. 

fn my eorendins: aprlicntion S.·rinl Nn 
so 841.72G file< Mn,l' 2nrh. 1914. Pnttut No 

1,209,3~9 I hal'e srt fCHth in dot:ail ccc·tnin 
ta1rs the ohscr1·ance nf which result!< in At· 
tainment of rigorous propnrtionolit! of de· 
Atdions to spttd in nn "~ir tlra~' in~tru-

3o ment, an<l a ll of such conditions mav he ob· 
served ·to advanta~ in constructinJi the in
dieetion·gi'ving element of the froqucncy 
meter 

I t will be noted thnt an instrument ns 
40 herein described has mcmy stc-ucturol nncl 

oporative advnnlnj!cs.· The translatin~: in
strumeilt, givinf the frequency - rcaclins:. 
when constructe< (or usc of nir as the trAns
mitting medi um, may be o f size to give am-

u pie torque. but if desired the enscalecl mech· 
an iMI mny be optratecl in air or otber,\lrcf· 
ur"bly inc~, gases of rnore than atmosp •eric 
.lensity for incrense of the torque-: 'J'hc nir 
drnc iaastrnmcnt is snhstantinlly uiauiTectcd 

&0 in n<-curncy b.v temperutnrc changes~ with
out sr>e<.·inl compcus;,~in~ mec:·hanism. nn'l is 
therofore prachcally insensible to the h~l· 
in;: cffed of the scchjaL-cnt motor, nntl tlcc 
<Inn hie-cha mber construction S<"grej!alins: the 

.;~ motor and translatin~ dcYice pre\-cnts the 
latter from being ~ffectccl by nir-cnrrcnl, 
cns:endered by the motor-operot;on. Fnr
thcrrnorc, the inclicntor structure may be 
mnclc immune to magnetic influence and 

GO erlrly currents, however intense, by making 
its secondJry element of opproprinte non· 
shrinltoble, insulating m~tcrial, as com· 
prossed fiber, although in man,v inshnees 
the pa~ition 13, acting as a shaeld for the 

U indicator obdat65 the nc>N'SSity for such ~ro-

v•scoo. Th. •mnll site, Jo"' cost and ease of 
maintenance, due to the simplicity of the 
construction n1·e especially desiruble. 

Whnt I clnim is: 
1. In n frequency meter, the comhinntion 10 

of a synchronous motor, 3nd n spced·r~pon
si,·e de,·icei htn'ing a primary elemeut con· 
neeted to t 10 armotnre shaft, and n pi•·oted 
lcll$innally-rcstrained secondary element, de· 
fl~-etable in subetaot.ia.Uy lineer pro~rtion 1 s 
to the speed of the primnry and cuhbrnted 
in terms of electrical frequency. 

2. In a frequency meter, the combination 
of n svnrha'l'lnons motor and a speod·N!Oipon
sh·c cfe•-ice, said motor ha vinF on armature so 
nf li:;ht ronstruction and saiu spoed-respoo
si,·e cle•·icc comprising a. primary element 
cnrrir,l in rotation hy said armature, and 1\ 

torsionally· rc~trnine<l secondnry element, 
rht·~c element~ hn1·in~: extensive confront· 85 
in;,!. cln~h· ndjaft•nt fri(·tinn r;m·fAte,, co
np<•ratin!: ilu·ou::h interposed films of a nuid 
nu•clium fo•· di~plncemrnt of said ~ondary 
rlrmrnt in suhstantially line&T p roportion to 
the •pe••l of rototlon of the primary element. ao 

3. In a frequency rneter, the combination 
n f a syuchronou• motor ancl a Sllfe<l-respon
~i,·~ dt,'ie<', the former hPr\'inf•.: ftn nrmature 
of li;:lot t·onstrnction nne) tht allM' compris-
ing a pricn:~ry ~lemcnt. cnrried in rotation D~ 
!Jv suit! armature. nnd n torsionnlly-re
sfrninNI S&Con<l~ry clement, these el•ments 
ha'l'in~: c••ltn«i l·e confronting, closely adja: 
cent fr iction ~u rfore;, roopcr;,ling through 
interposed films of ~ir for displa~ment of 100 
said secondAry element in subst:>ntially 
linear propo~aon to the speW of rotation of 
tho primary element, said secondary bearing 
• scale enliba'1lted in tenns of frequency. 

4. A frequency meter comprising, in com· 105 
bination, 'n synchronous induction motor, 
hn1·ing o shell c:m-ying the field, and "rotn
tnble ormatnre within the ch~mbcr of s:tid 
shell luving its sJ.nft estcndcd through gajd 
shell; nnd a si>CCd-rc..--ponsh·e Je,·iee. com· 11~ 
prising n closed easing, a non-m~!!nctic pri
cn~ry clement mmmted upnn said nrmntur() 
shoft. n r;epuratch· mounted socondnry ele-· 
mrnt pirotecl arid torsionolly a·cstrilined, 
S:lid clements hn~·ing opposen, closely o~j a. I ll> 
cent non·C()ntnr.lm~ snrfnccs, r-o-operatmg 
throus:h intcrl>nsrd lilms of n nni<l medium 
through ~<hie 1 torque is transmitted In the 
~ond.rx in :l)>prnximotcly ,linear rropor · 
hon to the <pr-.1 of the pnmary member. l%t 
and a vi•iblr «"ale uniformly gratlnatcd ir. 
terms of fre~pcrncy corricd by the scconJ -
arv member. 

5 . . A fretlnenry rnrter compriSinj! n sealed, 
air-contnitung C'nsing di\·itlerl into tn·o com- l~S 
portmcnts, o shu ft extending into botl1 com
parlm~nts,, •ynrhronous motor in ono com-: 
partment ••hptcd to Jri,·e sai<l shnft and :1n 
mclicuting clel"ice in the other, •nid device 
~a ring o primary rol.:lt•l..io clement coo- ·130. 
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~ccted with the shaft, a separately mounted, 
indication-controlling element and a spring 
rcstrn.ining the latter, said elements having 
extcnsh·e, confronting, cloJ;ely adjacent, non-

~ contacting surfaces cooperating through the 
interposed nir films for displncement of the 
secondary, nt nil ordin:1ry tempern.turos, ap
proximately in linear proportion to the 
speed of the primary element -

10 G. In a frequency meter. the comhination 
of a synchronous motor having an a-rma
ture of light construction, a speed-respon
si ve de\'ice comprising a primary element 
carried in rotation bv the said armature 

IS and a torsionnlly-rcsti·aincd seeondary cle· 
nwnt., said clements havintr extensive con
frontin;: closely adjacent friction surfaces 
coopcmtin~ t hrough interposed films ·of air 
for displacement of said secondary element 

20 in substantially linear proportion to the 
sp.,ed of rotation of the promnry element, 
uml a wall interposed nctween the nrmnture 
of the motor and the spced- rcsponsi,·e device 
fnr shielding the latter from air disturb· 

25 ante caused by rotation of the former. . 
7. A frequency noetcr comprising a casing 

di,·icled into two compartments. a shaft ex
tending into both thereo f, " synchronous 
motor on one compartment adapted to drive 

JO saicl shaft and a spced-responsovc device in 
tloe othe•· havin_g a primary element con
nected for rot3tJon w1th soud shnft, n sepn· 
rately mounted, torsionnlly-rcstrn.inec.l indi
cating element, said clements h:lving exten-

a6 ;ive confronting, closely adjacent, non-con
tacting surfaces cooperating through inter-

• 

a 

posed ~seOtLS films tor c.lispbcement of tho 
!;Ccondnry, uppr"oximatelv in linear' propor
tion to the speed of the primary clement. 

8. In n. frequency meter, the comhinntion tO 
of u synchronous motor. nne! a speccl-respon
si,·e device, s:~id motor hnvin:=: a Jig'ht nrmn· 
ture and :1 shnft, and said speed rcspnnsi ,·o 
device comprising a primnrv element of non
mR~nctic material c.~rried 'bv the 3rmature 45 
shaft and n torsionally-restrained seconclnrv 
element, these elements lnwin~: e~tensiYc 
confronting, closely ncljncent, non-contact
in:: sou·fuccs cooporating through interposed 
Hlms of 3 Ouicl medium for displacement of 50 
the sccond:ory element in arpro~imntely 
linea r proportion to the spec< of the pri
mary element, anti a rontainin~ structuro 
cnscaling the speed responsive de,·ice. 

9. In n frequency meter, t he combination 65 
uf a synchronous motor hnving an armature 
of li;;l•t construction, n speed-responsive clc
vi<·c comprising a 'primary clement carried 
in rotation hv the s:tid nrnlnturc 3lld 3 tor
'ionnlly-restiaincd secondary, clement,, s.~id 60 
('lcmcnts h:n·ing extensive confronting, 
closely adjacent friction surfaces coopcrnt· 
in:-: through interposed films of nir for dis
placement of s.<tid sccondno-y clement in sub· 
st:~ntiully linear proportion to the speed of c:. 
rotation of the primnry clement. and rncnns 
interposed between the armature of tho 
motor ami the spceu-rcsponsn·e device for 
sh ielding the Iutter from air disturbance 
caused hy rotation of t.he former. 1r 

In testimony whereof I affix my signature. 
NIKOLA 'l'ESLA . 
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To aU wlwm it may concern: 
Be it known that I, NtKOLA TESLA, a citi

ren of the United States, residing at Now 
York, in the r.ounty and State of New York, 

G have invented certain new and useful Im
provements in Speed-Indicators, of which 
the followin~ is n full, clear, and exact de
scription. 

Among the desiderata of spaedometer con-
tO struction are these: that the torque exerted 

upon the. secondary, or indic.~tion-giving, 
element shall be linear ly proportional to the 
speed of the primary member rather than 
to the square of the speed (as instanced in 

IG centrifugal speedometers) ; that the tor· 
sional effect at low speeds shall be strong 
and steady so that particular delicacy of 
construction may not be n~nry and that 
minute causes of theoretical errors (such as 

20 bearing-frictoon, spring-inequalities and the 
like) may be neglijliblo in effect; that the 
torque mBy be substantially unaffected by 
changes of extraneous conditions, as of tem
perature, atmospheric density and m~gnetic 

20 mfluenct'; that the instr-ument be inherently 
dead-beat ancl relatively insensible to me
chanical vibration; and that ruggedness, 
simplicity and eoonomy, for attendant dura
bility, manufacturing facility and low cost, 

so be attained. My present speedometer real
izes these advantages and provides, also, an 
appliance that is suitable for grcat, as well' 
as very smnll, velocities, exaet in its read
ings uniformly g;a.duatod as to scale, and 

n unaffected by clisnges of temperature or 
pressure within ss well as without. 

I n my Patent No. 1,200,359, dated Docem
ber 19, 1916, I have described " new type 
of speed measuring instrument wherein the 

10 adhesion and viscosity of n ~us mediwn, 
preferably air, is utilized for torque-trans· 
mis<tion from a primary driving to a second
ary pivoted and torsionally restrained mem
ber under conditions such that tho .rotary 

U efl'ort exerted upon the latter is iin&Brly pro
portional to the rnte of rotation of Lhe for
mer . The principles of that invention find 
place in my present construction. Such "air 
drag" s~ometers have been found capable 

~o of meeting satisfactorily the commercial re
quirements fn~ both large and emru! instru-

ments respectively adapted to measure rela· 
tively high and low speeds, but nevertheless 
it is ·true that although such instruro~.nta, 
when.,bullt for high-speed indication, may 6~ 
be of sturdy con~tructwn, -they must, when 
designed for low-speed . measurement, be 
bui~t with gren.t _precision and delicacy. 
This because the inertia of the secondary 
element must be kept extremely :;mall for oo 
desirable _promptness of response to very 
slow startmg •P.ee?s and consequent feeble
ness of the t urnmg efl'ort. In ~orne in
stances, therefore, it is highly desirable to 
employ a transmitting medmm· giving a 60 
much greater torque than air with concomi
tant extension of the low-h<llge of accurate 
speed reading, quickness of response, prac
tJcable decrease of size of parts und lessen
ing of sensiti\•encss tO disturbances such as 70 
vibration of the instrument as u whole. 

All of the ~t.ated objects I accomplish by 
Rmploying as the torque-transmitting ln<>
dium between the drivinl! and drive'o ele
ments a body of suital.Jle hquid, (e. g., mer- 76 
cury) under conditions (as set forth in my 
prior npplication referred to) proper to 
secure hnear proportionality of deflections, 
and, further, by making provision nutmnati. 
cally to compensnte for the changes in the so 
viscosity of the liquid that accompany varia
tions of temperature:: The latter equipment 
is unnecessary in my ai r-d~ speedometer, 
but mercury and other liquids of relatively 
great density that mi)::bt be employed for Gb 
my present purposes have not the quality 
of appro.xim:ote self-compensation for tem
perature changes· that in)leres in nir , owing 
to the fact thet the viscosity of such a liquid 
decreases re.pidly as its temperature nses, GJ 
and so to a 6UCOOSSful "mercury-drng" in
stl1ll!lent temperature compensation is req· 
ui.site. 

The und.erlying ideas of tl)is invention 
cnn be carried out in various ways and are 06 
capable of many vnluable uses, but for pur
poses of disclosure, specific reference to a 
form of speed indicator designed for use on 
e.n automobile is ndequate. 

As in the structure described in my stated 10~ 
prior :1pplication, I provide driving and 
driven o.~~ with crrn~.rontir.g, closely .. 



adjacent, non-contacting, smooth, nnnular 
friction surfao.es, oo-acting for transmission 
of torque through the viScosity and ~dbesion 
of interposed thin films of a suitable me-

5 dium-in this case mercury-under condi
tions to prevent free cxchan~ of fluid acting 
on the system! to prevent Its loca I circula
tion nnd eddymg, to maintain its flow calm 
and non-turbulent, and to secure as low ve-

10 locity of t~e medium with respect to the 
system ·a8 the circumstnnces of the cnse may 
make desirable. These conditions all ~id in 
the attainment of rigorous linear propor
tionality of deflect ion of the secondary to 

\6 the speed of rotation of the primary element 
under given temperature ~onditions. Addi
tionall~, by suitable construction I make it 
possible to obtain-<> nearly perfect compen· 
sation for tempe•·ature chanjleS so thnt the 

20 dellections may be rigorous1y proportiontUe 
to speed within limits of temperature varin
tion wider thun I believe likely to occu•· in 
the practical use of the instrnmenL I at
tain this com~nsator_v result b_v providing 

26 thermo-respons•ve means to vary tho etrec
t ivo area of the secondary element upon 
which the mf.dium nets in approximately 
inverse proportion to temperature-effected 
changes of viscosit_v of the medium, and as 

so a preferred· speci6c means to this end. I 
dispose a body of the liquid beyond, but 
communicating with, the active portion of 
the liquid medium and of such quantity 

. that, in effectively the same measure as vis-
16 cosit.v and, consequently, t he torque is di

minished or increased with . temperature 
changes, the uctive liquid-contacting area of 
the secondary member is enlar~ or reduced 
ow in~: to the expansion or contraction of tbe 

40 fluid. 
I n the dra.o ing Figure 1 is a top view of 

a spoedometer ~ 
I•'ig. 2 is a central vertical section there

through; 
4 $ Fig. 3 shows a spring adjusting arrange-

ment; and · 
Fig. 4 and Fig. 5 are diagram,s explano.

tory of the compeo.s&ting princi pie. 
In Fig. 4 the primary or driving member 

SO is a cup 10 carried by a freely rotatable ver
tical shaft 11. Within it the cylinder
formed secondary m~ber 12 iS mounted on 
a spindle IS, journalec1 in jewels 14 and 15 
of negliwble friction, f<1r pivotal displaee-

·55 ment agai nst the restrnint of a spiral spring 
16, connected at its ends respectively to 
fi.ted support l7 and spindle-collar 18; so 
that by p•votal displacement. of the second
ary cylinder ~inst the resisting spring 

60 tension , the tor.;ional effort oxerted on the 
secondary member may oo measured. The 
sprinw is such that its displacement~; ere 
hne3rly proportionate to the force applied. 
Th.:l.lower portion 19, of the cup-chamber is 
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a reservoir filled ' ' ith the liquid, 20, a• mer- 65 
cury, and the liquid normally extends part 
way up the very narrow interspace 21 be
tween the two elements to contact with lelT 
than the. whole of their confronting friction 
surfaces. With mercury as the medium, in 70 
an insttument with a secondary cup of one 
inch diameter I find an interspace-widtli of 
0.05 inch to be satisfactory. 

It will now be seen that when shaft 11 is 
rotated the mercury in the cup is entrained 7~ 
11nd in turn produces a drag upon tile 
pivoted member 12, the torsional effort beihg 
directly propo.rtionnte . to t he aetive area, 
viscosity of the fluid and the speed of rota
tion and, inversely, to the width of the inter- 80 
space 21 or diatanoo between the rotated and 
pivoted surfaces. If t> be coefficient of vis
cosity, A the active area, s the speed and d 
the distance between tho/ uxtaposed rotating 
and pivoted surfllces, u I of the quantities es 
hein~ e.tpressed in proper units, then tho 
twistmg force · 

vAs F-4 dynce. 
. 90 

When, through changes in tho external con
ditions or work performed on the fluid, the 
temperature of the same is raised, two ef
fects, separate and distinct, are produced. 
In the first place, the visc06ity is diminished o~ 
according to a certain low, requcing corre
spondinglv the torque, on the other hand, 
the 8uid expands thereby enlarging tho 
areas of the active, or liquid- contracting, 
surfaces of the elements with an attendnnt 100 
il.~rcase of rotary efi'ort. Obviously, then, if 
it is possible so to relate these nctions that 
they mutually annul each other upon any 
change of temperature, a complete compen
sation may be obtained. This result, I 10$ 
have ascertained, can oo almost perfectly 
realized with a liquid, as mercury, by prop. 
erly proportioning the volume of the chnm
ber-contained, or compensating, component 
20< Of the liquid and the oomponent 20' of 11 p 
the liquid in the inter.;pace 21. With a. view 
to simplifying this explanation, be it sup
posed that the force F is wholly due to the 
liquid component 20' {the drag exerted on 
tho bottom face of cylinder 12 being assumed 115 
to be negligible ond tha bearings to he fric
tionless). It will he evident tnnt under these 
r.onditii:ms the active n~'l will increase as 
t he volume of the ll uid. Perfect compensn-
tion would require that upon tl r ise cf tom- 12;) 
perature, the acti V(l area, and therefore the 
torsional effort, oo augmMted in the san1o 
ratio as viscosity is diminished. In other 
words, the percentage of decrease o( ,-is
cosily divid~.d hy th .. t · of increase of ~~ lZ) 
should bo the same for all temperatures. 
Attention is callod to the table holow show-
ing thnt, with wctcury 116 t he medium, tb• 
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10 

20 

value of this {ra.ction at ordinary tempera
tures is about. or not far from. 20. 

IT~~ v ...... v_,., ........ _ p.....,_ 
V-ol ::.c. or thlkl. of ftatd. 

.,...._ ........... ,...,_ 
ol v. "' .. 

v b • T • • -• 
-20 ........ O.OlUCIS - 0.3030 - 1.21l8 Zl.71 
-IS o.tf7m O.OIIMR -0.21%7 -6.lln9 :n.:ra, 
-10 0. lUI£:! 0,017681 -o. ttt8 - 4.(1074 ..... -· o.m»t O.Oif3.M -o.<Q'll -1.912:1 21. 7tl 

0 1,000000 o.or7c-.~ 0 0 ,1, 31 

• ........ O.Oloe63 •. """' 1. 9107 21.tD 
10 I.OOIIUI O. Ut6301 0. 1818 3.7603 ... .. 
IS 1.002121 O.OUI06T o.zm ....... """' .. ........ 0,0167&1 o.~ 7.2701 "'-"' ... ......... t.Otl4n ...... ...... lt.70 

"' ......... 0.015* o ..... 10.$1'~ ..... .. ......... o.oum ··- 12:.1410 , .. ., ... t. fl0'7711 0.0it6a0 Cl Tl7S 111470 ... ,. .. l ,Q)IIIJ a. cum O.IIA$ U . l(l"ll ..... .. ··- O.OHIN .. .,.. l$.50'13 ... .. 
This means to say lh3t if the totel volume 

of the liquid is twenty times that cont.nined 
in tho interspace between the elements the 
two opposite caoets, one increasing ana tho 

26 other· reducing, the torque1 will sppro:a:i
mately balance. This fact IS borne out by 
pract1cal tests and measurements, which 
ha,·e demonstrated that by constructing for 
this volumetric ratio deflections very closely 

ao p1·oportio{late to the speed are obtained 
through a range of temr.erature variations 
fur grenter than ordinnnly occurring. For 
commercial purposes it is quite sui!ic;cnt to 

-' employ a ratio of approximately the staled 
~6 v3lue as the error mvolvcd in n small de

parture therefrom is inconsiderable. When 
• neccsaary or ifesi,.,.ble, greater precision can 

be obtained by talcing into account four sec
ondary effects, due to e~pansion or contrae-

' o tion of the walls, whicl1 slightly modify tho 
torque; first, changes in the '"olume of the 
rescr\'Oir; second, in the distance between 
the opposed surfaces; third. in ncli,·e nrea 
and, fourth, in velocity. Increase in the 

45 former two tend to diminish, the latter to 
au11ment, tho viscous drag. A satisfaclorv 
rat1o in a cylindrical type of i~tstrument 
hns been found to be about 24. 

Fig. 6 illu~u·ates a different arrnngcmcnt, 
60 cXclll.plifying tbo same principle of employ

ing a rcscrvoir·contained liquill body ns tho 
thermo-responsive mc:ms to compenS3te for 
,·iseosity cl1anges of the active liquid. In 
this case a spindle-carried di'k 12' serves as 

5$ n secondary element, ·while the primary 
member consim of r. hollow shell 10' with 
annular surfaces 23 confronting tho disk 
~urfnces and encompnssed by an annular 
chamber 20', so that under rotation the mei--

60 t:llry body nlls the chamber and occupies 

l>el·lpheral portions of the interspaccs 2f 
let ween tho flat confronting surfn<'e•. It 
is lonrdly necessary to remark that since 
the1-o are two such interspaces 21, the cal-

culation of capacity of the reservoir or 66 
chamber 20', beside considering tho form of 
tl1e device, must take account of the active 
mrreurv body in both intersp:.ces. 

In Flgs. 1 to 3 r. romplete commercial in
btrument embodying my invention is shown. 70 
Specifically, 25 1s a tube threaded at 26 and 
carrying at the top a casing hr.ad 27 lhe 
whole forming a housinj!' for mclosure of the 
mo,•in,:: parts. The drh·ing shaft 28 carries 
11 cylindrical cup 29 in the bottom of which 76 
is I!Crewed a .pfug .30, tumed down us 31 for 
the purpose of providin~ the reservoir 82. 
'rho cup 29 is closed at 1ts upper end by a 
tij(ht fitting cover 33, h3ving an upwardly 
e.~tcnding shank 34, carrying a pinion 85 to 80 
drive suitnblc wheel work 36 of the odometer 
contained in the _lower parl. of the head 27. 
This structure, providinl!' the primary ele
Dicnt, is rotatable in ball-bearings 37 aDd 88 
fixed in tube 25 and adjust3ble by means of 16 
nuts 39. 
Th~ sccondarv element is maae of a very 

thin metal cup 40, inverted and secured to 
slender spindle 41 mounted in jeweled bear· 
ings 42 Knd 43, respectively carried in a eo 
cavity of plu,:: 30 and by· a frame arm 43'. 
A runninj! bc.uing 42 can usually be em
ployed without detriment, but a fixed be&r
lllg mny be used if desired. The weight of 
the secondary member with its movable at- u 
tncluncnts should be so determined that tho 
UI_)Wnrd thrust ttgainst jewel 43 is very • 
shj!ht. The torsional t'vist of secondary cup 
40 is resisted by a spiral spring 44 lodged 
in o. turned recess of a frame pfate 45, hav- 100 
in,:: one of its ends connected to co11ar 46 
fast on the spi,ndle 41 and the other to a 
split ring 47 spring-gripping. the wall of 
the' recess in plate 45. By inserting pincers 
in holes48 (Fig. S) and contracting the r ing 106 
it is fn.-ed sufficiently for adjustment to 
bring the spindle-carried indicator 49 to 
P?int to zero of the graduated scale 50 that, 
1f all of the principles of my invention are 
best embodied, m11y be made uniformly no 
,::raduntcd. The scale is carried on plate 
46 and, together with the support 48', is 
held in place by n rim 53 that suitably car-
ries tho glass cover 52. The odometer mny 
hn,·c nny suitablo number of indicating ele- 116 
mcnls of different orders snitably geared, 
tho two hands 54 and 55 · sweepipg over · 
graduated dials 56 and 57, typifymg any 
suitable construction. · 

It will be apparent that the bjgh torque 120 
at low speed developed through the mer
curial transmitting medium m&kes the in
strument very efl'ectivo as one for uso on 
automobiles, and while it is true that with 
n heavy fluid, as mercury;the range of T&- 12' 
locity of the medium throughout which prO
portlonnlity of torque to speed, under the 
drscribcd conditions, is . ·rigorously linear 
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falls below the range avejlablo where air is 
the medium a constructton presenting the 
Criction surfaces of the elements in a cylin· 
der-Comt as ·Suggested in Figs. 2 and 4 per-

5 mils of the use of a suitably constructed de
vico with a small-diameter secondary to 
measure very high speeds without imparting 
to the medium a linear velocity beyond its 
stated range.. For the su~ful use of 

10 me.rcury in the present descrtbed instrumCJlt 
{or other rotary devices) it is important 
that the mercury be pure, the surf11.ces con
tacting therewith smooth, clean and non· 
granular (preferably nickel-plated or made 

15 ol non-corrosive, high grade steel) to mini· 
rnizc abrasion nnd keep tho- mercury clean, 
and that tho linear velocity of the mercury 
be kept low, preferably below six feet per 
second, in order that it may not break up into 

20 minute droplets or apparently-powdered 
Corm. 

What I claim is: 
I. In combination, driving and driven ele

ments, baving opposed, Closely-adjacent, 
25 non-contacting fnction surla<:es; a liquid 

body interposed between nctive areas thereof 
through which the driving element fric
tionally drags the driven one and thormo
rcsponsivo means for varying the activo 

so ore~> of the secondary in approximately in· 
verse proportion to the thermo-effected va
riations in viscosity ol the liquid. 

2. "I n a temperature-oompensating speed 
indicator, the combination of vari~>bTe speed 

ss primary and movement-restrained seoonauy 
elements that are suitably supported for 
sepu11te movement and ha.ve opposed fric
t ion surfaces in close but non-contacting 
juxtaposition; en interposed liquid bOdy 

4 0 contacting normally with active areas of 
said surfaces less than thll wholo thereof, 
and thermo-responsive muns for varying 
the liquid-contacting areas of said elements 
approximately inversely to tho · thermo-' s effected variations of liquid viscosity. 

S. In a temperature-«>mpensating speed 
indicator, the combinntion of variable r.>eed 
primary and movement-restrained seconaary 
elementa· that are suitably supported for 

60 separate movement and have opposed closely
adjacent non-contacting frictton surfaces; 
an interpO&:Xl liquid bOdy end thermo-re 

38* 

spoosive meana for varying the active areas 
of said 8\lrfaces in predetermined rropor
tion to thermally-effecU!d ch&n~ o liquid ss 
viscosity. 

4. In a tcmperature-compensnting speed 
indicator, tho combination of variable speed 
primary and movement-restrained secondary 
elements that are suitably supported !or 60 
separate movement and ha vo opposed 
closely-adjacent non-contacting friction sur
faces; a hquid bodyjartially filling the in
terspace between sai surfaces, :u~d thermo
responsive means for varying tho liquid 65 
quantity within in said intersp11ce in pre· 
detennmod inverse ratio to tbermo-ellected 
changes of liquid viscosity. 

5. The combination with driving and 
driven elements bavinr; opposed, closely- 70 
adjacent., non-contacting frtction surfuces 
and an interposed liqutd body contacting 
with activo portions thereof, of a compen· 
satin8 liquid body communication with the 
said mterposod or active one, and propor· 75 
tioned to vary the effective contact area of 
the activo (jquid approximately inversely 
to its tempera.turo-etrecU!d viscostty changes. 

G. Tbe combination with !rooly movable 
driving and movement-resisted driven ele- so 
ments, hl\ving friction surfaces in opposed 
closely-adjacent non-contacting relation, of 
ntCllns providing a reservoir, communicat
ing with tho interspnco between said ele· 
ments, and a liquid body having a t-cservoir- as 
filling component and an activo torque
transmiUing com~nent tba.t normally, 
partly occupies satd intaspace, these com
ponenta proportioned volumetrically for 
temperatu~ffoctod change of tbe cont.ct 90 
area of tbo . activo component in approxi
mately inverse rntio to the attendant 
cbllngcs of liquid viscosity. 

7. In a temperature-cornpen.sating speed 
mdicator ' tho combination of a freely rota- 95 
tablo cylindrical cup; a cylinder-formed 
member in the upper portion thereof, 
pivoted I.Dd tfi~!og-restrained; and a body 
of mercury · g the reservoir-portion of 
tbo cup bilow the pivoted member I.Dd ex- l OG 
tending partially in the narrow intorspac& 
between the Cl!p aDd c[linder. 

In lelltit:nony wherco I o.llix my signature. 
NIKOLA TESLA. 
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1o all tD~ it may concem: 
Be it known that I, N'moLA TF.st.A, a citi· 

zen of the UnitAl<! States, residing at New 
York, in the county and Sta~ of New York, 

6 h ave inTented certain new and useful Im· 
provcmenta in Ships' Logs, of which. the 
following is a f ull, clear, and exaet descrip
tion. 

My invention provides a ship's log of 
10 novel and ndvantageous construction and 

operation, designed to gi •·e instantaneous 
rate-readings, as in knots, or miles per hour. 
The customary log is trailed nstem, twisting 
the flexible connector that drives a rovolu-

16 tion-oountc1· on tl111 vessel, and many dis
ndvant.nges of such arrangement are obvious. 

In my instrument I combine very advan
tageously a proM)ler rotatable p~po~ion
ntely to vcssel-sPOOd and a. speeii md1cator 

20 dr iven by it ana reading directly in the de
sired terDJS, preferably upon n. substantially 
uniformly-grnduated scale. 

In the drnwings, Fjgure 1 di!lgrams the 
log_ in use· 

u ' Fig. 2 shows it in vertical section; 
Fig. S illustrates speed-indicator parts 

with the casing broken n'l\•ay; 
Fig. 4 is n section on line 4-4 ·of Fi_g. S; 
Fig. 5 is a section on line 5--5 of Fig. 2. 

30 Fig. 6 shows in section 11 turbine fonn 'of 
pt'()peller1 and 

Fig. 7 IS a section on line 7-7 of Fig. G. 
To the vessellO, preferably near ita !low, 

is suitably affixed a. tube or barrel, 11, with. 
u a. threaded plug 12 closing its lower end, 

where tho tube ~referably dips below the 
level of the boats keel. At the top-ncar 
the deck or other point of observntion-the 
speed-indicntor 13 is mounted, its c.~sing 14, 

10 thnt carries all of the moving parts being 
detachably secured, as by screws 15, to the 
top-flange 16 of . tho barrel. -A boss 17 on 
the underside of casing 14 supports tJ1e balJ 
bearine 18 for tho pnma'¥ element of tho 

45 indicator and a seal19 for 1ta flexible dri,·c
sb:t.ft 20 that connects prifcrnhly through u 
slip-joint squared union, 21, to 11 propeller· 
drnen part. Tbe propeller may be of com
mon form u shown in Fig. 2, at 22, with its 

so shaft 23 borizontaJly mounted in the bracket 
24 spanning the tubular p assage 25 of 11 
bousmg 26 that fi ts neatly m the barrel and 
is held in re~r with porta 27 and 28 by 
guid&-rihs 29. Sueh 11 propeller drives the 

65 shaft 20 through bevel geazs 80. 

Mo;e l\dvantageously in some respects, 
however, a turbine propeller of simple oon
struction ma.y be employ~, as. ~own in 
F1gs. 6 and 7. The rotor m this IDStance 
hns n vertical shaft 28' and the wheel 22' eo 
is formed of thin, paraJlel, closely-spaced 
disks e_ach h'llving ~ centra_l o~ing. ':file 
wheel 1s arrangect m a · cylmdrie~~l housmg 
2G' th~t has inlet nozzles 31 and ouLlet porta 
82 so disposed th11t the water enters the in- 06 
tcrspaccs between the (lisks tangentially to 
rotate tJ1e wheel and finds esea~ through 
the porta 8'2 t hat communicate w1th the cen
trnl orifices of the disks. This type of 
constructiOn hn.s muny a.dvanta&'CS due t.o ita 70 
reliability nnd nfliciency, but prefcrabl:v it 
should be r.onstructed to permit the d'isk>l 
nn_d c.,sing ~ be readi.ly cleaned,5asing 211' 
bemg made m two horizontal scet1ons bOlted 
to{!etl1cr ns at 33, oach section h~Lving a de- 76 
tnchnblo head 34. 

A flexible and longitudinally clastic 
sleeve, 35, of coiled strip metal is fastened 
nt opposite ends by threaded caps 86 and 
37 to the boss 17 and to a threaded part on so 
the pl'Opclller casing, so that the propollar 
mochomsm is supported from the md1e3tor 
cnsing for removal therewith. 

By suitably constructing the submerged 
pnr:ts of bronze, enameling tbem1 or other- ss 
wise making them 'SIIbstaotiallv tmmune to 
corrosion, adequate durability' is attained, 
nnd tl1o fadlity of removal for cleaning, 
oiling, rep~irs, etc., makes the under·••ater 
pnrta easy to maintain' in good order. The o~ 
pliant shl\ft, slip-connMted at one end. and 
1Lq stout protective sleeve, strong yet 6exiblo 
nnd extensibl" frees tJ1e bearings lrom strain 
nncl makes the connection uniformly ofli
cicnt under changes of conditions' n.s t.o 06 
tcmpen;tnre. etc. 

Tho speed indicator 13 preferably pro· · 
vidcs ns ita primary element 41 11 multiplu· 
walled cup,· fn.st on shaft 20, and as 11 
seconclnry, or inrliCAtion-¢ving, member 1\ 100 
lightly-<:Onstrueted pivoted. multiple-wnlled 
im·ert:ad cup structure 42, with the nnnul:1r 
walls intcrlcnved in closely :~djaccnt non
oontneting l'elation for trnnsmiss1on of turn-
ing effort from the one to the other through ! OJ 
intorvoning films of the cnsing-contained 
fluid medium, as air, in al_lpronmately linear 
proportion to the speed of the primary. 
SpeCifically the. secondary cups Ill'$ de
pendent from a.n arm 43 projecting from lit 
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. . 
spindle. 44, having jew~! bearings in yoke 
45 cnrr•ed by brldge·ptece, 46, that spans 
the casing 14, and the diq.l 47, ·calibrated 
according to a suita.ble constant to read in 

6 knots, or miles per hour or other units of 
rate, is borne by the cup-structure below a 
fixed hand 48 visible through tho sealed 
cov~r-gla.ss 49. · A coiled spring 50, con
nected at its ends respectively to tho pivoted 

10 secondary element and to a fixed support, re
sists the J?ivotal displacement of the indi
cation-gi\•mg member. The light secondary 
~lement, qutckly and accurately responsive 
npproximately directly proportiono.tely to 

16 the speed of tho propeller-driven primary 
1nember, and little adi'ect.ed by tremors, tem· 
perature chamges nnd other extmneous in
fiuenees, gi,·es adequately accurate roadini(S 
in t.hedestred terms, showing inst..ntaneously 
chnnges of the vassal's speed . . 20 

What I ·claim is: 
1. In ship's Jog, a barrel having water 

flow openings. near its bottom, a speed-in: 
dicntor detnchubly secured to ono ond of tho 

2s bara'<'l, n flexible shaft for ·Lhe spew-indi
cator, n propeller connected to the shaft
end, n housing for the propeller, registering 
with the wutcr-flow openin~s, nnd u sleeve 
surrounding the shaft unitmg the housing 

so and casing, for ·extraction of the propeller· 
purts when the speed-indicator is removed 
from the barrel. . 

2. In a ship's log, a barrel, a speed in
dicator having a casing secured detachably 

S6 to the upper or obsorvatlQJl end of the barrel, 

a propeller having a housing nnd adapted 
to pa.ss through the barrel, a flexible shaft 
slip-fitted to connect the propeller and speed 
indicator, and ~ flexible sleeve connecting 
the propeller-housing and indicator-casing. 40 

3. In a ship's Jog, the combination of a 
barrel having waterflow openings near it.. 
bottom, a speed indicator having a casing 
detachably secured to one end of the barrer, 
a shaft for said speed indicator extending 45 
oontrnlly through the barrel, n propeller for 
the •hnft end n housing f.or the propeller, 
snid hoaising b.;ing smaller than the barrel, 
und n sleeve sur rounding the shaft· uniting 
said l>ousing nnd said indicator cnsing for 5~ 
effecting extraction of tho propeller parts 
when tf1e speed indicator is removed from 
the barrel, 

4. In a ship's Jo~, n barrel a. speed indi
cator having a ca.smg sccurod detachably to 6~ 
tho upper end of the barrel, a propeller hnv
ing a housing and adapted to pass through 
the barrel, there being regist<~l'ing O)'l<-n. 
in~ ncar the ])ottom of 1-he barrel nml in 
sa1d ho\ising for wnter-tlow t.o the propcllr•r, GO 
n flexible shllft connecting snicll'ro~ller and 
speed indicator and malnnS!' axaall\' slirlnblo 
connection with one thereof, nnd ·a flexible 
nnd axially CXJ?ansible sleeve connecting the 
propeller housmg and tho indicator casing 86 
for extraction of the propeller -parts when 
t-he sPeed indicator is removed from the 
b~reL . 

In testimony whereof I nffix my si~atur_e. 
NIKOLA TESLA.· 

• 
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To all whom it may conc.m1-: 
Be it known thnt I , NtKOLA Tr.su, a 

citizen of the United States,_ rcsidirtg at 
New York, in the county and State of New 

& York, have invented certain new and use
ful Improvements in Flow-Meters, of which 
the following is a full, clear, and exact de
scription. 

lily invention rela'tes to meters for mens-
10 m-ement of velocity or quantity of Ouid 

flow. Ita chief object is to provrdo a no,·el 
structure, simple, inexpensil·e nnd efficient, 
directly npplicable to a conduit throu_gh 
which the fluid flows, and nn-nnged to !>1vo 

16 instantaneous readings in terms of veloc1ty, 
or quantity. 

In t he drnwings I bave shown a sin ... le 
embodiment of my invention in desirnble 
form, and therein-

20 Figure 1 is a central, vertical section 
showm~ the device in use; 
. Fig. 2 is a. plan det:ail of. the indicati~g 
mstrom~nt ..-1th parts m section; 

Fi{:. 3 is a honrontol section on line 3--3 
of F1g. 11 and 

Fi~. 4 IS an enlar~ed section on line 4-4 
of F1g. 1. 

Assuming that the flow of liquid 10 
through & main 11 is to be measured ns in 
gallons per hour, or feet per second, the 
main is tapped as at 12 nnd into the t hreaded 
orifi~ is :;crowed the body-castinlZ of the 
flow-meter 13. T his c:Mting has o threaded 
l<aist 14, centrally aperture<! to receive the 
bear ing bushing 15, the upper portion of 
the casting bein~ formed as a shell 16 for 
incasing the indicating mechanism, nnd its 
lower portion prolonged as a tube 17, tcr
minatin~t in a head 18 to receive the flow
driven element. The latter , I prefer, shall 
be a turbine of the type commonly identified 
bv mv name. Illustrating simply its essen
tial elements, the rotor, 19, is made up 
of centrally apertured parallel disks 20, 
closely spaced and mounted on a shaft, 21, 
extending through a shell 22 confined with
in the head 18 above the plug 23 that closes 
the bottom of the head and carries an ad
justable step-bearing screw· 24. Inlet noz
zles 25, tn the wall of head 18, direct the 
liquid to the disks tangentially to set the 
latter in rotation and the water finds es
cape throup:h the outlet passa~ 26 of t he 
shell 22 and ports 27 of the head 18. Pref
erubly the length of tube 17 should bo such 

as to di~o the turbine rotor approxi
matP.ly at the center of the main, and of 
cou1-se the turbine will rotate at a rnte lin· 
early proportional to the velocity of the 
ftuid at that point, according to a practi- eo 
colly-determined constant. 

Turbine shaft 21 connect4 with shaft 30 
of the indicator, that preferably is of mini· 
mal diameter for the work to 'be done and 
that passes through the long bushing 15 for e& 
direct connection with the indicator 31. The 
primary element, 32, of this indicator, di
rectly .~ounted on sai~ shaft 30, preferably 
compr1scs a cup havmg mult•ple vertical 
.walls 33 in concentric arrangement, these be- 70 
ing interJea,·cd with inverted cup walls 34 
of & secondary element 35, that is pivoted 
and torsionally restrained and that bears a. 
movable element of the reading · scale. 
Specifically, the secondary element may hnvo 76 
its inverted cup walls made of very thin 
aluminum mounted on arm 36, aJlh:ed to the • 
spindle 37 that runs in jewel bearings car
ned by n yoke 38, supported on a bridge 
piece 39 spanning the casing 16. A coiled 80 
spring 40, nt one end fast to the spindle 37 
nnd 1ts other end adjus!Ably secured in 
split stud 41, on bracket 38, resists displnoe
ment of the secondary element which carries 
on its top a. reading scale 43, graduated in 85 
terms of gallons per hour, feet per minute, 
or other units of measurement. This dint 
moves below the stationary pointer 44 that 
is visible through the sight-glass ~5. carried 
by the co,·er cap 4G and tightly sealed. By 90 
constructing t he indicator in accordance 
"·ith lrinciplcs fully explained in my Pot-
ent No. 1,209,350 the pnmory element, net-
in~ throu!Jh the viscous or odhesi,·e prop· 
erties of air or other fluid medium filling 96 
the casing, is caused to displace the scalc
beoring member against the tension of its 
spring substantially in linear proportion to 
tho speed of rotation of tho primary elc· 
mcnt, ond by obser ving the conditions req- 100 
uisito to make the torque benr a. rigorously 
linear proportion to the speed, and making 
the Sl,lring to permit <leflections proportion-
ate d1rectly to tho turning effort, the scr1lc 
may be graduated uniformly without tbe 106 
employment of any compensating mecha
nism to this cod. 

Tha pressure or density of the gaseous 
fluid medium in the casing GO should not be 
subject to change under varying conditions 110 
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of pre.;>jure within the m'nin, or the. readin!;S 
might be seriously innc<:urate; nor, obvi
ously, should escape of the liquid from tho 
mnin into the in<licator cnsing be permitted. 

6 To seal the running benring of shaft 30 
udequntely to withstand very considerable 
pressures, I make what I term a "mercury
lock" by the following provision: the shaft 
:10 is mnde of lim· steel of went uml uniform 

10 density und the bushing 1.> is preferu'u'y of 
hnrd roppcr, these hadng cliumeu-rs leaving 
" dearance of only a f ew thousandths of an 
inch,-much too small for the capillnry ad
mission of mercury. These surfaces ure 

16 to·euted for umnlgumation with mercury. 
The ben ring-portion of the shuft !lOis thinly 
<·upper plnt~d. un<l then hoth IJ<,a rinr;" sur
fn•·~s are contcd, in " qnirkening so ution, 
with men·ury. after whic·h the mercury-

20 filmed p~rts ou·e nsscmhle<l. In this wuy, us 
sought gra;rhicully and exuggerntedly tO be 
represente in Fig. 4, the mercury body 50 
is ontroduced into the ,-eo-y nnrrow clearance, 
und although it. is n unit:~ry seul in its re-

26 sistance to the passage of nir or water, it 
may p~>lctically be regnrde<l us forming two 
mirror-surf~ced films between the bushing 
15 and the copper plating 51 on shaft 30. 
I have found such a mercury lock makes a 

so \'ery effect ive and enduring seal while per 
mitting adequately f ree rotation of the 
shaft .• 

The combinution of turbine 1-otor and nir 
drag indicating .mechanism as above de-

36 scribed is especially advantageous in that 
the small turbine, developing a high shaft 
speed under even rather slow fluid flow, in
sures t hat the speeds of the primary ele
ment will be ample to result in high torque, 

•o so that the indicator may be of relatively 
rugged construction. Furthermore, the 
practical insensibility of the nir_ d~g in
strument to temperature changes, w1thout 

.special compensut>l)g mechanism, makes n 
very simple construction availuhle for many h 
an<! vorinnt uses. An<l sin~c linear rellltion· 
shii>S exist betwe~n the rut. of liquid flow, 
tu r >in<·-o·otation on<l indicator-displacement, 
nc:curote murking of the >;enle in uniform 
gnuluutions depends only upon the estab. 60 
lishment of certain easily-:tS<'ert'ainable con
~1ants for any giv~n conditions. 

Wh\t I claim is: 
f, .A ·flow-meter comprising a body h• v

ing n pipe en!,'lll!in~t portion, u lower head 61 
of ''"" ller diameter nn<l an upper casing, a 
v;•rtical shoft extending through said body, 
• <lisk-turhine in said hea.l di.-..rtlv conm-ct-
NI with said shaft. sni<l head hn•·ing inlet 
and outlet openin{,'S to the turbine disks, 60 
1tnd indicntinJ..! means ~omprising a rotH· 
tuble primary -element directly conne<'te<l 
with said ,·ertical shaft and u torsionally. 
Nstroinecl seeondury element displnceable 
by the first and equipped to show its dis· 65 
plncement in desio-ed tem1s. 

2. In a device of the churnc·ter described, 
the combination of u hody fitting havin~t an 
intermediate pnrt for pope engagement, a 
lower Jwad, and an upper shell, a shaft pass. 70 
ing vertically from saicl shell to said head, a 
pressure·reSlstin~t seal for said shaft ndjn
cent said pipe engaging portion of the body, 
an indicn.tor in said shell comprising a rota
table primary member having a vertiCAl axis 75 
ond directly connc~ted with the upper end 
of said shaft, a torsionally-restraooed sec' 
ondary element displaceable by the first, said 
secondary element associated with a scale for 
showing its deflections in desired terms, and ao 
a hori:rontal disk-turbine rotor in said head, 
said rotor directly connected with the bot
tom of said shaft, said head having inlet· 
nnd outlet openings to the rotor disk. 

In testimony wliereof I affix my signature. Sf 
NIKOLA TESLA. 
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METHOD Of OBTAINING DIRECT fROM ALTERNATING CURRENTS. 

aPECn'ICATION fcrw.l.Dr part of Letwn P..t..Dt No. 413,3~, cl&ted .x:tcbcrll~ 1889 

J.;pllu.U.Ilo4 : .... 12,1889. Scriallfo. Slt ,oee. lllollllll1el.l 

• 
To ·a~z wlu.n~ it may cvu-eern.: c:.:teuaion of tho gcncml principle:· Seloct!ng; 

lle it knbwn that l, NtKOL.I. T£SL,., a sub- then, any circuit t-hroo~h \9hich is flowing an 
ject of the Emperor of Austria., from Smiljan, alternating cnrrent, I aivide such circuit at 
Likn, border country of Anst-l'ia . Hungary, Buy d~aired point into two bmuchcs or paths. 

s tempomrily re~iding \u Now York city, In the In obe of these paths I insert somo device to 55 
SUite of New York, have invonte<! a certain create an electro-motive fo1~:e counter to the 
new and useful Improvement in Methods of wa,·es or Impulses or current of cine •lgu And 
OIJtnining Direct from Alternlltio~; Currents, a similar device in the other branch which 
of which tho follovdu~; is a speeitiCIItion, ref· opposeos the waves or opposite sign. ~ural.', 

to ere nee ~iug bad to the <lrnwings 1\Ccompany· for eumplc, that tht'Se devicesnre' batteries, 6o 
· ing nod forming a p11rt of tho $1\Dl~. primAr)' or ,;ooondary, or continuous-current 

In ntarly all the more important indnstrial rlynnmo·mnchincs. The wtwes or impulses of 
npplicntions of electricity the current· is pro- oppositedirectioocomposingthemnincurrent 
duccd by dynamo-electl'ic mnchines dri\·cn by b&.•·on n11tnral ten• Ieney to dh·iuo betwcoo tho 

r; power, in the coils ot which the currents do- two brooches; IJut by rci\SOn of the opposite 65 
veloped t.ro primarily in 1'0\'0I'SO llii'CCtions clectriCI\1 cllllrnctcr or effect of tho two 
or alternatiug; but ns nry mnuy clcctl'iCIII de· branches ono will offer an ensy passage to a 
vices and systems rcquiro dil•ect cru·r'\•ots, it current ot a certain direction, while the other 
has bceu usual to correct the current alter- will offer n relatively high resistance to the 

:o untions by .wca:>s of " t'O::lUlUt."lt.lt, ilutea<l pa53o<g0 or the"""'"""' reuL Thu r·..sult of 70 
of takhr~; thqm oft direct!}' from tho ~;ener.tt· this disposition is, that tho waves of cor
ing-coils. rent of on~ ~il;D wiU, partly or \fbolly, ))IISS 

'J'be superiority ...C nlteroatlug-eurrcnt mn- O\'er one or the paths or 1Jmncb011, while thoso. 
· chines in nil cases where their currents can or tlto opposite si~;r. pi\SS over tho other. 

'5 be used to advantage .rundei'S thcil· oruploy- Titci'C 'may thns bo olltniuod from nn niter- 75 
mcnt vory '<lesirnllle, as they may bo tuucb natiug CUI'I'Cnt two or moro uir<•ct cur·r~nts 
more economically consll·uctecl nnd opcrat-e<l; without tloo cu1ploymcnt oC nny comrnutl\tor 
null thO object of this my J>rO.~OUt iuveut.iun such M it 1oM been locrctoforo I'Cj$1ll'llC..! 1\S 
is to prol'ido means foo· uirccting·or convert· ·uli<'!ISSIIry to usc. Tho current 111. either 

JO lng at will nt one or mOI'O puiul.:! in" cln!Uit llrnnch 1n11y bo used in tho snmo wny uod So 
nlternntlog into direct cu rrents. for the """"' pnrJ>OSCS as nuy other uircct 

Stnte<l olol ll~dly_ns I nm ablo,to cxprest! eurrent-thnt io, it may~ mn.Jo to ehnrgo 
it, my hl\·eutiou consists in obtotluln~ direct SCC<Jralnry lmlteries,energiteclectro-uongucts, 

·from olternnting currents, or In dircct.in~; the or for any oth~r ouoal~ous purpo>c. •s wa,·u of nn ~tlternntiu;; current I!O ns to pr:o- Iu tho c.lrR<vioo~'>< I hn,·c illustr·nted some of Ss 
<luco direct or sullstuutinlly tlirccL curr-ents the \'nrious ways in which I m:oy cttrry out: ·· 
by <lo\·olopin:; or pro<lucinl:( in the 1J1·anchcs this iuvcutiou. · 
of a ch-cuit 1ncluuiug a wu1-.:o or nltcl'llnting ·The sovo1·nl ti;:ur011 :tt·c tliagrnmmntic in 
com•ents, either perm:mcully or puriodicallv, chnmcter, nutl will IJo cl,'Scl'ilicll in dotnilln 

40 lllld by electric, C]CClt'O•IIll\j!'OOtiC, or mnguc·i their onler. . 90 
ngcncics, mnnifestntions of energy, or· wh11L }'i11nro 1 ruproscnts a plt<n of clirecting tbo 
111ny be t~rmcd ncti\·o. t-csi~tnuces of oppo- oltcroo:otiu~: currents by mean.\ oC do\•lce~ 
~ito clcetHcnl chn''!cter, wberehy tho cor- purely clcctl'icnl in chnmctcr, Figs. 2, 3, 4. 
rent~ Or' cnrrentrwn,·c~ of opposite sign will G, li, ami 7 nrc diagrams illnstmtive of other 

45 bo ui,·cr·k'd through 'dill'erent circuits, those w:•ys or cA'rryiri~ out :he !11vention, which ·95 
uf one si;:n p~ing ovcrono llmuch :\nd those wit! bo: hcremarter, more , particularly . do-
or opposotc Slgn·over anolber. SCrtlx.-d. , 

I rnny consider herein only the' case of a I In Fig.'t; A designates a generator of alter
circuit divided into t<vo pntha, Inasmuch ns nattog cm·rcnts, antl ll B the u1aln or line 

so nny fn rthrr ~nhdil·ision in\·oh·es merely nn • circui~ therefrom. A t nuy given )l.Oint in. ioo 
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t.hls ctrcuit 1\t or near whic'h it is desired tn 
obtnin 'direct. citrrents I di\·idc the drcuit R 
into two paths or· branches CD. Jn each or 
these hrnnches I place an electrical generlt~r. 

5 which ·for tho present we will assume pro· 
nnccs d!(cct or continuous currents. The 
<lirc~tion of the current. tho• produced is ~p
posite in one branch to that of the current in 
t~.o other branch, or, considering the two 

to btnnches as forming 1< <·losed cit·cuit, t.he gen
eratot'S E Fare eonncc~d up in series there
in, one generator in each p:>rt or half of the 
cit·cnit. The electro moti\·c fore<~ of the cur
rent sources E nnd F tnay be eq unl to or 

15 higherorl<)wer than lht) cl<'<!tro-moti\'e forces 
in the branches CD or bctwc~n th ~ points X 
nnd Y of the circuit !3 B. If t>qunl, it is el'i· 
dent. that current-wan.~ of one sign will bo 
opposed in one branch and nssistcd in the 

·oo othor to such an extent that all the wa•es of 
one sign will pass o\'er one hronch nnrl those 
of opposite sign over tho other. If, 011 tho 
other hand, the electro-motive force of tho 
sources E F l.te lower than that 'between X 

zs nnd Y, the currents in uoth !.tranche$ will be 
n\t(~ruating. but the wnvc~ o( one si~n will 
JH'O{)()tu1cratc. Ono of tho generators 01· 
sou rce.s or current 1£ or l' mAy be di,pens~d 
wit.h; l.tut it ig prefembln to ernploy bot.h, If 

.,;o they offer au appreciable resistance, ns t.he 
two branches "·ill be tho'rehv better balanced. 
The translating or other de,· ices to be acted 
upon by t he current ar()dcsignnted by the let
le t'S G, aod they nrc inscrten in t.he branches 

35 C D In uny desiretl manner; but in order to 
better pre.•erv.c an C\'~11 balance bet"'eeo the 
b ranches due regard should be hnd to the 
number a nd cnaructer of the devices, as will 
be well understood. · ·· 

-40 F igs.!!, 3, 4, and 5 iliU8triLte what may be 
tertued "electro-magnetic" devices for accom
plishing a similAr t·csult- t.bnt ;s to say, in
stenrl of protlucing directly by A :!encrn~rnn 
clectro.motive force in each h>·anch of t.hecir: 

45 cuit, I may establish a field or fields of force 
· and lead the branches tbt"Ough the same Ia 

such manner that. a n Active opposi t.iou of op
posite effect or direction will be de,·eloped 
t herein by tho pns..'<:\gc,or tentlcncy to pass of 

so tho nltcrnationsof c urrent. In Fig. 2, for ex· 
:a111plt'1 A is the generator or al ternat.iug em· .. 
rt'll t,, B 6 the lin Cl • circuit., nn•l C [) t be 
brauctu:~~ over wtliC'h t.ho nlt.ernAtingcurt<'nts 
n re di rected . Ia each hmnch I include tho 

55 ~•«1>ndnr,v of' a tranMormer or induction .coil, 
wt.ich, since I hey corre.o,;pond in their func· 
t i•JtlS to tho l>Mterir.;o of the prcvioos figure, T 
hn,·~ dMignnt od by the letters E F. 'fhe pl'i· 
m;t ri •~ II !I' of tho iuduction·coils or 'tmns-

6o formers are connec·t<•d either in parallel or 
~<"riN~ \\' ith a source of <lir('lct or continuous 
curr~nl$ l,nnd tho nn>l)bcrof COli\'Oiutionsis 

· so calcu lllled Cor the strcngtb of t.he current 
frum I Utat the cores J J' will bo snturatcd. 

65 The "onnections are Stich that the conditionH 
in the two transformers are of oppositechar
ot1cr-that is to say, the Arrangement is~uch 

thAt a current wa\'e or intpulsecorr(;Sponding 
in direction with that or the direct aurrent io 
oue primary, as H, ,is of opposite direction~ 7<> 
that iu the other primary H'; hence it t·esults 
t hat while on<> secondary otfett; a n'SiStan~e 
or opposition to th~ passage through it of e. 
wn,·e of (JOe si;;n the other secondary simi· 
larly opposes n wa,·e of opposite sign. In 75 
consequence the '<aves of ono sign will, to a 
greater or less extent, pass l>y way of ono 
bt·nnch, while those of opposite etign in liko 
mnuner pass 0\'Cr the other lmmch. 

In lien of satm'ating the primaries by 11 So 
source of cootiouous cnrr.ent, I mAy include 
t.h~ primaries iu the branches C D, respect
i\'ely, nnd pc riorlicnlly short-circuit l>y any 
suitable mechanicAl devices-such ns a n or
dinary re\'Ulving commut.ator- their ~econda- 85 
ries. It will be understood or COUl'l'e ~hnt tho' 
rotation and act.ioo of t he commutator must' 
be in synchronism or in Jtroper accord with 
the periods of the alternations' in order to se
cu re the desired rl'Sull.~. Such a disposition 90 
l have represented diagrammatically in F ig. 
3. .Corresponding to the provious figur~. A 
is tho gcnorn.tor or nllcrnaling current~ B B 
the liuc, and 0 n the two branches for tb'l)di-
roct curr~ots. In bt·nnch C nrc included two 95 
primary coils E E', and in branch D /\TO two 
similar primarit•8 F F'. Tho correSpof1.rling 
secondaries for these coils nod which a re on 
the Mmo ~ubclivide<l cores J or J' are in cir
cuits tho terminAls of which connect to op- reo 
poRite segments K K' nntl J. L', respectively , 
of a commutMor. llrusbes /1 b bea r upon tho 
commutator 1\nrl alternately short-circuit tho 
plates K and K' and Land I/ through a con· 
lll.'Ction c. It is obvious that either the mRg- 1 05 

nets and· commutator or the brushes may re-
,·olve. · 

The operatioo will be understood from a 
consideration of the effects of closing or short-
circuit.ing tho secondaries. For exainple, i£ no 
at the instnnt when n given wave of cu rren t 
passes one set of secondaries be short-cir· 
euited, nearly all t-be current flows through 
th<l corresponding primaries; but t.he second
aries of tho othet branch beiog open-ci reuitcd 1 15 
the sel!-incluction.in t he primarie~ is higbc~t, 
and hent:e lit.Ueor no curroatwill pass through 
that l>ranch. !f,.as t.he currentnltornntes, t.hc 
secondaries of the· two branches aro alter
ltately short-circuited, the result will bo that ',., 
the currents of mi~ sign passover ono brnnch 
and those or tho opposite sign over tbo other. 
Thcdi!lll<h·nntages or t.his nrrangcm~nt, wh ich 
.would seem to result. from tho employmcnt,,f 
sliding contacts, are in realir.y very slight, in· t>S 
asm uc•h as the clectro-ruot.i ve force of the 
secondaries may bo mnde exceedingly low, sli 
that 8parking ttt the brushes is twoiucd. 

.[~ig. 4 is:\ diagram, partly in sect.ion, of 1'111· 
other plan of carrying out the im·cntion. The t JO 
c ircuit D in this case is d i vided,ns hcf ore, and 
each branch includes tho <.>oils <Jf both lite 
fid<l nntl rcvolvi11g armatut·c• of two intluc. 
t.ion devicc!i. 'rhe armnture..q, 0 P nrc l)rc:fcr·. 
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.. bly mounteilon the same shaft, and lire a<l
jl.ls~ r~utti n·l~· to one tmother in su<:h •n~n· 
n~r that wh~n the self-induction io one branch, 
as C, is roaximum in the other ])ranch D it i~ 
minimum. Tho 1<rm11tures are rota ted in 
synchrooigm with the altern11tions from tho; 
sooree A. The wind ing or position or the 
armattrTe-coils is ~ucb thatll curr-ent in a gh·~n 
direction pMsed through both a rm~<t u res 

ro would establi~h in one poles simill\r to t-hose 
in the adjacent vol«s of the field and io the 
other poles unlike th¥ ><djacent field-poles, as 
Indicated by" "s sin the drawings. Ir the 
like poles are present~-<.1. liS shown in cir-cuit 

rs D, the condition i~ thM of a closed seoond~<ry 
npon a pr imary, or the poijilion of least In· 
duet.ive resistance; heu~e a ~iveo altern At inn 
ot current will pass rnainl:; through l). A 
half•re\'olrnion of l·hc armlltures produccs11n 

•o opposite cffccr,and tho;uccee<lingcurrenr ion
,pulse I)II.'!Ses throu~:h C. Using this figure as 
a u illustrat.ion, i t is o\'ident t-hat the fit>lde N 
M may be pcrmrurNrt magnets or independ
eutly excited and the a rmatu res 0 P dri,·co, 

:iS ·as in ~he present c • .se, so as I<> produce alter
nate currents, which will set up alternately 
impulses of opposite d irection in the two 
br11nchc.~ D C, which iu snch case would in
clude the armature-circuits and translating 

30 devices only. 
In Fig. 5 a pi>Lu 1\lternative with that shown 

in Fig. 3 is illnstratcd. In the previous ease 
illusLrat.,d each branch C and D contained 
one or mor<> prim11ry coils, tho secondaries or 

3S which werv periodically short-circuited in 
synchronism with t he alternations of current 
bow the maio 110urce .6-,aud for this purpose 
10 commutator was employed. Th~ latter 
m11y, h owc,·cr, lie dispensed with and an a" 

40 mature with n closed coil substituted. 
Referrillg to Fig. 5, in one of the branches, 

as C, a're two coils M', wound on laminated 
cores, and in the other branches Dare simih<r 
coiL~ N'. A ~ubdivided or laminated anna· 

45 tureO';carryiog a closctl coil R', is rotatably 
sopporied between the coils M' N',as shown. 
In tbeposlt.ion shown- thllt is, with the coil 
R ' parftllel witl: the con,·olutious Of too pri
lnaries N' !11'-practically the whole current 

so will pass throogh brllncb D, because the self·· 
induction in coils l\1' M' is maximum. If, 
the refore, tho armature Rod coil be rotated 
at n proper ~peed rciMi vcly to the pcriodsor 
alternations of the sou rce A,lhe same resnlts 

55 are obtaiuccl as in tho CA8e·of Fig. 3. 
Fii>. () is an instanccof whAt mny btl c:.llcd, 

in d tstiuction to the otbers, o '' ou\goetic" 
means of securing the results arrived at in 
t.hi~ invention . . V und W are two strong 

Go pcrru11nent mngn ets p r-o,•ided with arltlatures 
V' w·. r~~pccli\·ely. Thearmatlii'CS nrc mado 
of t hin luouinoc of soft Iron or steel, nnd tho 
nmoun1 of mn~netU: metal which thoy con
tain Is ~ oal<-nlale<lthat they will bo fully or· 

Gs nearly •nturatc<.l by the rnngucts. Around 
the armatures nrc co '!:' E . F, contained, re· 
sr,ecti,·ely, hi tho cir-cuits C 11nd D. 'l'ho 

connections and electrical cond ition~ in tbls 
case arG similar to those in Fig. 2, e.tccpt 
that th~ current sonr<·e I or ~'ig. ~is disp~nsed ·7o 
with and the saturution of the core of coils 
E F obtained from tho permanent magnets. 

In the illustrations heretofore given I ho\'C 
In eAch Instance shown tho two branches or 
p11ths conlllining the translating or induction 75 
devices as in derivat.ion one to the other; but 
t.hls is not al •v,.ys n~ccS81\ry. For c.tnmple, · 
In Fi~:. 7, A is an alternat ing-curren t genera· 
tor; B B, the line wires or circuit. At auy 
gi\"en point in the ~ircuit I forrn two paths, llo 
as D D', nnd 1<1 another point two paths, as 
C C'. Either pair or group of paths Is simi· 
lar to the pr~\'ioue dispo~<itions with the elec
tricaJ source or induction de' it:e io ono 
branch only, while the two gronps tnken to- Ss 
gether form the ouvions equivalent of tho 
case::s in which nn imlucliou tlovice or goner~ 
ator is iucludcd in both hranches. In ono 
of tho paths, liS D, are included the de
vices to bo operated by the current. In the 90 
other brnuch, as 0', is nn induction <.lo\·icr · 
that oppose~ the cu rrent impulses of one di.
rection and directs them through t.Jie brMch 
D. So, also, in branch Care tra nslating do
vice:< G, and in bmncll C' an induction de- 95 
"~icc or its equivalenL that din:rts through C 
impulses of opposite clin!ctinn to those di
,·erted by the device in hranch D'. I have 
nlso shown >\ special forcu of induction de· 
vice for this purpo~o. J J' are the cores, 100 

forltled with pole-pieces, upon which are 
wound tbe coils M ·N. Uetw<.-en those pole· 
pieces are monntcd at right angles to ono an· 
other the magneticarruatures 0 l', preferably 
mounted on the same shl\ft nnd designed to ros 
be rotated in synchronism with the alte rna
tions of current. When one of the anna· 
tures is in line"with th e pules or in Lice posi· 
tion occupied by armature P, t he magnetic 
circuit of th e iucluctiou devico is practically 1ro 
closed; hence the're will be the great-est oppo
sition .to the pa..«Sage of a curren ~ through 
coils N N. Tho alternation will therefore 
pa..os by way or branch D. A't the same tirnc, 
the mAguctic circuit of the othor induction ••S 
Mvice being broken lly the position of the 
armature 0, thoro wjll l.>c less opposition to 
the current in ccils M, which wiH shunt the 
cnrrcnt from brauch C. A reversal or the 
current being at-teuded by" shifting of the 120 
armatures, the opposite ef!cct is produced. 

There are mauy other modifications of tho 
1nunos or met.bods of carrying out my inven~ 
tiou; but. I hav('. uot deemed it.neccssn,·y hf:\rc-· 
in t.o specifically refer to more thnn thoso de- 1 •s 
scrille<l, ns they invol\'e the chief modificn· 
Lions of tho piau. In nil of tlrcse it will lie 
obscn·ed that l.hcre is cle ,·eluped iu oue or nil 
or the brnnches of a cir~nit from n source of 
nJtornat.i ug currents an :!ct ive (as UifOtin· IJ.:-
gni~lrcd froru a (1cacl) rcsistnncc or opposi· 
tion to thb ~urrent.• of ouc si~:n. for !be pur
pose of diverting the currents of that sign 
through tho other or another path, but per-
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• 
m~t.tin~ the currents of oppot>ite sign to p3SS 
without anb~tantial oppo!lition. 

Whether tha division of the currents or 
waves of c:nrrent of opposite sign be ettected 

s with ohlohite precision or not is immaterial 
to my ln\·tntion, sinca It will lie sullicient4f 
tho wnves 11r0 only partial!)" diverted or di· 
rected, for In such case the preponderating 
iillluence In e>tch branch of the circuit Df the 

'" waves of one sign secu•·es the same p,actical 
results In mt~ny if not all respect& as though 
tho current were dh•ect nn<l continuous. 
· .An altcrnatlug and dirE><·t current havo 

been oornbinl'<l so that the w1wes of one dl· 
<5 rection or sl((n wore pnrtially or wholly over

OOIUII by thelllrcct current; but by this plan 
only one IICt of alternations a re Ulilued, 
whereas by 1ny system the entire current Is 
romlcired avnilnblo. lly obvious applications 

zo .o! tJ1is diSCO\'~ry I 1\11\ enabled to prod nco 11 
solt-exciting nlternBliog dyn:tmn, or to oper
ate direct-current 1neters on nlt.ernating-cu .... 
rent circuit, or to run ,·arious dovices-5uch 
as·tlrc ll\lnps-by direct currenta in thesamo 

•s circuit with incandescent lamps or other d&
vloc's run uy 1\Jlternating currents. 

It will be olJsen·ed-th&t if an intermltlent 
counter or OPil081ng force be developed in tho 
brnncho, of the circuit antl of higher ~lectro-

}" motl\·e force thnn thllt of the genera\or An 
alternating cunont will result In each branch, 
with t.ho WIIVCS of ono ij(gn preponderating, 
whllo n constl\ntly or unifortnly llCting oppo;. 
sitlon In the bmnches of higher electro-mo-

JS ~ivo forco than the gcnerntor would p roduce 
a pulsatiLI: current, which conditions would 

• 

be nuder some circumstances the equinilent 
to thoso I h~tve previously described. 

Wh11t I claim as my invention is-
1. Tlle method herein set forth of obtain· ~o 

log direct from alternating correnta, whic:t · 
oonsista In developing or producing' in ono 
brnnch of a circuit from an alt.ernating~or
reut SOt!.~ an ~~etive resistnnco to tho cur
rent Impulses of O!le llirection, whereby tho 4S 
t~nld currents or waves of curren1. wlll be tli
verted o•· d.lrected· througl. 'lDOthet· brnnch. 

l!. 'l'bo .r.ethod of olitalning diror.t fi'OID al· 
tematlng currents, which consists In divid
Ing the path of an alternating curreut Into .~o 
brancbes, nod de,·cloping in one of Mid 
branches, either permanently or perio<lic.,lly, 
an tlcctrlcfll force or acti vc re..~stance coun· 
ter to or opposing the co !Tents or current· 
waves of one sign, nnd in the other branch n ss 
force wnnter to or opposing the currents or 
current-.. nves of opP9Sit.e sign, as se~ forth. 

3. 'rhe metl1od of obtaining direcHrom nl· 
ternnllng currents, which consist& in dividing 
the path of an alternnting current Into 6o 
brunche.' ostablis,bing fields or Co1-ce noll 
ICI\diug the Sllid brsnches through t ho 811i<l 
fields of forco in such reliltion to tho lines of' 
forco therein that the impulses of current ot 
one dlrectlon will be opposed in one llrnnch 65 
and those ot o(fposite dlrecti.o.n in the other, 
ns ~el forth. 

NIKOLA 'J'r:SLA. 
\\'i~nesses: 

ROBT. !<'. GAYLORD, 
lo'. D. MURPH\". 
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To all wil-01JZ, it nut!f c.·ourrru-: 
Be it known that l, NIKOI.A Tl!:si.A, n sub· 

jcl't of tho Empe•-or or Au~tria, f•-om Smiljan, 
l.i k~J:.I>O •·<ler eonnf.ry of AllSlria· I I ungm·y, and 

S n res•dentofNowYork, in thel'.ouuty ami ~tate 
o( Now York, have in\·ented <.'8rtl\in new and 
n ~eful Improvements in Electrical Meters, of 
which the following is a specllicllti&n, •·efor
once boin~ h:!d to th~ <Ira wings nccmnpany-

' o ing nnd forn~ing a part of _the same. · . 
My invention pertains to methods or nun 

nppnl'l\tus for estimat-ing t-he electrical en~rgy 
that hns been oxpeu<loo in an electric circnit 
or any given portion of tho same. 

• S '!'he principia of tho iln·cnt.ion is emboc\ierl 
in nny form of npparntus in which a con
•luctor i11unorsc<l in nn electrolytic solution is 
so arranged that metal mny be dcpositell upon 
it or taken nwny from it in such manner that 

20 its clectric.alt·esistnnce is va•·ied iu a clolinitc 
proportion to the strength of the current tho 
•·ner:n• of wl>ich is to be computed, whereby 
snch Variation in 1-csistance may serve n..q n 
mea~ure of the energy or may be utilized in 

:5 v~t rious we11 -understO<Xl ways to bring into ac
tion suitul•le autmlJntic rcgiSterinf! ·mccha.n· 
ism ":hen the resisl!mcecx~ee<ls or fall' below 
pn••lNcnnined limits. 

In carryin~ out my ilwention I prer~•· to 
30 t'hiiJI•lY JUl c:-luctt"t)lytic c:cll, throngh which <•X· 

tent! two <'onduetOI'>< parallel <ln<l in close 
proximity to ench ot-her. I con ncct these con
•lurtm-s in Seri~S through B l'I'Sistnncc, lint in 
~uch nH111ncr thnt th~<ro is an equal ditlcrenre 

35 of pohmtial between them throughout their 
c•nt.ire extent. The free ends or terminals of 
tho conductors a•·o connected either in series 
in the circuit supplying the c u•·rent to tho 
lamps or othrr <lev ices or in p•mtllel to 1\ rc· 

40 sist11nce in the Mid cil·<·nit anrl in scl'ios wil h 
the translating dc,·ices. tlmll!l' such circum
stances n current p:I.Ssiug through the cou
cluetors establishes n clitfercnco of potcnti .. J 
between them which is p•-opor,ional to tho 

45 'trCilgth of the t•un·ent, in COllSCt[nence of 
whi•·h thet·o is a lo·nknge of current f1'0m clno 
Muductor. t.o Lh<' other acr·os.~ tho solntion. 
The ~fl·eugqr or this le:tk:t;;() <'Urre11t is pt~•
portional to th<' tlifferen<'c of po!t•nli:tl, atul, 

so the•·eforll, in propor·tion t.othest•·nn;;th or the 
CUl'rent passing thn~ttgh thP ~omlnl•lOt'='
Moreover. as th~·re is~ eonstAnt •liffea·enceof 

pottnti~l het w«;en the two ~onductoa'!S th t·ouA"h· 
out tho entire extent that is rxpose<l to the 
Mint ion, th& en n•(ln t clensity th ron;:h su~h so- s 5 
lution ;, tbos:uno ntnll co•·•·e.•pon<lin~r points. 
and heuce the <lopo~it is nuiforrn nlong thE' 
wholo of one of tho con<lnt!IOI's, while the 
moti\l i~ takon n w:iy uu i rormly fr01i1 the <>thor. 
The. resi<tanc~ of one conductor is hy thi~ 6o 
mE'ans diminishotl, whil() lhnt of tho other is 
incrc:1se•l both in J)l'Oportion It! tho stt·enJ[th 
of the cun·ent passing through the cowl uctor~~... 
From such variat-ion in the •·MiStllnce or either 
or both of t.he co~:ductors forming the po.,ith·o 6~ 
nnd neg~~th·e electrode~ of the cell the cnrrcn~ 
ener;:y expended mny be r\)iHlily computoll. 

Other modified tll'l'nngcmcnt• uf thR con· 
clucto~ nre contcmplate<l, as will he under
stoou from'thc following .].,scription nrul ref· 70 
erencu to the drawiuw;. 

Tho figures su·e di;tgraut:s ~hc.ln·iug the uw
fC'r in opemth·e relations t~ n working·ci1'CHit 
anli untlet· sli~htly-motllliccl nrrnn;:enwn1s. 

In Fig. 1, G lle~ig-nates n. suita.h1e tlirect- 15 
cm·rent gcnerato1·. I. T. are the contluctot~ 
of the cil·cnit extentlin~ then·C.'Om a n(\ in
cluding ani.! supplying lamps o•· othc,. trans
lating do,·i1·cs T. .\ is a tubE>, prar~'''1bly of 
glass, tho ends of which nro ~cale<l, as by So 
menns or insulntin;.: plogs 01· C•lPS B B. C ( '' 
nrc two conducto~ cxtcntlin~ thron~h thf' 
tubo A, their ends p;\ssing nut. through tho 
plnrrs U to terminr..ls tht!rcon . T'Ju.:se con
duCtors nlay be conugatetl tH' formccl in othe1· Ss 
prope•· wuys tO offer tho dcsi red elet!t•·ic11l r.•
~istanrc. H is a a·csistr.nce c·onnccted in~
ries with t-he two conciU<·tors C C', which by 
their Cre() terminals nrc connectecl up in t he 
cit·cuit of 0110 of the contluctors L. 90 

'J'hc mothOcl .of nsin:.; this c.le\·ic<' <IIHl c.om
put.ing hy m~JIIl~ thc•reof tho cner~:y of the 
.,urrent will be ••eaclil,- uncle>'Stood. First, 
tho •-esistnnces or the· two couc\uctors C C', 
respectively,' nro accurately mollSUrecl o\ncl 95 
noted. T hen n known ~nrrent is passed 
tlu'Ongh the instrumont. f1.lr a. gh·cn time, an«l 
by n. ~l~tlcl mon.suronHmt t.Jw iucr·case and 
clhut"mtti1H\··of the l'C."\iStJ\JH~t ·S 0£ thO tWUCOn
tlrWf ors "'specti \'-ely tak<)ll. !•'•·•"" tlu!se ll:~ts •oo 
.the constant is obtaitu•l-Lhat is to !l:ty, for 
exnut)lle, the i1H.'l'f!-3.'i;O or re~i:-:.t:Ut(•e Of one 
comlrt<'tm·or thP •liminution of the ~si;taoce 
of the nther rer lamp-hour. These two meas-
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llremeot~ e\·idt>ntly sen·& :ts ;\ c·ls('c•k, since 
the gain of one COnductor shnul<l ~<fiiHI I loP 
Jos..~of theotht!r. A fm·thca· du~d' i:o.arrunlctl 
Uy mon.snring l•utlt wit·, .. ~ iu ~rit·::. wil.l1 1..111' •·c· 

5 sist.itoce, in which Cl\.~ tlu,• · l'CSistai1CC Of 1ft(' 
who1e sbouJcl remain con~htnt. 

In Fig. 2 tho condncto1"' (/(;' nre connectecl 
in parallel, tho current dtwi<·o nt X p!<S.•· 
ing in one branch fir.;t thi'Ongh 1\ r<'~istanco 

o o R' ancl then through coHunctoJ· C, while in 
the other branch it piL'!S<lS first through con· 
cluNor C', llnu then through >'Csistnnco R". 
The r·esi.~tnnces n• It" 1111! C<jURI, 1\.• Ill"'' arc 
the-resistances of tho conductoi'>S c.; c.;•, Jt 1~, 

• S moreover, preferable thnt tho rCSJlO<:li\'O rA
Ristancos of the conuuctors C (;' ~houhl b~ n 
known and con\'enient. frnction of the coils 
m· resisttmces H' It". It will bn 11bservc<1 
that in the arrnn~tement ~hown in Fi:;. :!thoro 

•o i• n constant potcntlnl difforcn~c between th o 
two conductoJ'S C C' thl'cughout theio· cntio·o 
length .. 
It "ill be seen thnt in both ""'e.' illus

trated the proportionality of tlu• itll'>'en;;o or 
z; decrease of rcsistanro to the current strength 

will nlways b~ prMen·cd, for wlont one con· 
duC'tOr ~~nins the other lo:;c!", 1\nd the resist· 
nnces of the conductors C C' being smAll ns 
compared with tl1e resistAnce:' in scriP~ with 

JO them. It will bo undcrstoo<l thllli\Ctcr <'&eh 
•nensur~mentor registration of ngivcn \'llrin· 
tion of resistnnco iu one or both conductOJ':< 
the<li rectioo of the current should llochan.t:ed 
or the instrument revemed, so thAt the ·do-

JS r,osit will bo taken from the conductor which 
ns gained and n<ldod to thnt which has lost. 

This principle is cApable of many mo<liticn
t.ious. For inManco, sioco there is n section 
or the rircuitr-to wit, tho conductorC or C'-

40 that varies io resistance iu proportion to the 
cn•·ront Sti'Cogth, snch vArintion may be uW· 
i7.ed, AS is done in mRny anRlogous cases, to 
ell'ect the operntion of \"nrious Automatic do
vices. such M r~gisters. I prefer, however, 

•5 Cor tht• sake of simplicity to compute tho en
ergy by measnrements of resistaoc~ .. 

The chief advantages or this invotrtion are, 
fJJ'St, that it is possible to read off direcllytbe 
nmount of the energy ~xpendetl by menns of 

so 11 properly-constructed ohm-meter nncl with
out 11!&orting to >7eighing tbe deposit; scccnd, 
it is not necessnry to employ shunts, for the 
whole or the current to be measul1!d may be 
pns."Cd through the instrument; thlnl, the nc· 

SS cnrncy of the instrument nml corrcctneK .. u( 
the hHliratinn,._ nrl! hut S.tl!!ht.ly llf'ftf.:ted by 

c.hangt:s in tclnpt!rnt ur~: Io mldition to tllese 
nth·:\ntn~(·~ tlae inw~ntion pos.,es~P .. S the merit 
or (!(!I)Jif)lll)" ill tho WH~tC Of f:Oergy flOrl Sint • 
plicity, cuuqnu·lufi'R"-"'• and c;IH'A{IH~')."' in con · lo 
sl ruet.ion . 

\\'hnt I ch<im i~- , 
1~ Tho methocl or c:n1t1putint: the funonnLor 

ek!etricnl en<'rl!Y cxpec1led inn gi\"cn time in 
nn 1·l~tric ciN·uit; which consist=-< in mnin·- 6s 
tRiuin~ by tho current n potential uil!erencP 
hctwcen two coudnctors in nn ele<:trolylic so
lution uniform throughout the whole extent 
of Hueh condnctm'S expose<! to t.he :<olution 
nnd mc~asurin;: tho vnrintion of t.hc resistRnce 70 
in one OJ' hoth of snid eomluctol'!l due to the 
gAin or los.• of metod hy clcetro-<lepoRition, ns · 
set fOJ'tlJ. 

2. Tho combinntioJ1, l\'ilh an Plectric cir
~uit, of '' meter composed of nn electrolyt ic 75 
<·ell nnd two ~.onunctors pa.~•ing through the 
sn•uc, the uhl <:ontlnc·to1·s Ut"ing in or con· · 
necte<l with the lllt<in circuit anu so thnt n . 
potentinl clitfercnce uniroru1 throu~hout tht· 
who!~ extent exp"•c<l to Lhc solution will he So 
maintained between Uu~m, n~ ~ct forlh. 

;;. Tho <"OmlJinRtion, wilh n.n dectric c·jr. 
cui.t containiug trRnslntin~ devices. of n me-' 
ter composed of An clectrolyti<: cell nn<l twu 
con.durto•-s p:lssing through thr same. nact S_; 
connec·ted in ser·lrs \\:itlt the trnuSh\ling dc
vico~. n.ud ono or 1norc r<'sistanc<.•s connccteti . 
thPrewith for establishin" n potentiAl differ· 
euce betwe~n tho two conductors through th•· 
solution .or the cell, AS set forth. · ~o 

~. An electricalmeterconsistin:; or"" elec· 
trolytic cell, two parnllel ~on<lucltH'' <•xtt•oHI· · 
ing tbl'ough theAAme, thosnld cond u<·too.,:: be· 
ing connected togotiH'r· in sories tlu·ough a rc· 
sistftnce and hnving tcr111innls at theil· frt:t~ 95 
ends tor connection with n circuit, thc~n pari!'( 
being combined in lhc mnnnc·1· suhstnntially . 
ns set forth. 

n. An electric mcterc-ou~istingof 1\ tubular 
cell contnining All electrolytic solntion aud ooo 
clo~ed at the cnus, two parnllol con<lucloz-s ex·· 
tending through the coli, a resislnncc-connec. 
Uon between the end or one condnotor und 
the opposite encl of the ot-her, nnd terminals 
Cor tho remaining enclscf the respeNi\'O t"'il· 1or 
cluctor"=', t.h~~ pn.rt~" h£tillt! C'.Oml•inCil a~ set 
forth. 

N !KOLA TESf.A. 
Witnesses, 

RODT. F. GAYLORD, 
PARK&R W. P.,Cl':. 
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To «U whom it ma11 con.cern. 
ne It kno\Vn that I, NIKOLA TE.sL&, a citi 

r.en or the t.'ollcd States, residing at New 
York, In the county and State of New York, 

s h,.,.e invented A certain new and useful lm· 
pro•e•nent in Electrical Condensers, of wbicb 
tbe following Is a apecil\cation, reference be
log bad to the aeeompanylog drawings. 

Tbe sobje¢t of my p1'086ol application ie- a 
• o now ·aod Improved electrical oondeoeer con· 

Strncted witb A view Of obviating certain de· 
fects which I have observed to exist lo the or· 
dlnary foriD& of •ucb appArl\tus wbeo em· 
ployed In tbe system devisod by mo of pro-

• s do<:io~: light aod other e.tfocts by means or 
curr.euts of high fr~•1ueney And high potcn· 
tiiLI. . 

I have found that insul .. iing material such 
as ~rlasa, mice, and, io general, tboso txxlies 

•o which poasess t.be highest specil\c inductive 
cap&eity are inferior as insulators io such 
de,·lces when currents of the kind described 
aro employed to th~ posseuing high inso
lating power, togt>tber with a SIDRIIerspecilio 

•s lndoctire capacity, and I h"ve RiolO Coo nd that 
It Is very desirable to exclude all ir'SOOO~ mM· 
tee from the apparutus, or aoy &<Xless to the 
ea•ne to the electrifted surfaces, in ordar to 
proveot beating by moleeulJH bombtArdment 

50 and tbe toes or injury coneeqnelltt.hereoll . I 
have found that I 111ay acoompllsh these re· 
Aultsand prOduce bigblyefll.oientiLod reliable 
cot!'densera by using oil as the Ill electric. aod 
In tbls my Invention resides. 

lS ~o special construction· or the cooden110r Ia 
neceeeary to a demonstration of the Ioven · 
tion; bot the plan admits of a pRrtlcul,.rcoo· 
a:.ructlon of ooodenser, In which tbe distance 
between the plates Is Rlljuatnble,anll of which 

,o I take advantage. 
I n the aooompaoylog drawloge, Figure 1 Is 

6 eeotloa of 6 condenller constrncted ill ac· 
conlance with my ln.-entlon and hRving sta· 

• 

tiooa.ry piatt>S, and Fig. 2 is a similar ,.le,.or 
a condenser with adjustable plates. · 45 

I use any suitable box or receptacle A to 
conlbin the plates or armaturos. These lat-
ter are designated by D nnd C a11d are coo· 
nected, respectively, to tormi11als D "od E, 
which pass ont through the sides or the case. so 
The plates ordinarily are sopRrated by strips 
or porous losulating IUILtorial F, wbich are 
used merely Cor the purpose of roalotl\ining 
tbem in positioo. 'fh~ spa,•e within the can 
is filled with oil 0. Such A condenser w!11 55 
prove highly enictent Rull 1• ill not becoane 
bel\ted or permanently iojn red. 

Iu mRuy casas it is deo;irable to vary or ad
just tbe Cl<pacity of n condenser, and this 1 
provide for by securing the plates to Adjust· 6o 
able supports-&.' for example, to rolls 11-
passlng tbrongh stufliug·boxes 1\ in the sides 
of t.he CA.'IO A aod furn ishecl "·lth nuts r., the 
ends or tht' IWS bein ll threAded for e·ngage-
rnent i<iLb the nuts. 6s 

It Is well known that oils possess insolating 
prope~ties, And it has beeo a eo1nmon pr,.c· 
tice to Interpose " body or oil bHween two 
couductors for purposes of Insulation; but I 
!lave discover~ peculi~r properties in oils 70 
wblch render· them very vl\ln,.ble io this par· 
tlcular form ol de,· ice, their employment iu 
wbieh hl\8 ne••er heretofore 1\Dd, so f..r as I 
am aware, been reprtled 11.8 neCCSSAry or even 
desirable. 7~ 

What I cll\im ls-
I. All elect de condenser CO!Opo!'ed Of p14te1< 

or armatures lmme~ed in oil. 
2. An eleotrlcel condenser compo~d or 

pll\tes or armatures adjustable with respect So 
to one nnother ""d •mmersed in oil 

NIICOLA TESLA 

\\"itnesaes: 
P..uutER W. PA.Oil, 
MARCI:LL.A G. TRAC\·, 
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SPECIFIC.A.'l'ION io1111i111f pan of Letters l'!Ue.nt N~ 514,187, c!At.ed February G, \894. 

A,_;c.tlt: llocll....:y 2, 1891. Baiolllo. 415,773. <!lo moL• 

To all wlwm it ma.y concern-: 
Be It known that J, NIKOLA TBSLA, a citizen 

c•f tho Unitt-d States, ~esiding at New York, 
in the county auu State of New York, have in-

S vented certain ne\V and usefullmprovoments 
in J.iue Conductors for Systems of Electrical 
Di~tribntion;of which the followiogisaspeci
flcat lon, reference buing had to the dra10.iogs 
accompanying and forming a part of t ho same. 

10 In noy system of electrical transmission or 
clistribntioo in which currents of excessively 
his:h potentiol ore employed, and more par
ticularly, when the frequency is hi:;h, there is 
n dissipation of eoei1?Y from tho conductor or 

•s ·ouductors of the line, doe to tbe olect.rifica· 
Lion of tho lltmosphere or otber surrounding 
modium, o r other causes. 

Heretofore it has been. usuAl, In order to 
p•·ovent los.o by dissipation or Interference by 

20 induction on line "onductors, to insulate the 
sam& nod inclo~ th1:1m in a cootiuuou~ con· 
ductiug sheAthing or cover which hilS been 
connected ·with tho ground by a goocl con
ducting path. 

25 The object of my invention Is to prevent 
loss on line conductors In a syatom of electri· 
cal transmission and distribution, more par
ticularly such s.s t hat described by rno in pair 
ent or June 23, 1891, No. 4~G22, bat in any 

30 other system in which altorontlng or, gener· 
ally speaking, varyiogcnrreatsof excessively 
high potential are employed. 

1 have found that in these ~ystems tho ose 
of a conducting sheath or screen nronnd the 

JS line conductors 3Dd well grounded, or e~en 
brought into proximity to external ccodoc
tors or largo bodies, is att.eoded by an actual 
and generally a serious loss of energy. I 
tboroforo mniotaiu tho sheath either entirely 

40 isolntod or connected directly or locluctively 
to tho'groand, through a path which will prac· 
tlcally prevent tlie pasaago oJ. currents over 
it. I have also found tbllt whon n oontinu
ous Insulated sheath or screen is employed, 

45 there Is grGilter liability to loss of energy by 
inductive action, for unless tho ah-eatb or 
screen be coo.sidorably shorter lht\n tho cur
rent wav..s passing in tho coodnctor, olcctro
motivo forces wilt bo sot up bet wee:> dil!orent 

so points in tile shoat!&, wbieh will result in tho 

passage botwoen such points of induced cur
rents. I, there!Qro, divide np tbe ~he:lth or 
screen into short loa~ths, very much Nhorto•· 
thRu the \VR\'e lengths of tho current used , NO 
that tho grounding of anyooeof such lon:;rhs 55 
or the approach tboretoof a largo body "'ill•·c· 
so It in no I napprecinble los~, or at most A snu\11 
local d raloingottheenergy, whi lo tho tendency 
or currents 10 now botwcon ditrtrcnt points 
in tho sbe:~tb i~ effectually o,·orc11mo. The 6r 
function or the sheath as a stntie screen for 
pre,·eotin:; the dissipation of tbe eltctric en
ergy, bowc\'or. requires for its eorn1•l~to ef. 
fectiveocss 1\n unintcrrnptcd conductin<r pnr
titioo or screen around the conductor. I at- 6; 
tnio this rospoct in the caso of 11 soctionnl 
screoo, by causing tho onds of tho insulated 
divisions or sections of tho s.~mo to ovorlttp, 
iotorpo3ing n suitable insulating wfltCrial be
tween tb& overlapping portious. By moans 70 
or n conductor or conductors thus protected, 
I may transmit -.!th slight lo.'\3 and to great 
distances currents of very !Jigh poteotil\1 and 
oxtrcmoly high frequency. 

The invention is lllnstratod in t~e nccom· 7 s 
pRaying drnwings in which-

Figure I Illustrates portions of tho conduc
tor with the onrth connections nbovo do· 
scribed. Fig. !) is n section:-.! view of 11 por· 
tion of the conductor on an onla•·gocl scale. So 

A Is tbo ccnt&·nl wire or cor:dnernr· tb:n cnr· 
rios the current. 

B is nn insulating co:~tio:;. 
0 is a conducting sl.teathiu~or screen, \\'hic!t 

may be extorm•lly iasulatcu, if ro tlc>iro•l. Ss 
This sheatblng is, divided up, a.~ sbO\<n, into 
sh'ort lengths or soctions, ;md tho on<l of on" 
section overtop., or telescopes with tho ontl of 
tho adjnceat sectious buL is in<nltllcrl there· 
!rom by the mntor:al D. •1o 

It is ;roll kuown that a stl\tiC sc rcuu, ro bo 
entirely efrocti,·o M such, shunld h:~vo n 
~;round couuection, bnl it h:.s hocu usual iu 
such ca3es to provitl.e a ;;cod ~lcctdcnl eon· 
nection from tbo ~crc~n to ,~u·th. Whon a ?S 
cat'r1lnt of excessively high potential, how
ever, is .u~od, or when u,e frc<luoncy of tho 
current is \"Ory high, !"uch :t connection isiu·l· 
pra<:tienblo on account of tho lo,;s which fol
lows. lo such C:tSOS. therefor<.•, I obt.~ip tbo 100 
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beneficiRl n:snltsor an earth.conneclion while 
preventing the generally serious loss that 
wouhl occur in the usc of such currents, by 
r•·oviding between the sheath nod the ground 

5 n path 1' of very h igh ohmic reHistnnco or one 
contftinlng a solr-ind uction <.'OilS properly do
termini)(\ with respect to ~he ·e~lstlng CO:ltli
.ioM so that it will e!l'ect the descril.led re· 
sull, or a condenser or very small capncity s.s 

•o shown at R. In such cases tbe sheathing or 
screen for- practical purposes m11y bo regard
ed ns isolated from t he ;:round, since by the 
chamcter ot the connection employed no ap
preciable loss results from tho pnss.~gc or cur-

'S rent from tbe sheath to tbe ::rouml. 
No particular pl,:in or construction uooo be 

followed In ml\king up this conductor, and no 
speci1\l materials or tho sevnr~l kinds nnmocl 
need l.lo used; the general COII5trnotion and 

S> chnractcr of the conductor, II part from the 
parlloular f911lu res hon:in described, bcingPn· 
tlroly well understood· by thO!;e skilled in the 
lrt. 

• 

• 

What I clAim is-
1. A conductor for electric circuits, com- 25 

posed of n wlro for carrying tho ClliTeut, an · 
iosulnte-d contingorcovuring nnll1\ surround
ing conducting slrcath or screen cli1·id~cl intc> 
insulatod sootion6, as set forth. 

2. A oouuuct.(lr for electric circuitn, COlO' 30 
posed of u wire for carrying the current, n 
coating orcoverlcgof insnlntins ml\torinland 
a surrounding conductio_g shoath o~ ocree" 
divided into iusulatcd section~. tho cuds or 
which overl11p, as sot forth·. 35 

a. 'J'ho combination of a wire or conductor 
for cocvoylog electric cu rrents, an insula ted 
coatln1: or covering therefor, a conducting 
sheath o r screen surrounding tho in~nlatiog 
coating and a connection between !lllid shonth- 4" 
ing anti tbu ground containiu~,: n contlonscr 
or very small CApa_oity or itsi)(Jnh•Rioot.. 

NIKOLA 'l'I£SLA. 
Witnesses: 

EIL'IEST IIOPKINSOX, 
P AllKER W. PAGE. 
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UNITED STATES PATENT OFFICE. 

Nll<OJ,A TESLA, OF NEW YORK, N. Y 

COI L FOR ELECTRO·MAONETS: 

SPECIFICATION forming part of Lettero Patent No. M2,S40, dated Januaey 9, 1894. 

Applicatloc ilea 1cb 7,18&3. !e.rW lio. 119.804.. t'!io modl\.l 

To aU whom it may con.arn: 
Be it known that I, NIKOLA TESLA,a citizen 

or tho United States, residing at Now York, 
in tbe county nod State or New Yo•·k, hiiVO In·. 

s vented certain new and usofultmprovements 
in Coils for Electro-Magn.9tS and other Appa
ratn~,or wb:cb tbe following isaspecification, 
re!erenco boiog bad to tho drawings accompa· 
uyil'g a•J•l form ing a part or the SlltDe. 

ro In el~ctric apparatus or systems in which 
:tlt&ro&ling currents ore employed tho self
\'::dnction of tho coils or conductor$ may,and, 
in !a~:., i!l many case~ does opera to disadvan· 
t.1geoualy by giving rise (o falso cu rrents 

15 which often ~ducewhnt is known as the com· 
!lllli'C!nl efficiency or the apparatus composing 
tlHl system or opernto detrimentally in !'I her 
respect.~. Tbocffecr.sof self-induction, abo,·e 
rofarrod to, aro kno<rn to be neutra\iz.ed hy 

:o !H'Oportioni!lg to :,1 proper degree the capacity 
of t he circuit with relfll ion to tbe self-induc
tion nod frequency of the currents. Tbis has 
been accomplisbed heretofore by tho use or 
condensers constructed and applied as sepa· 

z s rota instruments. 
1\iy presGoL invention has for its object to 

rn·oid the employment of condensers "'!lich 
ero expensive, cumbor>YJmo and di!dcult to 
ll!ainta:n in psr·!e<'~ condition, and to so con-

s» stru<:t the coi!Jl tbomselve~ M to nccoropli&h 
u,., same ultimate obj~ct. 

I would her;> stntu t hnt by tbe term coila I 
desire to indnde generaliy hel\ce~,aoleooids, 
or, in f~>ct., any cccductor. the different parts 

35 or !Vb!ch by thE> requirements of irs applicn·· 
tiou o r use aro brought iuto such rah•t!ons 
with each other as to mntorinl!y increose the 
eelr-inductlon. 

l havo found thl\t in every coil there axis~ 
40 a. ccrU:io relation between its self·ioduction 

nod e~~pecity t!lnt permits n current or giveu 
frequency nod potential to pass through it 
,.i~b no other opposition tbau Lbnt of ohmic 
>'Ceistnncs, or, iu other words, ns though it pos-

4 s sassed no self-induction. 'rhis iB due to the 
mutw.l relationG existing bot ween the special 
cbaractel' ·.>f t!Jo current and tbe self-induc
tion and capacity of the coi~, t be latter qnan
ti~ being just capable or neutralizing tho 

so s~lf-indilction !or that frequency. It is well· 
known that tho higher the frequency or po· 
tontis l dii!erenc& or tho current tho smaller 

the Cllpacity required to counteract the self· 
Induction; hence, in aoy coil, however small 
the capacity, it rony be sufficieot for the pur: SS 
pose stated if t he proper conditions io other 
respects be secured. In theordiuary coils the 
difference of potential betw&eo adjaceo: turns 
.or spires is very small, so that while they are 
in a sense condensers, they possess but very 6o 
small capacity nod tbe r~latious betwoen the 
.two quantities, self-induction nod capacity, 
11re not such as under any ordinary condi
lioos satisfy the rc, uiremeots herein contem
plated, becauSO' the cnpo.city relatively to the 6~ 
solf-indnctioo is very smnll. 

In ordor to attain my object nod Jo properly 
increase the capacity of any given coil, I wind 
it in such way ae to secu re a greater dil!'er· 

.enco of potential betwoon its a.dj&t'..eot ttuna 70 
or convolutions, and since tho energy s tored 
in the coil-,coooidering the latter as ll con· 
denser, is proportionate to tbe I!<J.Dare Of tho 
pot.eoti11l difference between its adjacent coo· 
o:olntioos, it is evident that I rosy io t his way 7 5 
securo by a proper dispooitioo of these con
volutions a greatly increased. capacity' for a 
gi7en increase in pot.eotial difference'between 
the turns. 

I btwe illustra!oo diagrammatically in the s~ 
nccorQpanying drawings tho general nature 
of tba plr.n which I adopt for carrying opt 
tbi.q iuvootion. 

·Figuro·l is a diagram of a coil wound io 
tho ordinary manner. Fig. 2 is a diagram of 85 
a ~vindiog designed to RCCnre the ohject.s or 
q,y ino:entioo. 

J..et A, Fig. 1, desigMto noy giveo coil tbe 
spires or convolutions of which are wouri3 
upon aud lnsulatc,d from ~.a.ch othor. Let it go 
bo Msuroed tb&t the torrninals of tills coil 
eho'v a pot.ectiRI ditrorence or one hundred 
\'Olts, and tbRt tbcro are one thousand coo· 
o:olutions; tber(considNing any t"'o con tigu· 
ous points ou adjacont convolutions let it be 95 
assumU\1 th11t thoro will t>xist betwec·n them a 
potential dilTerooc.eol ooo-teotb o! a volt. It 
now, os sbown in l~ig. 2, a conductor B be 
wound parallel with t he conductor A and in· 
sulated from it, and tbeendoC A beconoeeted 100 

with the stl\rting point ol D, tbe aggregate 
·leogtb ol t he two condncto!'S being eucb tb11t 
tbe assumed uumber of convolutions or turns 
~ ~.be same, vl3., one thollllSnd, then the po-
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tential ditfereoc\l betweeu nny ~·~ a<1jaceqt 
points In A and 13 wlll be tif'ty volts, and a.s 
the capacity effect is proportionate to t.he 
square of f.bis diti'orE>nco, the ·energy storod 

s in the coil aa a whole will rrow be two hnn
.dred and fifty thou!l<'\nd AS. grOAt: FollOT1· 
iug out this principle, I may \vind aqy_glvon 
eoil either In wholo or io part, not'only In 
the specific ruanuor herein illustrated, bti.t 

:o in a great variety of WIIYS, well:known In the 
art, so as to secure bot weAn adjac<~nt coovo
lutioos such potential difference a.q will give 
the proper caru~eity to nentralir.e the f!Oif·iO· 
doction for noy given curl'ent that may be 

15 empbyed. Capacity secured in this panicu· 
lar way posso!<SOS nu ndditional advaotago iu 
that it Is evenly distributed, a consideralioo 
o! the~rrentcst importance in m .. uy.cases, nod 
the resultl',IJoth a..~ to efficiency nod economy, 

•o are tbe more readily and easily obtained us 
the size of the coi\!10 the potenlial difference, 
6r frequllncy of tho currents Me iocre.~sed. 
, <.'uils ~'Omfl(>i!o<l.of ind11p<1ndeut strands or 

cr.utluctors w<ouuu side bysidoan!lconuected 
15 in series :ue uet; ju them solves new, R.ocl I do 

uot regard a DlOI"O detailed description O( t.be 
~~&we na necessary. llnt heretofore, so far&<~ 
I aw aware, the ul.Jjects in view bavo.l>een Ocl· 
ao:~lially ditrer<;nt froon miue,and the results 

which I obtain c\·en if an incident to such 30 
form~ ot winding ha,·e not boen appreciated 
or taken n.d va uta go of. 

In c:~rryiug out my in vent ion .it is to be ob· 
~Gr\'ed that certain facts are woll under· 
stood by these skilled in the art, 7it: tbe re· 35 
!Mioos of capacity, Golf-induction, aud the 
frequency and poteutinl difference or the cor
rent. \\"hat capacity, therefore, in any givou 
case it is desiral.Jle to ol,>taio acd whatspecial 
winding \Viii secure it, are readily dote;·min· 40 
able from the other factors \vhich nre known 

Wha·t I claim M my iuventioc is-
1. A coil for electric apparatus the ndja· 

ent coovolnUous o·r \Vbich forw ps.rt.s of tbo 
circuit between which there exists u potsntial 45 
difference sullioloot to secure in the coil a e&· 
pacity Clllpable of contt·ulizing its self-induc
tion, M hereinbefore described. 

2. A coll"cornpo~d .of couliguous oradjs· 
cent insulated conductorB elect ricRIIY con: so 
ntoeted in series llrtd Ita viol> n pOtAotial dif· 
ference of such value as to give to Lbo coilns 
a whole, a capacitysufficion.; tv neutralize its 
se\C-iuductiou, 118 set forth. 

NIKOLA TESLA. 
\\'it neeses: 

RODT. F. GA YJ.ORD, 
f'ARK&R \V. l'AOE. 



P-430 

(l o Model. 1 
N. TESLA . 

• 
COIL FOR E·LEOTRO MAGNETS. 

No. 612,340 . 

"1~ht ... e<>:>~~<> 

~;..a.<:-/./1~ 
_,.11:4-H~ 

Patented Jan. 9, 1894. 
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APPARATUS FOR PRODUCING OZONE. 

SPECIFICATION formin~r part of Letters Patent No. 568.177, dated September 22, 1898. 

Applleat.io~ &led Jo.o.& 17, 1896. Strh.l No. 595,927. fWo modd..l 

To all whom i t may con.ccn•: 
lle it known that I, NIKOLA TF..SJ.A, a citi· 

zen of the United States, r~siding nt New 
York, in the eounty nn•l Stnte of New York, 

s luwe invented cQrtnin new nnd useful Im
provements in ApparaLu$ for Producing 
Ozone, of which the following is n spccific.'l
tion, reference being hnd tc t-he drawings ac
compan~ing and forming n part of t.hc same. 

10 The invent-ion subject of my present appli
cation has pritUarily as its object to provido 
n simple, cheap, and efl'ecth·e apparatus for 
the production of ozone or such gases as are 
oblained by the action of h igh-tension clcc-

' 5 trical discharges, nllhough in the applicntion 
to such purposes of the apparatus heretofore. 
invented by me and designed for t-he produc
tion of electric currents of high frequency and 
potenti11l I have made certnin i mprovements 

•~ in such apparatus itself which are novel and 
useful in other and more general applications 
of the sa me. I have heretofore Sl1own and d~
scribcd, notably in Paten ts No. 462,418, dated 
No,·embcr 3, 1801, and No. 454,622, dated 

•s June 23, 1891, nn apparatus devised for tho 
purpose of converting and supplying clec
t.rical energy iu a form suited fot· the produc
tion of certain novel electrieal phenomena 
which req~ire cUJ·rents of higher fl-cquency 

30 and potential than can readily or even possi
bly be dtweloped by generators of the ordi
nary ty~ or by such mechauical appliances 
I(S were {\i.cretofore known. 'J'his nl•pnrat us 
invoh•cd me.'\ns for utilizing the intm·mittent 

35 or oscillating discharge of the accumulated 
electrical energy of n condense•· or a circuit 
possessing capacity iu what mny be desig
nated tho "working" circuit or thnt which 
contains the translating <Je,•iccs or menus for 

~o utilizing such currents. In my present im
provement I h1we u tilized appliances of this 
general chnrnctet· under couditions and in 
combinat-ion with cert<t,in instJ·nmcnl.'\litics, 
horcinnfterdcscribcd, whi~h enaulc 11\C tv pro-

45 . duce, without <.liOlculty nnd nt very slight ex
pense, 07.0110 in nuy desiJ"ed quantities. r 
would state the nppnratus which I have de
vised for this purpose is capa!Jlc of other and 
highly importnnt uses of a similnt· untnre, 

~o but fo1· purposes of tho present case I deem 
it sufficient to d~scribe its operation 111al cf· 

feet;, when used fo1· the purpose of gcnemt· 
ing ozone. 

In the accompanyingdrnll"ings., illustrnth·c 
of the ~winciplc of construction "!ld mode of 55 

. operation oC my 1mprovcment, Ftgnre 1 is a 
diagrammatic illustmtiOn Of the iD\'enlion; 
and 1-'ig. 2, a view, p11rtly in ~ide clc\·atiou 
and part-ly in section, of tJ1e nppMntus ns I 
construct it for prnctical usc. 6o 

The dc,·icc hereinafter described is espe
cially designed for direct application to and 
use with existing ci rcuits carrying direct cur
rents, such as the on,lina.ry municipal iuean· 
desccnt·light iug circuits. 65 

· I..ct A B designate t he terminals from any 
given circuit of th is character. In such cir
cuit I connect up nn electromagnetic ruot.or 
C in any of the usual ways. That is tc say, 
the coils of the fi el<l and armature m11y be in 7o 
sc1·ics o r derivatiou or wholly independent, 
and eithct· or both are connected up in the 
circui t. In the present instance one termi
nal, as 13, is couuecfed tc one of the bindin~
!IOSts, from which the circuit is l~d through 7 5 
one field-coil, D, t-he brushes and commutntc•· 
E, tbo other field-coil, F, and thence to a 
brush G, which t·ests upon a circuit-controller 
H, consisting in general of a conducting disk 
or cylinder with insulntin~-sections in its pe- So 
•·iphcry. The other ternunal, as A, connects 
with a second brush K, bearing on the con
troller, so that the current whieh passes 
through and operates tho motor is period
icnlly in temtpted. For this reasou the iron Ss 
cores of the motot· should be laminated. 
At·otmd t.hc controller is foro10d a c ircuit of 
low self- induction, which includes a con
denser Land the primary M of a t-ransformer. 
The circuit including tbc motor is of rein- 9o 
tivcly high self-induction, and this property 
is imparted tc it by the coils of the motor, 01·, 
when these arc not sunicient, by the addiHon 
of suitable choking-coils, so that at each 
break of tho mot.or-circuit n current of high 95 
electromotive force will b~ d~veloped for · 
charging tbe condenser, which may therefore 
be small and incxpcnsiYe. The condenser 
discharges through the circuit which is com
pleted througl.J the ln·ushcs G R: and the con- 1oo 
troller II, nud since the self-induction of this 
ci t•cmt, as well as tho capacity of · the con-
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uenser itself, mny be· given ,practicnlly any 
desired ,-aluo the frequency of the disehargo
current mny be Adjusted at will. '!'he poten
tial of the high-frequency discl•arge-current 

s is raised by a secondary coil N in induct.i1·e 
relation to the primary 111. The conduct.Ors 
of such secoll(lary cii'Cult nre connected to 
two insulated conductiilg-plntcs l' 1', and 
when the apparatus is i:>. o~ratiou a dis-

to charge in the form of streams will be main
tained ix'twccn surh plates, as indicnted by 
the wn1·ylincs in tho ligures. It air be forced 
bct1vecn the plates P dnring this <liscluu-ge, 
the effcct.il·eness of the appamtus is inc•-cased 

15 and ozone is generated in lnrge qwwtities. 
In order to secure this result, I inclose the 
said plates P P in a casing R of any pl'Oper 
<lescriplion, through which n. current of air 
is muintaincd by " fan S, mountocl on the 

20 shaft of the motor. 
This apparatus may be constructed and 

combined in ,-cry compnct form and smnll 
compass. Its opcrntion in1·oh·es but a small 
expenditure ot energy, while it rcc1uires pt-ac-

25 tically no cat'C or ntteution for the continued 
pt·O<lnction of ozone in unlimited amount. 

What I claim as my invention is-
1. Tho combiMUon with a circuit of direN 

currents, of a conkolle•· for~nnking and brenk-
JO ingthes:uuo, n motor included in or connected 

with snid circuit so as to increnso it.s scl!-in
tluction, and drivin;; the snid contro11or, n 
condenser in n circuit :u·ounu t-he controllet-. 
ntu.l a tt·Ansfm·mcr through the primal'y of 

35 which the condenser <lischnt·gcs, "''set fot·th. 
!?. 'l'ho combination with a circuitof<1h·oct 

currents, of ncontroller formnkingand break
ing the snme, n. scl'ies·wouncl motor having 
its coils inclmletl in snicl cil-cnit nnd driving 

1o the -snid conlrollei·, a condense•· connected 
with tho circuit around the point of interrup
tion t-herein, and a tmnsformcr, the primary 
of which is iu the discharge-circuit of Ute 
condenser, as set forth. 

45 a. A device foqn'Otl ncing ozone ciJmprising 
in combin~ttiou, stuofr.ccs betwe~n which au 

• 

eleCtriCAl cllscharge takes plnce, a tn\n~formcr 
for producing tho potential necessMy for such 
discharge, c condenser in the primary eh'Cuit 
of the transformer,~ char<.,:ing-circuit, means p" 
for chnr"ing the condenser by such circuit 
nud discharging it. tht'Ough ·the primnry or 

. the tntnsfonuer, nod a device for mnintnin-
iug a current of 11ir between the dischm·ge-
sUt·faces, ns set forth. 5~ 

4. Ade1·ico for producingo~,onecomprisin~ 
in combiuntiou, Knrtac~s between whit'la nn 
electrical discharge takes plBCe, a tntnsformer 
for producing the potentinluecessn•,•forsnch 
dischnrgc, n condenser in t-ho pdmnry cii'Cu it 6o 
of the transformer, a chat-ging-cireuit, tucans 
for cha1-ging tho condenser by Ruch circuit 
antl <lischnrging it. throu~h tho prill1nry of 
t.h& trnusformcr, a moto•· opet'tltcd · by tho 
chnrgiug-circuit, nnd n device opcntted there- 6s 
by for mniutaining a current <'f nir between 
the discho.rge-snrfnccs, n$ sot forth. 

5. A de1·ico for pt•od ucing o~ono comprising 
in combinnt.ion, surfaces between which nn 
electricnldischargctakes plncc,n tt·o.nsformer 70 

. for pt'Od ucing tho potcutinl itcccss•u·y for such 
clisrltqrgc, n condenser in the primary circuit 
of the trnnsfprmer, _ n charging-circuit, a cil·
cnit-contt·ollet· effecting the charging nnd clis
chnt-ging of tho condenser, nnd a fnu-motot· 7; 
connected with lite chnrging-<!ircnit nnd O!>
ornting the cit'Cilit-contt-ollct· nntl adapted to 
tnllintain a CliiTcnt· of nil· between the clis
chargc·surfac~s, ns set forth. 

6. A device fol' tn-oducing or.onccomprising 8o 
in combinn.tion, means fo,. chnrging a COli· 
denser, n circn it of low self-induction nud rc

_siiltanc~ inlv "hkh the conclenscnllschm·ges, 
n coil for l'llising the potcnti:tl of such <li~
duu·ge, an<l means for pass:iug n current of 85 
Kir through the high-potentinl dischat·go, ns 
set forth . 

NlKOLA TESLA. 

Wit llCSSC~: 
DRl"RY W. Cot"ol'£1:. 
M. l.J .. wsvs D \' EK . • 
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UNITED ·STATES PATENT OFFICE • . 

NH\OT,A TESLA, OF NEW VORK, N. Y 

MANUC:ACTURE Or GL ECTRICAL CONOfC:NSEP.S, COILS, &o. 

IIP:BOil'ICI..TION form.Ln.r part of Le"'= :!'Uent lia. 67?,071, 4atod F<>lmlary 2!:, 1897. 

Appne.d .. 11>• ,...,. ..... e,lSPS. Su'.al J o. eu.ne. llo ...&l..l 

To aU wlu;m it may con.ceno.. 
Be It known tb&t I, NIKOLA TllSLA, a ci~i· 

•eo of ~ho United Stat.oa,Nllll<liog"t New York, 
lo tbo county and St.:lto of Now Yorlc, bn"o 

; In vented certain new and useful lmpro9e· 
me:tt<lln tbo Manufacture of Electrical Con· 
donsers, Coils, aod Similar Devices, or which 
tbo folio.., in!( is a spccificatioo, roferenco be· 
log bad to the drawing which I\OCOmpnci'lS 

•o "od forms a part of tlle snme. 
My invention is an improvemootin the rn,.n. 

ufaetore of electrice.l condeosors, Nil!, end 
oth~ r do vices of a similar c!JaraClor io wbich 
<'Onductora designed to form pnth• for cur. 

•s rente or higb po~ntial are !Jrougbtlntoclose 
proximity witb ench other. Among such de· 
vices arc included IDRIIY fortus or C(Jnd~n$e rs. 
trl\nsforwers, solf·induct.ion coil~. rhcostal", 
and tbo liko. 

•o I t hnsl1erotofore booo show a !Jy me thnt llHl 
emcieocy and practicability of ouch devices 
llre very greatly ~>obanced h; tbo exclusion 
or air or gM from tho dieloctric separating 
tbe conducLors o r remoto portions of tbe snme 

•S conductor; and the object·of my present iln· 

r.ro•·emont i~ to secure sucb exclusion of air 
n aa perfect n manner ns po&!lblo in "con· 

vonleot and practicable w&y., 'J'o this end I 
place t~o condenser or oLbor d&\'ice to be 

}O treated in 11 recoptnde from which the air 
may bo o>oro or le•s perfectly oxbansWd,Rnd 
while in \'1\CUutn I introduce ao insulntiog 
aobstancci, wbicb liquefies wh~>n subjected to 
!lest, tiucb ns p:~ra!llo, which surrounds the 

JS Mid devico aod finds its "ay Into ita later· 
aticea. 

Wbcn tbo deovico bas become thoroughly 
aatnrRted "·ith the insulating mAterial, it. is 
allowed to cool oft usually until tbe material 

, o begins to uolldi fy. Air is then admitted un· 
dor pressure to the receptnclo ~.ootnining the 
devico and tbe pressure mnintnln!ld until the 
\Vholo mass or insulating material hAS solidi· 
fled. lly this treatment tho prosouco of 1\ir 

• S or vacuous BpiiCea in the dielectrir, which nre 
ot.berwi&e liable to form b; tho contrsction 
of tbo lnsnlatlog material wben cooling, is 
proven ted. 
· Any pii\J! fUllY befollowl'd or apparatus used 

so for 1100oring tbe t<VO conditions necessary to 
l.he attainment of tho de81rod l"lf)Olt, tbat is 
to aay, np;>lylog tho Oc!d ltteolatlng material 

:o vaeuom nod sobseqoentJycnbjoetlcg it to 
or solidi fying It a ne'er pressure. Tbedegreo 
of exb&n&tloo or of pressure may ,·ary, nry 55 

.good ~ulte being socurcd by 1\ vacuum of 
about tweoty·nlne inches end a prassuro or 
1\bcntono boudred pooncls. It may bcst~cd, 
however, that wheo hydraulic preSGul'll is ap· 
plied very much higher pressures aro readily 6o 
Aeenred nod are of advant.lge. 

ll) order to fncilitato tbeCArrylngoutof the 
process, I bave devi~ed a simple and useful 
nppuatus, "hich is illustraWd pnrtly In sec
tion in the nccompAnJ;og drn•ving. As tho 65 
pllrls or M id 8p(l3ratu• nre all or WCII·known 
constrocuon, the apparetu~ n~ n rrltole will 
be folly nnderetood witbont n full descrip· 
tion of !I.:! dct~<ils. 

A is n tank or receptacle that 111ny be closed 70 
t1i1·· tight. Within tbis l.ank i• n 8LOII111·COII 
C, surrounding a vo.">Sel ll, preferably with 
sti,;:htty.alopinc side., and provided ••ith " 
tuoo or pipeD, openi11g icto it near ill hMe. 

Tbecondeoserorot.herdco;!ce to be trenLed 75 
is placed ln llie \'essel B, dnd ar:~nnd there
certnclo i' (lACked a soitabiG in~ulating ma· 
terh•l in quautity sufficient when lil}ncfled by 
bent to flow through tho pipo !) into t.bo V68· 
sol llnnd fill the space io tho latter up to the So 
top Of the c<lndenser or ol her device plnced 
therein. 

It is dosirnble to 1·nu iuto the pipeD enough 
mclt.od mAterial to till it !Jcforo using tho np· 
parl\tn$ and to rnnko tho pipe of R poor bent,. Bs 
conductintt material, so tbnt n I!Lilo limo will 
elApse after tho heat Is ap1•lied to melt the 
matl'rlal in ~he tank A be(o~ tiiP no ... through 
the pipe begins 

When the apparntus h3!> been thus pre· 90 
pRred, ~be air from tho interior or tbe tnnk A 
Is wit!Jdrnwu 38 c6mpletely as practicable by 
no nir·pnmp E Rod ste11m is pas~ed throu~h tb~ 
coli C. In order to pre,·ent nccess of noy of 
the volaute constituents or tha iosnlaUug ma- · 9; 
wrlnl to ~be pump, 11.condensor r·, wlth n cool· 
h>g·ooll G,ls Interposed In thb piping between 
the tank and pomp. Afll.lr a parUal \'&eo om 
bas been 1100ured in the t:lnk A and tho lique· . 
lied insolating materilll bBS been ron into l.he '"" 
\'es9el B ~be pump may be stopped llDd tbc 
tank conoecte<l witb a receiver H. from wblch 
the ai r bi\S beoo exbaosted, &oc! the Appam-
tc:J nllowed to a!.and notil11ll tbo lntersticeg 
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• 
of the condenser have beep permeated with 
tho insulating materiaL The •team Is then 
shut ott and cold water passed through the 
roil C. The connections with the pump are 

s then reversed nod air is forced into the tank 
and Tl'ceivcr Hand the furthar cooling nod 
solidificl\tion of the i!lsulatin~: material car
riPd on under n pressure col'sidorably J:'reater 
than lhM of the 1\tmo.~phere. After the in-

IO sulatinn materinl bas cooled and solidified 
the condenser or other davice, with the adher
ing mass of insull\ling mnterial, is removed 
from tha rcceptncle nnd tho superfluous in
sulating mllt.erial taken alt. 

• ~ I ht\VG foimd thatcondensor!l; trnnsformers, 
and slmilnr nppnratus treated by this proc· 
ess oro of very superior quality and espe· 
cially suited for circuits which com·ey cur· 
rents of higl1 f•·r.quency and potential·. 

:o I nm nwaro tbnt conductors covered· with o 
1no~ or less porous ml\teril\1 hl\ve been traated 
by placing them In a closed receptl\cle, ex
hausting tho air frow the ~ept.~cle, then In· 
troducln:;a fluid insulating oompouu<l and 

•s aubjcct.ing the samo to pre•surc, for tho pur
pose of 1110r0 perfectly incoq>ora~ing the in
sulating compound with t.hc surrounding 
coating or covering of tho con<lu~tora and 
causing f:lnch compound to enter t.ho intol'~ 

30 stices in· sa.id covering, and I apply this prin· 
clple o! exhausting tho air and Introducing 
th& fluid insubtiug compound under JU·ca
eoro In carrying out my impJ·ovemcnt. My 

pro<>.ess, however, ditters from the fo~goiog 
mainly In this, lha~ I seek not only to fill the 35 
pores of any porous material that may be in· 
tor posed betwee.n the conductors of such a 

·device as a .condenser or coil, bot to fill up 
all the spaces in tho dielectriC, wbercby air or 
vl\cuoos spaces, the presenco of ·which in tho 4o 
dielectric is so deleterious to the device, may 
be ell'ectua!ly prevented. To this end I per
mit the insulating compound after its incor· 
poration with the ,dev!co, under exhaustion 
and prossure, to cool a.nd solidify, ao .that not 45 
only is the nir replaced by a soli.d insulating 
compound, but the formation of vncuous 
spaces by the cont·rncUon of tho mass on cool· 
ing prevented. 
' Whati.imis- s• 

The iwpro,·cmcnt in the mnnufncturo of · 
cloct.riclll devices such as condensers, which 
conslste in iuclosing the doviqe in no air-tight 
receptacle, exh,.usting the air from tho rc· 
ceptAcle, introduciog int.o n V<Hisol containing ~.:; 
the device an insulating material rendered 
Huid by bent, and t!Jen when snld material 
has permeated the intel'$tlces of the said do· 
vice, subjecting the wbolo to proastne, and · 
maintaining sucb pressurcuutil the material 6' 
hns coolAcl and solidified, us set forth. 

N!KOJ,A 'J.'ESLA. 

Witnesses: 
]>(. J , AlJSON DYER, 
l'ARKv:n \V. PAOR. 

' 
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u N ITED . STATES pATENT O FFICE. 

NJKOLA TESLA, OF NEW YORK. N. Y 

EL ECTRICAL IGN ITER FOR OAS · ENOIN ES 

SP:&CIPIOATION Carmine p~ of l.ettera Patent No. 809,260, elated A~>gutl Ul, 18Q8. 

A;;llcatlo Cd FotrurJ 17, IU7. lk:o-.i I to U,IIU. S..W Wo. IU,$U. <Io ::.o4ol.l 

To o,U whmn ct nvty co~ta,.,. · 
ne it known thnt I,~ !KOLA T£SLA, a Clli7.en 

of the Unit.ed States, rc~idiog At 1\cw York, 
lo tbe county aod SL!lt.e or New York, ha,·e in· 

; ' 'cured certnin new nod useful Improvements 
In Electrical Igniters for Gas· Engines and 
Analogous l'urpose.s, of wbic!J the following 
is~ opeciticslion, refe1•eoco boin;; bnd to tho 
drawing nccomr•anyiog aud formlol!a part of 

•o thCl snme. 
lo ccrl.l\in kinds of app:untos IL is oeee.;· 

sary for tho operation or tbe machine itself 
or for el'fecting the object Cor wblch it is used 
to flrod uce an electric spark or 4ny other simi· 

• s 11\r loci\ I efle~ at a given ioaL!lnt of tiroe or 
tU predetermined intervals. For example, io 
certllln gas· or e•nlo~ive engines a flame or 
spark Is necessary for tho l~oltlon of an ex· 
ploaivo mixture of air and gas uoder the pis· 

•o ton, nnd tho' mo~t etr~ctivo way of igoitio~; 
tho g:.seous mixture has beeo !ouod t.o be thd 
production in the cyliodor at the proper mo· 
men~ of ao electric spark. Tbo only prac· 
ticllblo device by wb icb this bas been accom· 

•s plishe<l boretoforc is an ioductlon·coil corn· 
prlsiog a primary ancl aecood~~ry circuit witb 
"buzzer or rApidly-actio:; autorol\tlc c:rcuit
IJreaJ.:er in the priro11ry nod 11 clrcuit·cootrol· 
lor, euch 1\S a switch or commutator. located 

30 Also In tho primury or IJatt&ry ci1-euit and op· 
orat-ed by some modog portion or tbe appa.. 
ratus to temporarily close aucb clrcu1t'at the 
pro~r _time, Rod thereby set In operation tbe 
a otomatlc circuit--breaker, wbocb CAu&es be· 

JS t•·een secon<lary terminals in lbe cyhoder tbe 
discbar::o wb1ch is necessary for tho proper 
Ignition or the explosive mixture lnstsad 
ot thus temporarily closin~ tbo primnry cir· 
cull the t>utomfttic circuit·brcnker might be 

•" permitted to opcrato continuously, and the 
secondnry. circuit normnl ly broken, LOigM be 
clo~od at tbo proper tim~ to CAuse tbo a perk 
to pnl':l nt nny point.. In either CABO tbo eru· 
ployrocnt of" quick ocring circuit· breAker is 

45 oeceSSIIry, !or no less tho lnuucllon·coil be of 
largo sit.e ;uuJ t.ho S<JtH"Ce of corrent ut con. 
• lcl erablc (>0\\Cr :1 slo.o or GT3du.<~l wake and 
break of the prim,.ryof" sunplotl'3osf:~rmer, 
aoch n.o wouiJ ordin~~rlly l;e o!fccte<l lly a 

so awl tell or ~-omu•uL!ltor, would not otrect a dis· 
Obat"!;O or tho charnctor oec~•s~<ry ror tho 
proper Igni tion of tbll gas 

T bore lo. ho;,evor. no form or <lbr&Uog or 

quick-acting clrcolt.-oreal:er of wb lch I am 
a><are thftl cuo be depended opoo to operate 55 
'"itb cortalotr to produce socb a apark or 
wbich will contloae teO opera to for any length 
or time without deterioratloo, and beoce not 
only in tbo enao of engines of tbo kind de· 
scribed. iwtln otber forms of s pporntus which 6o 
in volvo rbe use of a bi~h·teMion loductioo· 
coil with n quick·c>ctiog circuit-breaker, tbe 
operntion of the mm:hine is contlngeot upoo 
the proper operation of a comp:~rnth·oly Ia· 
significaot but tsseotial part.. 6s 
Th~ object or my invention I~ to pro,· ide r. 

more c~rtaio nnd s"liefactory 1ocnus for use 
with 11nd control by such m11chioes or a11pn· 
I'ALUS as 1 bave oneotioned for producing 
sparks Or di$ChArgos or tho dMired Chl\rll.cler, 70 
and to r.ltls end l employ tho followiug ar· 
raogeonent A11y suitnblo moving porUoo of 
U>e apparatus is cnused to mecbl\oiCAlly con· 
trol tue chM-ging of n condenser and Its dis· 
charge through n circu>t in inductive relation 7S 
to a $8COoda1·y circuit leAdiog to the tcrmt· 
oRis between "bleb tho discnarge is to O<.Ca·r, 
so that at tho desired i ntcrv~ls t he condenser 
lnRY bo discb~~rged through itS <.ircuit and in· 
duce In tbe other circuit-" current of higb po. So 
'entiat •hlch nrodnc~s the desir·ed spark or 
discharge. 

One practoco.l means of accumpllijbing this 
is to oonpiQy aoy proper form of switch or 
commutAtor operated d~rectly or tbrougb Ss 
aoiL!lble lorermediat.o devices by a movlog 
pRrt Of tbe 3pp&ratllS and \Vhicb Is CAUBed
tocomplcle ao electric circuit whlcb bas been 
provloosly brokeo or mterrupted for an ap· 
preciable time whcr. the occorrenco or tho 90 
spArk or discharge i• necessary. Tbecircult. 
thus closed loeln<lea " conden!ler, ,.h lcb by 
thie operntion of the switch i~ pcrmltt.ed, to 
discharge, t!trougb the prim~• y of n t raOS· 
former, onergy which It had p•·oviously re· 9S 
cei\'ed durlog the iotorruptioo of said olrcult 
from 1\ bAttery Or <!ISchArge or II oel f·indoe· 
tlon coli In series witb the bAttery In tbe 
cuargi os -cl rcui t.. 

The eoda of lhb 4econc!Ary corcu1t of Lhe 100 
trn~t~lorroer abc••e meotioood nre eonoect.ed 
with tbo pointS or terminRls rn the maebine 
betweoo wblch tbe epMk is to pass, and ~OI· 
lowlog tbe short-ci rcuiting of t he condeoacr 
by tho closlog of tbe s<Titcb 11 strong socond· ros 
ary dlecbnr~ro Induce<} bv tho discharge of tbe 



condenser th rongh the primary will occnr. 
H is possible by Lhi~ means not only to pro· 
duce " strong discharge or high tension, as 
in tbe form of n spark well Ailapted for the 

s ignition of gas or other pu rposes for which 
spllrk~ nre em rloyed, but to secure such ro· 
s uit by apparatus vc:1·y much less complicated 
and ~xpensivo t hau that heretofore employed 
for the pu1·pos" and which will uc caps;ble 

rt> o f cert>tin and effecti\-e operation for no in· 
dc;finito pcr.lod or time. 

I hAvo illustrated the pl"iuciple or my im· 
provement. ancl tho utA.n ne r in which the Sf\tne 
is or tnay Uo <'arl'ied out irlt.he drnr.iog hereto 

15 annexed. The invention is shown M used 
for effecting tho operntion of the piston of a 
:::nc;-euginc, alto riguro being: a diagram. 

A designates the cylinder of a gs;s.eop:ioe, 
13 the pi•too, and CJ the pi~ton-rocl. Other 

'" parts of the engine are omitted from the ill us· 
trntiou :15 unneccssnry to an uoderstl\ndiilg 
of the io,·cnlion. 

On the pistoo·rod C i~ a commutator or cir· 
cuit·controlle r upon wl)ich be~~r tho torruinnls 

' s "u of an electric circuit !J. Tbi!r commota-· 
tor comprises a continuous ring c And 11 split 
ring tl side by side, so that when the te rmi· 
nals arc on the latter tho circuit is. inter· 
rupteu, but -.·hen on the former iL is closed. 

J O The to·anu-fro movement or the piston, there· 
f01·e, opemt·e8 to alternately make aud urel\k 
the circuit, the po•itiou of the commutator 
bei ng ;,uch thnt the make occurs Ill the mo· 
ment desired for the ig nition or the oxplosi\·o 

35 ch1u-ge under t.he piston. 
In the. circuit D is 11 bl\ttery or other source 

of current I<: and the pl"imi\Ty J..' of n trans· 
former. · Across t he two conductors or the 
c ircuit, between tho battery a nil the prim My 

40 F, is a condensr1· G, which is charged by the 
batt ery when ci rcuit D is int.errupt~d nt the 
comm utator ancl whieh· dischArges through 
t.ht> priniRry " ·hen s ncb circuit is closed. 

In orde1· t.hnt the condenser may receive 1\. 
45 chnrge or high tension, a self-induction coi.l 

If is introduced in the circuit between Itself 
a nd tho bnttery, which coil ~tares up the en· 
CI"J!Y or the bi\Uery when the circuit D is 
clo.•ed 111 t ho commutator nnd dischl\rges It 

so in lo the condon•or when the circuit is broken. 
The primn~·y r is coml>ined with" second· 

nry !( , tho co111lnctors f rQill which lend , ro· 
spectively, to An insulJ\tetl t-crm inRl r, -n·ithin 
tho cylinder A and to Any olhcr con<lucting· 

55 OO<ly in the vi<:inity of s wch point ns to the 
cyli nder iteclf. Ia consequence 4)( this ,. ... 
I"Angelllcn t, '<hen t-he piston reRches \he 
proper point the circuit J.) ie clo.•ed, tho en
er;;y of the con~enser is dischArged throu;:h 

6o the prim•u·y with n sudden rush, and:> strong 
And effccth·o spark ot· flash is produced be· 
tweon tho pnint L nn<l the,cyliudcr or piston 
whieh i_gnitcs tho chtu~e of explosh·e ga~. 

It. will ho understood from tho precedin~ 
65 dcijcri ption thnt I do not li111it tnysclt to tho 

npocillc co.1struction or nrrnngement or the 
ilevlc~a e mployed in cnrryin;: out my lm· 
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provement ~od thAt tl1eso mny be ~1\ried 
within wide limits. 

What I claim is- · 70 
1. In 11n a pparatus which dependS Cor i ts 

oper8tion or effect upon the production or a 
suclden electric discharge at n given instant, 
or at predetermined iutervals ot t ime, tbo 
combination with n moving pa rt or Mid np· 75 
p~<ratus or 1\ ewitcb or commutator, a con· 
denser. a chArging. t:;rcuit !or the sn.nte. a 
primary circuit tbrouoh which the-rondens&r 
discharges, nud a Aecondary circuit in in· 
dnctive reiRtioo to tho said p.-i rn nry cirNit So 
andeonnected with the terruionls At the point 
in the 11pparntus " ·here tho dischn11:e ls re· 
qui red, :ho s'ritch or commutator being op· 
erated by the said moving par t to effect tho 
disehnrge·of the condenser at the propb~ iu· 85 
t•n·nh, ns sot forth. 

2. In nn appnrat us which depen<ls for its 
operation or effect n pon th~ production o r n 
sudden ~icctric discharge at a giHn instant, 
or At pr~d~t.ermincll inlermls of time, tho 90 
combinatiou with n Ulo.-in;: part <>f snid liP· 
pl\ratuS of n circuit and 1\ Ctrcuit·controller 
ndRptod to close said cic·cui t nt the time when 
the occurreuce or ~Aiel disch;u·ge i~ de~ired, a 
sou rcc or cu rrcn t in sni•l ci rc u i 1, a condenser 95 
ndApt.ecl to be chnrgecl by saiu source while 
the circuit i• interrupted, autla t c·ansformer 
through the prinmry or which tho condenser 
discharges ><hen the circnifis closed, the sec· 
ondary of the transformer being connected 100 

with the terminals nt the point in the IIppa· 
ratus wher~ tho dischArge is requi red, M set 
forth. 

3. In nn npp<~rl\tus which depends Cot its 
operAtion or effect upon the production of a o 105 

elect.ric di~chorgt, 1\t a ~iven instAnt, or 1\t 
predetcr~niued iot(lr\'als or time, t.he combi· 
nation with a movin:; part of sl\iil apparatus 
or a circuit and n ci rcn it-controller adnpte<l to 
clo~e said circuit at the time when the occur· 1 10 

renee ot the spark is desire<! , " sou1·c.o o f 
current in said circuit, 1\ self-indue ion coil 
~Vhich store.s t he oo~rgy ot the ~Olli'CO ><hile 
the ci rcuit is closed, 1\ conden sAr into which 
said coil d ischnrges when the circuit is broke n, 11 s 
and 1\ t ransformer through the primRry of 
which tha condenser dischMges, tho second· 
nry of said trans former beiug connected with 
sepllmtod tenniMls at tho poin t where the 
Uischnr:;:!O i~ J'eqnirc<l. n o 

4. In n;;as or explosive tuc;iut::vC the kind 
described, tho rombinntion with 1\ moving 
p~trt of saiu en,:ineor n circuit-close r or switch 
controlling tho chl\rl;ing and disohnrgin,; or 
:\ COodCn>er, Separated tennin~(S in the cyJin · I >S 
<ler or explosi\'e·ch:lmbcr, nml n trau~formcr 
through the pl'imnry of which t.he contl(\n!'er · 
discharges, Lh<" sccondR.ry being eonncctNl 
\Vi 1 h the tc.r m i 11 :lis i 11 t.l: e <' r llutlc 1", a~ set ( ol'1 h. 

NJKOI.A TF.SLA. 

WittiO..ci-RCS: 
M . LAWSON OYEU, 
EDWIN fl. HorKtSSQ:<. 
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To aU whom it m.ay concern: I which •s shown in this instance aa the beet 
n~ it known that r, XIKOI.A TY.SI..A, a citi· knlllnt propelling del-ice; bnt it will ba Wl• 

7.('11 nf the t :uited Stotes, rtsodi11g :u Kew de..,tood thRt other means may be employed. 
York, horou::h of Manhattan , county anrl .\ motor 10 is suitably mounted eo as to to 

s State nf Xew York, ha1·e in,·entCII certain tr:on~mit through wheel 11, by friction or 
m•11· und useful I mpro,·ements in Fountains, otherwise, power to the pulley or wheel 1. 
uf which the following i" a full, clear, and Openings 4 may he covered With removable 
cxaN deS<"ription. gtrniner;, and receptacles 1 may be provided 

It lo:os been custom:u·y hc•·ctofot·e in foun- with conl'enicnt connections, t·es~ctivelf, e1 
10 tains und aquarian displo.ys. to project for clcuning nnd renewing the liquod. H 18 

spouts, jet.~. o•· sprays of water from ~uitablc t hou::ht unnecessary to. show IJHlLSO ctt&eh· 
lixtu•·rs. cloi,•fh for rlccorative und bc.~utify· m•~ts in the drawing. 
iug purposes.· Jnvnri~bly, the quantit•· of The operation will be rearlily understood. 
the is.~umg fluid was •mall and the pleasing R<'Ceptaclc 1 bein<r filled to the/roper level 7 o 

IS imprcs.•ioo on the eye \\'IS solely the result ll'ith water or other fluid, an the power 
nf tll<' more or less utistic arrnngement of turned on. the propeller blades !I are set in 
tloe stt-c.•mlcts and ornaments employed. rotntion anu the fluid, drawn through the 
Tlw present in,·ention is a departure from openings <1, is lifted to the horimntal flared 
'"''" pmcticc in that it relies principally nut top of conduit 3 until it overllO\\'S in the 7S 

10 1111 I loc (:o,rinntiuj:! spcctaclr of n lnrge maSS form of U circular casc11de. 
n( fluid iu motion and the displuv of seem· · I n order to prevent the wetting of the 
inj!l,1· ~-:rent powe1·. Incidentnlly, 'it permits bearings of shtlft 5, tlie ccmnrl hub 2 of re· 
t he rcolizntwn of beautiful nnd striking oeptn'cle 1 is made to project above conduit 
•·ie11·s thr-oagh illuminntion nnd the dispo· 3. The latter is funnel shaped for rensons so 

2$ sition of ,·ofuminous cascndcs which, more· of C<'Onomy, and nlso for the purpose of re
unr, m~y be applied to useful purposes in ducin;r the-speed and securin~ a smooth and 
ways not practicable with the old and fa- el'rn o,·erflow. As the lift is mconsiderable, 
miliar de1•ices. These objects are accom· little power is needed to keep in motion a 
plished by the displacement of a great vol· grent volumt> of water and the impression 8~ 

so ume of 8uid with a relath·ely smalf u:pendi· produced on the observer is very striking. 
ture of energy in the production and mainte· With th~ ,·iew of still further economizing 
nnnce of a verit.:lble waterfall as distin· enerJ.!y, the bottom of receptn<·le I mnv bC 
~uished from n mero spout, jet or spray. shnprd ns indicated· by the dotted lines 12, 

The underlying idea of the invention cnn in Fig. 2 sons to incrensc the veloeity nL th~ w 
8& b~ rorried out by apparntus of widely varied inlnlfe of the propelle•·· 

dcsi::n, but in the p1·csent instance the sim· Tn ronvcy nn ide:i of the results obtain· 
plest fot·ms, of which I am awarG, nre showu able •<ith n ~mall npparatus, properly de
as emborlimcnts of the pl'inciple in1•olved. sil!ned, it mny be stated that by applying 

In the accompanying drawine, Figure 1 is only 1/25 of u horse-porrer to the sh>ft nnd !J.'J 
40 n top plan and Fig. 2 n vertical central sec- nssuming n lift of eighteen inches, morc 

tiona) view of nn appliance which I hnt·e thnn one hundred gallons per minute mny 
<lc1·iscd for the purpose. Fig. 3 and Fi~. 4 be propelled, the depth of the ftuid passing 
illustrate correspondinl{ 1·iews of a sim1lar ewer th<l ftnrcrl top of conduit 3, one foot in 
device nr much simple•· construction. rli:un~ter. loeinl,! nearly one-hal f inch. As 100 

16 Referring to t he first. 1 •·cpresents a re· the rirculati<m is extremely ri>pid the tot.nl 
<:eptacle of ""l' suitnble mnterinl, os metal. 'l"nntity of liquid o·cquirccl is comnnrntively 
~ln.•s., porcelain, marble, cement or other smnll. A hout nne tenth of that rlclivered l>er 
compound, with a central hub 2 and a coni· minute will be, genel'lllly. sufficient. Sue 1 a 
~nl conduit 3, flared Otlt at the lop and pro- cnsc:ode presents a singularly ottrnctivc ap· 1 0~ 

60 1·itled 1vith openi'IJI'S 4 nt the bottom. T n penran•e nnd this feature may be ~till fur
the hnb 2 is insert....:i n •haft. 5 1'0tatobly sup- tt.er enhonc;!d by artistic grouping of plants 
ported on ball benri~ 6 nnd urrym~ at or other objects around it, in which case 
liS lower end a friction pulley or gear wtleel thu whole contri,·oncc may be hidden from 
7. To the upper end of the shaft LS fastened vie•v. Part:zularly beautiful displays, how. II<> 

• 6 a casting 8, preferably of some nnn·torrosive ever, nrc obtninob1e bv illumination which 
alloy, with blades 9 const.ituting n .crew ~my be carriod out 'il) many ways. To 

• 
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heighten the effect, a colored, opalescent or 
phO<-phorescent fluid moy be employed. 
StPrilizing, 3romlltic or radio-active liquids 
m"y also be used, wh,en so desired. The 

s nsu~l fountains are objectionable in mnny 
places on nccount of the facility they afford 
fnr the breeding of insects. The npparatus 
d~scribed not only makes this impossible 
hu~ is n very efficient trap. Unli!te the old 

1 o devices in which only a very sm&ll volume 
nf water is set in motion, such a .,.Rterfall is 
h h.ighly effective in cooling the surround· 
ing atmosphere. To still improve this ac· 
tion the free end 13 of tl1e rototinj:: shaft 

l~ moy be utilized to corry amy kind of fnn. 
The water moy, of course. b" artificially 
cooled. 

The d"'vi~o described muy be modifiei in 
mnny ways nnd also considerably simplified. 

to Por example. the propeller rnny he fixNI di· 
l"fftly t.o the shaft of the motor und the 
);auer ~upportcd conveniently from nbove 
wh~n many of the parts illustrated in Fig. 1 
ann Pig. 2 mny be dispensed with. In fact, 

25 rercptacle I itself may be replaced by nn 
independ6nt tank or basin !00 thnt the entil'(' 
••pparatus will only consist of o funnel 
shaped conduit, motor and propeller ns a 
unit. Such o construction is shown in Fig. 

30 3 and Fig. 4 in which 3 is a conical vessel 
prcwined witlr intalre openinsrs 4 and rest
in:r on a substantial base A motor 14, car· 
rying on a strong shaft: !> a propeller 9, is 
fixed to supports 15 whtch e.Ttend from the 

36 mncr side of conduit 3 and mav be integral 
wtth the same. Obviously, to insure per· 
feet "·orking the weight of the moving parts 
nnd nsial reaction of the propeller should 
he taken up or balanced as by a thrust bear· 

40 in!( 16, or other means. 
Apparatus of this description is especially 

intcndr.d for u~-e in open basins or t-cservoirs 
in '•bich it may be placed and put in action 
:ot short notice. When it is desired to pro· 

4~ nnre lar~e nud permanent w~tcrfalls the 
<'unclnit 3 mny be formed by masonry of 
a pproprmtc nrchiteetur:U desagu. 

Thl\ in•·cntion has An unlimited field of 
""" tn privote dwellings. hotel~, theaters. 

~~~ r·o•\•'<'rl hnlls, hospitals, aqunrin tand, pnr· 
ti•:uln dy, in St)U:trtl:i, jl'l\rcl~ns "ncl pn rks in 
whirh it may be carried out un n l:ar~•·· >;eale 
"" u• to nfford n magnificent spectacle for 
mcwt• c•ptivntin~ and stimulatin~ to the 

5& oubli~ thtUl thr. -in•ignific~nt displays now 
in usc. 

I am well aware tllst artifictnl wnt~r falls 
have heretofore been exhibited and that foun· 
~ins in which the same WQter is circulated 

60 are old 11nd well known. But in all such 
cases independent pttmps of small ••olumet· 

r1c ccpacit}' wero used to raise the water to 
an nppreetable height 'vhi~J. '"'·olvoo the 
e~pcnditure of considernble energy. 'vhile 
the ~rcetllclc offered to the eye was unintcr· "" 
esting. In no instnnc~, t.o my knowled,::e. 
hns n b"l·rat muss of fluid been propelled by 
the u~c uf unly such power as is required to 
lift it from its normal level through a 
~lath·ely shna1 ~puce to t!1nt frorn which 711 
1t overflows and descends os n en sen de. nor 
have devicf-5 especinlly ctdapl.t'd for the 'pur. 
po!>e been employed. 

Whnt I cla1m is: 
I. An artificial fountnin consisting ohln 75 

unobstTUcted conduit hnving ~n elevated 
QJ·crftow nnd ndnpted to be set in " body of 
water, nod n propelling device for mnin· 
tninin~ a rap1cl circnlution ot the water 
throul!'h the conduit. 

~. l\n artifi~ial· fount..~in con1prising in 
rom!unation :an unobstructcd conduit havwg 
an eleuted overflow and adapted to ho set 
in n body of fluid. a propeller within th.c 
conduit for mnintnining a rapid circulation 55 
of the fluid through the some, and n motor 
for drivin~;~ the propeller. • 

ll. Tho artificial fountain herein de· 
scribed, comprising in cornbinnti?n a rc· 
ceptncle, n central hollow conduit with nn uo 
elevated overflow placed thereiu, n propeller 
within the condu.it, and a n\otor for driving 
the propeller, so ns to mnint~tn n rapid cir: 
culation of fluid thro~h tho conduit. 

4. Tho artificial fountain herein de· 9~ 
scribed, comprising in combination, a re
ceptacle, a conduit with elevnt~d overflow 
set therein, o central hub e:ttending, np 
through the conduit, a rotuv shaft extend· 
ing 'therethrough, and n pr<>peller carried 100 
by tho shnft for maintaining n rupid circu· 
lation of fluid through the conduit. 

5. An nrtificial fountain comprising in 
combination with nn unobstructed passage 
from the normnl to the elevated fluid levels, lOS 
of n propeller for m~int.1ir.in~ a repid cir· 
-cttlatton of tht' fluid thr<>~l!h .,ucb pnssngc 
and producin;! thel'('by n coscndn. wit.h tlie 
e:tpenc!itlll'<' nf little energy. 

6. An n rtificinl fmmtnin comprtstng 3 110 
funnel ~hnrwd cond.uit udnpt~d to be set in 
n bo<l,v of Auic.l. nnd huvin:! opcnin::!S nc:tr 
the lowct· <'IHI. :l!ul " propdl••r su pported 
within the <~utuiuit and :11lapled when in 
opcrution to maintain n rnpid circulation ll' 
'>f '•oter· thrnu:rh the sume. 

In tc:.tinaony'wl:e:-coi Iu/Jix my si:;nntnre 
in the pr'CSI!n<~: of two sn~crii>in;! witnesses. 

l\IKOLA TESLA. 
\V nnesse.' . 

M. LAWliOI< DYAB, 
W &1. BoHUilEC. 

Ooplea ot W• patent mAJ' bo obta1ued tor 6ve cc11ts e.acb. b7 CLddrustnr the "CommintoneT of PGtents, 
Wa.!hinrton. r o. '' 
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To /l./.llllh.om it may wnr.e>'11: 
Be it known t lmt I, N ! KOLA TEMI.A, 11 citi· 

>A'n of tho United Stnt<:s, residing ut New 
York, in the county nnd Stnt.c of Now Ynrk, 

6 l111ve in\'ented Ct!rtain now und useful Im· 
J>rovoments in Vnlvulnr Conduits, of which 
the following is t\ f ull, clear, nnd cx11ct de· 
!ICription. 

In tnost of the mttchinery universally eru· 
1 o ployed : for the development, tmnsnus•ion 

nnd trnnsformntion nf m~chnnicnl ent'.rgy, 
fluirl impulses nre mndo to pa."''• 1.1ore or· 
I<'"'' freely, throug h suit .. ble dtunncls or cOn
rln its in one rlirection while t heir retmn is 

16 offectively chocked or entirol~ prevented 
This fu nction is genernlly performed by de
vices designated AS valvP~..,, comprising cur·e
fully Gtted members tho prccisc rel:ltivu 
movements of which 111" J.'SS..ntiul to the efli-

20 cien~ and reliuble opel'lltion of th6 uppa· 
rt<tus. The neces.~ity of, and ausoluw de· 
pcndence on the.~e, limits the mnchine in 
many respect.•, detra.ctin~ from ito prr.cticnl 
vnlue nnd ndrling grently to its cost of n1an· 

26 ufncture and mnintent<ncc. As a t·ule the 
vnlve is a delicttte contrivance, very liable 
to wea r and get out of order nnd thereby 
imp-ct·il ponderous, complex and costly 
mcochanism and, moreover, it fails to meet 

ao the t·C<JUirement.~ when the impttlses' aro ex
tremely suclden ot· rnpid in sifccessi.pn 11nd 
the flutd is highly heated or corrosixe. 
Tbou~h these and other correlateli facts 

wr.m known to the very C>trliest pioru!Ors in 
a& tlte science and nrt of mechanics, no remedy 

has as yet Ue6n found or propoead to date 
..a far as I nm a ware, 1>nd I believe th~>t I 
nm the first to discover or invent any mcnns, 
which permit tho performMce of th0 nbovo 

10 funct ion without1 the use of moving parl,, 
nnd which it is the object of this applic:1tion 
to describe. 

llriefly expt-cssed, the advance I bu ,·o 
nchievest consist~ in the em ployment of a 

t6 peculin r chAnnel or conduit chnrect i"e<l by 
valvulru· n.ction. 

Thf! in vontion ¢1\.n bo e!llbodicd in m&tH' 

c.·.onstruc.·tion~ gl'ent)y vh tied in dt:~tnil ~ bUt 
for t he e~pl•notion of tl-... und"rlying prin· 

&0 t·iple it may bo hro.ully ~tuted thnt t h<> in
t.cl'iOI' of the condu it is provirled with en· 
lftr~~:c•menl•, recc""""· pro)octions1 baffia.~ or 
buckets -which, whilo offering V'lrtua!ly no 
l'l~s.btnnce l o the ;nl~Sttgt\ of the 8uid in ono 

<liroetion, other than surface friction, con
'titute nn nlmost intpttssuhle barrier to its 
tluw in t ho opposit~ ~n..e by r~ll.SOn of the 
mot·" ot· les.< ~uclrlen ~-~ pansionM, contrnctions1 
dollectionR, t-cvcrHul• of direction, ~tops ana 
'tarts and . ntten,lnnt · tuJ)idly succOOdi_ng 00 
trnns~ormntron• of the pt-e<Sure ttnd vdloctty 
cnergres. 

For the full ttnd complete disclosure of 
the device nnd of its modo of action rofer· 
ence is nnule t6 tho accompanying d rawings 66 
in which-

Figure l i~ 11 hol'izontnl projection of such 
~ valvul~r conduit with the top plato re
moved . 

Fig. 2 is ~ide view of the same in eleva- 7(1 
tion. 

_Fig: 3 is" di"~"'"':" illustruti."e of the ~p
phcnttOn of the cl.-· •~ to n Amd p ropelhng 
mnchinu such tts, u reciprocnting pump or 
compressor, and 76 

F1g. 4 is 11 plnn •howing the manner in · 
· which the invention is, ·or m~ty be ueed, to 
opernta a fluid propelled rotnry engine or 
turbme. 

Re ferring to Fig. 1, 1 is n casin<> of mGtal so 
or other· suitable mntcrinl 'vhicfi m·uy be 
e>l,t, milled or pres.•ed from sheet in the 
dc~ired fornt. Itrom its sidc-wnlls extend 11l· 
terntttively projections terminating in buCk-
ets 2 winch, to fucilitate manufac-ture nrc .'16 
congruent un<l spncedut equal distances, bnt 
need not lJC. In !lddition to these there. uro 
inclcp~ndent pa1tit.ions :l which o.re _deem~d 
of ad•·•mtage r.nd the purpose of winch wtll 
be mnile cl .ar. Nipple.< 4 nn.-l o, one e.teach 90 
end, Ul-e provided for pipo connection. T he 
bottom is solid anrl the upper or open side 
is close.<! by n fitting p!l1t0 C ns ~.hown in 
Fig. 2. When de.~ircd uny number of suet. 
pieces rnny he joined in ser-ies, th1:s makin~; oo 
up n valvulnt· conoJuit cf such length ns tho 
Ctl'Cur-.stanccs muy rcquir~ 

!n olucidntion of the IJ10de of operation 
le~ it be ~Sl\ttow.:l thr.~ t-he l!lediurn under 
r•rc~ure bn tl(!Jnitterl nt 5. Evidently, its 100 
a.ppro:dm:>t.! puth will be \l.ii indicotlcd by 
the dotted line i, which is ncnrly •trnight, 
that is to s11.y , if ~hn channel be of nd~nute 
cross-s~ction, the thlid will encounter a very 
small rosist.ance nnd pass through freely · l06 
nnd und istnrbcd, n.t Je~>.~t to n de!iree. Not 
so if the entrnnc3 be nt the opposite end 4. 
In this case :.ho flow ...,IJI uot be smooth 
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and continuous
1 
bu~ intermittent, ilio_ fluid cyclic processes in r. given length is an 

bein~ quickly aellected a.nd reversed m d1· obvious conclusion, but iliere is no direct 
rectton, set m whirling motion, brought to proportionality because the successive ~U:· 
rest and again accelera~, ~~ p~ tions diminish in intensity. Definite limits, 

6 following one another w rap1d successiOn. however, are set con.•tructively and other- 70 
The p&rtitions 3 serve to direct the str~m wise to •!.:e number of elements per unit 
U,Pon tJle ~uck~ e.nd to intensify ilie ~- length of tne channel, and the moot economi
ttons ·uusmg v10lent surges and edd1es cal d~•ign can only be evolved through long 
which interfere very materially with the ex~r1ence. 

10 flow ilirough ilie conduit. It w;ill be readily Quite ap~rt from any mechanic!al features 76 
observed that the resistance offered to the of the dev1ce the character of the impulses 
pe.ssa~ of the medium will be consideral>le has a. decided influence on its porformanC(, 
even 1f it bo under constant pressure, but and the be.•t results- will be >:eeured, when 
the impediment.• will be of full effect only there are produced at 4, sudden variations 

16 when it is supplied in pulses and, more es- of pressure in relatively long intervnls, St. 
pecir.Uyd when the same are extremelv sud- while a constant pressure is maintained at 
den an of high frequency. In oroer to 5. Such is the cnse in one of its most vatu
bring the fluid masses to rest and to high &ble industrial applications which will be 
velocity in short' intervals of time enerey specifically descril>ed. 

20 must be furnished at a rate which is unat.- In order to conduce to a better under- 86 
tainable, the result bein,:: that the impulse stnnding, reference may first be made to Fig. 

·cannot penetrate very f~tr before it sub· 3 which illustrates another SJX',~:id usc nnd 
sides and ~ives rise to movement in the in which 8 is n piston fixed to n shaft 9 and 
opposite d1rection. The dev'iro not only · fitting freely in a cylinder 10. The latter is 

. 26 acts as a hindennent to t~e l>odily r•turn closed nt both ends by flanged heads 11 and oo• 
of particles but also, in a measure, as n. I 2 having sleeves or stuffin,e: boxes 13 and 14 
check to the propa.gati9n of a disturbance for the shaft. Connection: between tile t wo 
through the medmm. ·yts cffi~y i~ chiefly compartments, 15 and 16, of the cylinder is 
determined; first, by the magmtude of th• established through a valvular conduit and 

so ratio of the two resistances offered to dio· each of the heads is similarly equipped. 86 
turbed and to undisturbed ftow, respectively, For the sake of simplicity these devices are 
in the directions from 4 to 5 and from 5 to di~matic~>ll.v shown, the solid arrows 
4, .in each individual element of the con- inchcating.the direction of undisturbed flow. 
dmt; s,econd, by the number of complete An extensiOn of the shnft 9 carries a second 

36 cycles of action taking place in a givP.n . piston 17 accurately ground to and sliding 100 
length of the valvular channel and, tl!irc.l, easily in a cylinder 18 closed at the ends bv 
by the character of the impulses themselves. plates and sleeves as usual. Both piston 
A fair idea may be gnined from simple and cylinder nrc p1·ovidcd with inlet nnd 
theoretical considerations. outlet ports m-arked. resJX'ctively, I ~ and ~o. 

40 · Exa.mining more closely the mode of op- This arran~ment is familiar, being repre- 106 
eration it will be seen that, in paS8ing from sentath·e of a. prime mo•·er of my invr.ntion. 
one to .the next bucket in the direct1on of termed "mechani~l oscillator", with which 
disturbed flow, the Huid undergoes t•vo it is practicable to vibrate n system of con· 
complete reversals or deflections through ISO siclerable weight: many thousand times per 

46 . degrees while it suffers only two small de· minute. 110 
viations from about 10 to 20 degrees when Suppose now tbut such rapid oscillations 
moving in the opposite sense. In each case are imparted by this or other means tn the 
the loss of head will be proportionate to ,. piston S. Ben ring in mind the proceeding, 
hydraulic coefficient dependent on the nngle the operntion of tho apparatus will 1>c un-

50 of deflection from which it •follows . that, derstood nt a glance. While moving in th~ 1 u 
for the same \•elocity, the ratio of the two direction of the solid arrow, from 12 to 11. 
resistances will be as that of the two coeffi- ·the piston 8 will compress the air or other 
cients. The theoretical value of this rati.:> medium in the compartment 16 and expel it. 
may· be 200 or more, but must be taken as from the same, the devices in the piston and 

66 appreciably less although the surface fric- head 11 actinj!', respecti~ely, as closed and 120 
t1on too is greater in the direction of dis- open valves. During the movement of tho 
turbed flow. In order to keep it ns large piston in the opposite direction, from 11 to 
as ·possible, sharp bonds should be nvoideCI. 12, the medium which has meanwhile fillerl 
for tlw.o;c willndd to both resis;tances andre- the chamlx-r 15 will bo transferred to com-

GO duco the efficie..,cy. Whenever pr~U:ticable, partment 16, egress being prevented bv the 12• 
the piece should be straight; the neJ<t best de,•ice in head 12 and that in the pistOn al-
is ilie circ'ular 'form. lowinj!' f ree passnj!'e. These p1'00eSSCS will 

That the peculiar function of such a con- be repoated in trery auick succession. If the 
duit is cnha.nced by increasing the number nipples 4 and 5 are put in communication 

&6 .of buckets or elements and, consequently, with independent reservoil's, the oscilla- 130 
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tiomi of the pi<ton 8 will result in·~ cornrres- the.<;e is, normally, open. to the utmosphere 
sion of the ~til' at 4 nnd t1.u"efnction o tho whilo the other connects to 11 sourc& of fuel 
''""'~ 11t a. Obviously, tho vnlvuliU' ch!Ul· supply liS 11 gns muin 28. The bottom of 
""'" being tul'ne<l tho other wuy, as indi· t.he comb.ustion chumlx>.r tenninnta.« in a suit· 

6 cnt.cu by dottNI lines in the )owN' )lll.l't of able nozzle 1!9 which conbist.o. of separate 70 
tht• fi~t~tre, tl1o oppositu will t11k1> pl11oo. The piect< of he11t t'eSibtin~ lll~ttl'l'inl. To regul&te 
cltwict'l< in the piston lmvu I.Jecn Hhnwll tnel'ely the influx of the explu~<ion cunstitn~nts und 
hv wny of Sllj.!'l(~st.io.n nnd t•nn he dis)Kiill«'d I!OOUI'e thu )ll'oper mixtum the 11il· and Jll<S 
":itJ1. l<:nch uf Um cluunuors 15 tm•l 11i he· conduit.. Ill'& equippetl, 1-espectivoly, wn.h 

10 inA' connectl•l to two conduits ns illustmtl,tl1 vnlves ~0 nnd 81. The "'xhnust uptmi n,:·s 76 
thn \'iu•·ntions of 11 solicl piston ns !l will 32 of the •~>tor •houhl he in cotnmunic11tion 
lnl\'" tim stuue t"ffcct nn<l tl•o 1111\Chinu will with n. ventilntol', p•·cfenthly cuTied on the 
th~n bon double nctin~ pump or compi't'.""<>r. llltJne sh11ft 11ncl of nny suit~thle const1'uction. 
11. is likt'wise unA~&~ntinl thn.t tho mNiium It~ USG, however, whilo advnntngeuus\ is not 

1G should he n.dmitt.cd to the cylinder thmu~h indispenBIIhlo the ~uction J;lroduced >y the so 
such devices for in ct~rt•dn instnnces ports, tm·bine t'Otur it.o.clf being, m some cases nt 
nlt~.mntely closed and opened by the p1ston le.1st, · sufficient to iMure pt'Oper wol'king. 
"'"Y serve the purpose. AA ~~ ntllttl>.r o~ This detn.il is omitted from the drawinl{ as. 
course, this novel method of propelling fluids une.'!Sentin.l" to the undot'Stnndinj?. 

20 cnn be ~xtsnded to multis'..n,::e working in But n few words will be needed to mnko 86 
which ct~ It ,number of pistons will be em- clout;themodoofoparation. Tllnn.irvalve30 
ploved, preferably on the snmo shaft n.nd of hoin.q open nnd 6pul"l~i.nl{ cstublished ucros5 
difi'erent din.moters in conformity with wt~ll termmals 27, the ~M JS tmned on slowly liD· 
establishod principles of mech11nical. d~.~ijl'O. til the mixtm-e in the cluunhcl' 24 rcnc:hes the 

25 In this wny any desired rntio of compres- criticnl !;lute and is ijl'Oited. Both the con· 90 
sion or degNO of rn.refaction may be at- duits behnvir!,:r, with IY.spoct to efllux, tts 
tnined. · closed vnl vc~, the pt"Oducts of combu~"tion 

Fi~. 4 e,xempiifi~q a particul:~rly vnlunble t·ush out through the nozzle 29 acquil·ing still 
11pphcation of tho invention to which refer- {tl"ellter velocity hy expnn&ion 11nd, impnrt.-

30 ence hRS been ohnde ttbcve. Tho drnwing m,:r theit· momentmu to the rotor 21, ~hll't it 9& 
•hows in verticnl cross section n. turbine from rest. Upon the MuLsidei\C(• of the ex
which mny be ot any typo but is in this in- plosion the III'EI.<;>;Ut•e in t.he chum bel' sinks 
Rtance one invonte<la.nd described by me n.nd helow thl> utmosphe1·ic nwin~r tu the pnn•J>· 
AUppos3d to be fumiliar to engineers. Snffie<> inA' nction of the 1"0t.c>t· ol' ventilntot· und new 

Jb it to state that the t'Otur 21 of the 61\nte iH com· ttil' nnd gas is pcmuitted to enter, cleuning 100 
posed of tl11.t plctos which are set in n1otion the cA.vity and clmnnela· nne! onnking up n 
thr01o,:h the adhesive and viscous actiun of fresh mixture which i~ detonnted a~ hefm-G. 
the w<wkin,: fluid, enterini:' the system t.t.n- 1md so on,.. the succeSAh·e impulses of th11 
~ntinllv at the periphery nntl leaving it ut workinll' nuid producin~ nn almost con-

40 the ceniar. Such n m11chine is a · therm<>- . tinuonsmtttry eff01t. After·~ ~hOlt lnpse of 105 
clynumic transformer of a.n activity .surpll.llS- time the chnmber becomM he.tte<l to such 11 
ing by ftu·. thut of any other prime mover, d"gt-ee thut the ijl'nition devire n11ty be shut 
it lll'.injl' &monstmted in practice thnt enclt off without disturbing the established regime. 
sin,:l& disk of t.hc rotor is capable of per- 'll1is mn.nnet· of stnttin,: the tul'hine involves 

45 forminj? ns much work as a whole bucket· the employment of ·~ unduly '""A"' couobus- 1 J 0 
wheel. Resides, n number of other n.dvun- tion cluuube•· which is notcouunenduhlef•·mn 
tl'4!"s, equally important, make it' especially the economic point of view, for not only dot's 
udapte<l for op....mtion as an int3tn.nl com bus- it ent .. il inct-ettsed he.tt loSSE-s hut tlie ex
tiorr motor. This may ·be done in mttny plosiuns curinot be m11de to follow one !lll· 

60 w11ys. but the simplest and mO!;t dit'BCt plun oth•·•· with such rn.pidity a,., would b.l desit·· J 16 
of ·which I n.m. uwaro is the one illustt'll.ted nhl~ · tu insure tl•c hOst vnlvulur nction. 
h<•tY.. llefen;nl!' u,:air:t to th.o dr11.winjl'. the Wlwu th•. chtll!lll<\r is suulll "" nuxili~t-y 
UJ>IX'r,\lltrt of the turhtn~ casmg 22 hns bolt- m<•nus for st•utmj!', ns contpress('cl 11ir, mny 
('(I !-<• 1t n sepnn~t" e>tstmjl' 2::1, the cent.ml lw• 1~·--•otte.cl to nnd 11 very quick succession 

66 cn\'tt.v 24 of w!uch fol'ms the comhustton of ~xplo~10ns cnn then he oht.ninecl. The 120 
cluunher. To pl'event injm·y tbroul!h excM· ftWJliCncy will be the ~o.ter the .st1"0ilj!cr 
sive hBIIting 11 jacket 2~ ouny be n~ccl, .,,. c)>'(, the suction, nnd umy, un<let· cettnin condi
Wt\tt>l' injected, nnd when 'theS<• m~11ns tu·e tions. t't'n~h hnnclreils nnd even t.housands 
t>hj.octionn.bl~ re.course mny be hnd to nit· J><•r seMnd. I t SC.Ll"C(')y nee.cl he stuted that 

60 "' . .olinll', thill nil the n,to•·e !-endily ns Hl'." i"n!ltt'nd of one sevrml explosion chumhers 12r. 
lugh te.mpemt~tres are practtcobl~. Th? top mny he' used for coolin~ pnrposes nnd nlso 
of rns_tmjl' 23 IS cl_osed by n plnte. 26. Wl~h n to tncrea..<a the. number of nctive pnl!leS nnd 
spnl'ktn~ or hot Wire plttll' 27 ttnd Ill tiR stdes the output of the machine. 
ttl'<'. sc•-ev.;ed two vnhulnr condui~ communi- Appnrntu~ ns illustrntecl in Fig. 4 pt'tl· 

GG cntmg wtth the central cbnmhcr 24. One of sents t.l•c aclvn.ntages of e:zt1·emc simplicity, 120 
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thc;tpru-... 1111<1 n·1ioloility1 thc.ru locuo;.: 1111 
com)•n""'' • 'lull'k•·t:c ur t.ruultft.,...,u,(• vuln· 
mocJu\HiNII, It nlfiu ltel111it'<.o \\ itlr tiu• 1uHi: 
tion of ct•rt.uin "'''H·kuown n,·a~·-,ctriCH1 tho 

6 U>Kl uf owy kiu•l uf fuel nnol t hus 1uooeb. tho 
pnli<Hill$: IU"""'ity Of "oe)f-<"IIUtllillll<l, IHIW• 
ft•ful, li.:ht noul cnll<lllwt i11tt•r11nl C<Huhu~ 
tion mut.<oo· ful' /.(l'n-.·nl wurk. Wht•n t.loo nt· 
t&Ulllll'llt uf tlou higl.u"'t I•Oit·i~!"'.Y is tlot\ t·hillt. 

10 olojiiCt, nH in 1111U'loiu1"' uf ln1·,:..., .;.,~, tho ~x; 

l>lu>!ivu ouuKtitul'lllK will I•' "'1'/'lil•<l 1111<l111' 
•if!h pntMtlt'U uncllH'uVi~iou 1111u ~ for tnl\in:. 

t ouni11;.: " VIICIIIIIII nt llro ,e)llonllst.. Sou·h Ill'• 
l'atllj('!:IIU'Ilh4 IU't\ quito fn111ilinr unc l lc1ul 

II> tlu•IIUK')\1(\11 He) (\Ul<lily tf• tiJj!" iiiiiii'U\'tHIHH\l thnt 
U.n ef\}t\1'"'\!tllt'Ut HU tillS Nll]ljt"t·t i.s clt>e:llll.tt) 

ttnMI'CSI<Ili'Y• 
Tloe fm'tj!l>llll( d1'>'Criptiou will l't'oulily 

MIIIQI...C. t~> "~)>l'<'tH ooouclifiuttion• huth '"' 
20 n·~ls CIIIU.to11ctiu11 •1ul uppliatLiuu of thu 

!loWit:" 111111 f 1lu lOUt wi•Jo to Jimit UJ)'sclf in 
tl""'" n'><IM~·t.•. 'l'hr lmnul urul1•rlyin" ideo< 
of tloo inn•ntoon i~ 1.<• JK'I'Init llll' fo-cc pUS: 
tin;..ru uf n Uuitl tlu,tu:.,..J• n c.Juuuwl : .. tJte eli· 

'ZO ri\l1.iun u f Uw lluw nml to pn~n·nt iht retul'11 
t hl'"(14h fridiun •uul 11c1:<.~ t\'.-.t~tunce, ~hiiM 
eunli IIIJ.!' t htt (tt•l"fur11\Jtii<X' uf val\'u functiUOi'f 
witlumt uny IIIOVin~: puo-!.s 1111<1 thereloy llX· 
t0n<ling the SCO[)(I un1l ll><~fnlnc.-<< uf un im. 

30 tnense vnriety o f uaechnni.;atlatppli•tnre;. 
I do 11111 cl11i111 l.lon o u~tlontls of un<l11ppnrn· 

tus fo•· thn propulsion of flui,l" and thennn· 
tl)'nunoic tnonsfm·nu<tiun of ~ner;..'Y h~rdn 
d18CIOI!OO, 1111 t he.-.:1 will be 1iuuh> •uhj<'CtK uf 

36 "''l'nn<to opplicutiuu.._ 
I um AWI\1'0 thot <Lqymmr.to·ical I'001luits 

l)llVO l>eeJl conot111clc<l nn1l their u>;C I'm· 
fl<»it~l in connnction with r.n,dn<" .. <;, hut tIt".';(: 

luwe no aimilority r.itlu••· 111 thl\ir con>otruc-
, 0 t ion ort nutnnco· of rJnpluyment with my 

vuh•ulnr ooouluit. Tlory wr.re inc.\palolc o( 
llctin~ M \'11h·e.; f'I'OI)('r, for the flui1l W:\Jl 

mcwely url-c. .. tN I 111 po<".kct.s nn<l tlcflC\ctl\<1 
tlomnl(h uo•, this l"~ult hn,·on~ at l~t only 

,~ 2!i% of tho ,,n;t:i.,ncy nt.tuin~1l in the, con
litruction hrJ~•in tle . .,..ribctl. In the con1luit 
I hnvo cle:~igncd tho fluid, 1\S statlld 1iliove, 
i~ dofloctcd In cnch cycle through aao•, nntl 
,, co·cffici~nt nppl'oxion~tting 200 can bt> ob· 

~o tninocl so thnt th& <lcvi~e n.:t.s M n slightly 
hmkio,~r vnlvo, nnd for thnt l't'.l\.'lOn the term 
'lvnlvulou".' hM been gi,•en to it in contt-n.<;t 
to Myonmrtricl\l conduit.,, as heretofore pro' 
JIOl!OCl, which wera not vnlvular in ncl10n, 

~a but merely MymmGtricnl M to rMililnnoo. 
F urthc11nore, tho conduit., hcrntofom coil· 

stn1cU<I were intended to be \tsOO in corutec 
tion with "lowly rociprocating m~teltinc.'l, in 
which ca5c enormous conduit-length would 

•o bo n~ry, nll tl1is rt'.ndering them de\'Oill 
of prACtical vnlur, By the use of an elTO<·tivn 
valVt!lo.r cou•luit, n.s hrl'cin described, nn1l 
t ho employmont of pulS('II of vary hi¢! fre· 
quency, I 11m nblo to condense my nppov 

'a ratua a~~d socur;~ such por(oct e>et.ion oe to 

cti"JK'fiSU J"llc-~"ifully with vatlvc~ 111 nmnnr. 
"!'_. fonolli uf ruo:iprocating and "'lary en· 
gon<"'-

'l'lw biuh ..mcicJicy of uu, •lovoee, orro
tiiiOCtive of the ehan<etur uf tho pu151'-'<, is '" 
<luo to two euu.-;o..: fir>¢, 1"11pid ruV<•r.>~~l of 
clirection of flow and1 soound. g1vot rulntive 
Vl•loeity of tloe colli1hng flui 1i cnluonm<. A~ 
will be readily I!Oen each huck11t cnu- a. 
tlovintion thi'Oill(h nn unglc of 180°, ouul nn· • & 
other elonngo of ISO• occm.,. in ooch of th11 
HJliiCCH ootwc~en two nJji\OOnt louc·ketx. Tlint 
iH tn KI1Y1 froou tho time the fluid uutt"'" Ill' 

lunves OM of tho rocc=• to ito. P"""''h~' intn, 
Ol' u:dt f1'0111, the one fullowin~t 11 """J•h•!.tt •· 
c·yclc, or dcllootion tlmou~:h ~r.o• i" cl{l'<'lt•tl. 
Ol~~~ervo uuw thnt tho volocity i.•lmt .Kil'j(htly 
1-cduood in tho rovct.,..l "" th.t thn inCllnn· 
ing and tlcllccUld ftuicl eolumns mN·t with a 
l\\l11tive speed, twice that of tho flow, ancl u 
tho anerey of tJocir impnct is four t i1111>1 
~11ter th1111 wiUt a 1lcfto...tion of only oo•, 
"" 1night bo obtainr.l with pocket.~ ><nch n.~ 
have been cmplnyNl in tL•ymmdrir.ol C<>n· 
duil>l for vnnou~ puqx"'<JS. 1110 f•ct i•, ou 
loowcvor, thnt in tloeso such tlellcct in11 ;.. nut 
Hl>CIII1~1, tllll pc~ekt•ts "~1111ining filhul witlo 
t:noo opao,.tivdy IJIIil~l·nt flu ill nn•l tho lntt.<\1' 
(11ll11wing " winding puth of lca:.1 rtll<ist· 
11111•11 IHtlWI'NI th<> ob.,-taclCR intcrpoM•l. Tn " 
~;tnda t·outlu its the nction cnnnot lJO chn1·:'-C 
tt•J'i7..tl,) nH "val\'ul:u·" bN:Il.USO J;Omn u f thC\ 
f1uicl I.'Uil pu~ uluw."'it unimpcde..l in n clirot\C• 
tion npp1"'itn to. thl\ no:mnl flow. In ouy 
t·on•to·llclinn, oc. 1\I>O''e intlicnt<-<1, tluo rO"i't t oo 
nlll'u in the t'I'VI't'XC 1111\Y be 200 tioo o!'>l thnt in 
lion 1101'111111 direction. Owir.·• to this 11 COlO· 
J"ll'ntivcly very •mnll nunol~r of lmc:kc·t.~ or 
d t•wrnt.• is required for chN:Icin" t he flui•l. 
To gi,•e n conci'\'W irlcn, ~-uppt•o;n thnt thu t uo 
l••1k from thu 1\N;t !11-.uent i• I'<'J'"""'IIh••l 

hy tfl.O fraction X' then ait.<:r thr tlth Jouckct 

IS trnvcr.~od, only a quantiLy (~)" wiU l'lj· 111. 

Cl.lJXI nncl it IS evuicnt thnt X nc•r•l nut he 11 

lnr~tc .1111111bt>r to sccnro " nrutrly porfnct 
Vlllvull\r nction. 

'Wiuot I clnim is: 
J : A vnh'ul"r condnit hnvin;.: intenoo· llu 

w111l• nf ~uch confarmntion n~ to permit tho 
f11•i1 )liiJI.<IISc of lluitl throul!h it in the 11i1'1'.C• 
tiott of Oo\V Lut to ~1ohjN:t it to n•pi1l ~~
"'''''")" of 11i1-cctinn wlwn impcll1•1l in :ion 
toppnsill\ ""·"'~ nn•l th~rohy to pmvcnt il~ uo 
I'NIII1l by f ril-tion 1tn1l mru.'l rost'ltnncc. 

~. A vnlvulor conrluit oompN;t~~] of n 
dosed pa.-~w:<y hnvin:r ~~ in . it~ 
wnlls 110 fot1ued ns to JK'Muit a fluid tn \'",.q 
(.,,..ly tlu'OUI!h it in the clio-oetion of I nw, 12:0 
lout t<o HllbjN:t it tto nopirl I'C\'1~-,;a.ls of 1lil'l'<l· 
tiuu wh~n im[X'Iletl in nn op~itc "'""" ~tnol 
th111't\by interposo f•·iction nrul mi\AA '""i~ 
lliiOO to tlu> 1-et um P"""-"lto of tho mnoll. 

3. A vulvull>l' conduit composo<.l of 1\ tuw uto 
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or pnssngeway with rigid inte!'ior walls 
fonuctl with u series of recesses or pockets 
with slldllces thnt reverse a fluid tending 
to tlnw in one direction therein and thereby 

t; chL-ek ot· pre1·ent flow of the fluid in that 
tlit·L-ction. 

4. A v"lvulu conduit with rigid interior 
walls of such chnrnctar as to offer substan
tinlly nu o)IJ,.!Jicle to the passage through it 

10 of fluid inopnlse.~ in one direction, bUt to 
sni.Jject the fluid to rnpid reversals of direc
tion otn<l therei.Jy oppose and check impulses 
in th•• opposite sense. 

5. A \'nll"ulur conduit with rigid interior 
16 moll~ formetl to pennit fluid impulses under 

preS!<llre to pass freely through it in one 
•lircct;o:t, but to subje.·t them. to rapid ro 

<It Nikolo Tcslo 

versals of direction through 360° and there
by check their progn!6S when impelled in 
th~ opposite sense. 20 

A vnlvular conduit with rigid interior 
wt>Jis which pennit fluid im{>ulses to flow 
-through it freely in one direction, formed at 
a plurality of points to reverse such fluid 
impulses when unpelled in the opposite di- 26 
rection nnd check their flow. . 

7. A valvular conduit with rigtd interior 
walls h11ving pockets or recesses, and trans
versely inclmed intermediate balBes to per-· 
mit the ft~ passage of fluid impulses in one St> 
direction but to deflect and check them when 
impelled in the oppoeite direction. 

In testimony whereof I affix my signature 
NIK{)LA TESLA. 
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Tt~ (d,/. wl•on-. ,;t may cont::e1"1l.: 
Be it kno"n th11t I , NntoLA Thsu, a citi· 

>en " ' tho United States, residing at Ne,. 
York. in the county and St.ate of New York, 

~ h11rr. inven14"cl r.ert.nin new and US<Iful lm· 
prcwement> in Lightning. Protectors. of 
whcch lltc• folluw ing i• .. nlll. clear, and ex
net description. 

Tht "h)tct of the present invention is to 
10 J'~">"idc ltghlning protectors of a novel and 

tmpro"ed de-ign strictly in conformity with 
1 he t n1o rho racier of the ph en omens, morn 
f'flic·•cn1 Hl nrtion. :uul fnr more depcndabiB 
in &• f•• j!llltrding life and property, thiLn 

1 5 thO«" heretofore tmployed 
To •n understanding of the natu:-e of my 

invention ond its basic distinction fro:n the 
Hghtniug rods of C(lmrnon usa, it is noc. 
c•sot·y brieRy 1n explain the principles upon 

20 whirlc my protectot· is designed as contrast· 
ed wath those underlying the now-prevail· 
ing typo of lightning rod. 

Since tho antroduction of the lightning 
c-od by Benjamin Frnnklin in the lntter 

.25 port of tho eighteenth century, its ndoptioo 
as n mcnns of pro«lction against destructive 
nrmospheric dtschl1rges hRS been !>r&etically 
tmivcrsal. Its e.tlieacy, to a t."ertain degreo, 
hns bt-en unquest.ionnhly established tbl'()n~ 

30 statistical records but there is gcneral11 
pre,·ttleni, nevertheless, " singular theoreh· 
cnl fnllaev liS to its operation, and its con
stntction ·is radjeally defective in one fea
tu re, namely its typical pointed tenninal. 

35 In my lightning pro~tor I avoid points, 
and use on cnttrely dtffcrent type of ter. 
minal . 

Acoordutg to the prevailing opinion, tho 
, ·irtuo of t.hc Franklin type of lightning rod 

<O i• lnrgclv bllo;(l<l on the property of points or 
~hnrp edges to gb·o off electricity int.o the 
nir. As Shown 15y C-oulomb, the quantity of 
electricity per unit area, designated by him 
"~lectricnl clcn~itv" increa.ses as the r adius 

45 of curvatu"tf of tJi'e surfn.ce is reduced. Sub
sequently it ·w.., proved, by mathematical 
nnolvsis. that the cccumulated charge cre
nted. nn out,<ard normal force e.qu9.1 to 2z: 
times the squ•re of the density, and experi· 

so ment hu demonstrated that w'ben the latter 
~x~ls approximately 20 C. G. S. unHs, a 
~tream .. r or coi'OM is fonnl'<l From the.'!e 
ob<;ervations nricl d•ductions it is obvious 
that ~uch mo.r happen nt a comparatively 

u low ~u.r• i1 the conductor is of extremely 

·it. 

Rntnll rndius, or p<>inted. and it is purouant 
to o misupplir.ation of these, and other. 
h ·uths thnt the commercial lightning rud of 
today is made •·cry slender an(! pointed. My 
invention, on the contrary, ••hilc taking 60 
cognizance of these tn•ths, correctly applies 
them in the pro•·ision of a lightning pt'O· 
teetor that distinctively affords an elevated 
rcnninol h:>•·ing its outer conducting boun· 
deries arranj!'<'d on surfaces of large ntdii u 
of cu r<ature on two dimensions. The prin· 
ciples which under! in my in,•ention and cor· 
reec. Rpplicat ion of which dictate the form 
and manner of installation of my protector, 
I will no" up):> in in contr..st \?ith the con· 70 
ventioMl pointed lightning rod. 

In pcrmittinp: leakage mto tho nir tho 
n~~llle -shaped lightning-rod is popnlnrlv 
bclie~ed to perfonn two fn netions: one to 
drain the ground of its negati ve electricity, 75 
the other tn n~utrnlize the positive of. the 
clouds. To some degrC(' it docs both. 'But 
ct systematic study of electrical disturbances 
in the earth bas made it polpoblv evident 
tbot the action of Franklin's conductor, ns so 
commonly interpreted, i~ rhieflv illusionary. 
Actual measurement pro\"tlS the quanti~ of 
~lectricity escapiu;: even front many potnts. 
to be en: it-cl\" mSJj!D.i.ficant when compared 
with that ·inc\uced within n considerable tcr- 85 
restrial area , and o f no moment whatever in 
the proc--..;s of dissipation. But it is true 
t.bat th~ negati•·cly chorged nir in the ...;. 
cinity of the rod, rendered conductive 
thrnu:;:h the influence of the same. focilil.tttes 90 
the pnssoge of the bolt. Therefore it in· 
creoS<IS the probability nf n. li:::hting diR· 
cborge in its vicinity. The fnndamcnt.nl 
fnc:tR und<•rlying this type of lightning-rml 
" ''"' Fir.t, it ntt.ract s lightnin~>,, so t.hnt it e5 
will b~ struck oftener thnn would be tho 
huildin~r if it. were not present; second, it 
t'CII<lers harmless most, but not nil, of t.he 
dio;char;..~ which it receives; third, by ten· 
dering the air conductive, and for other 100 
t"CasoM. ;t i~ oometimes the couse of damog() 
to neighboring objects; :md fourth , on tile 
whole, it.~ po""er of preventing injury pre· 
dominates. more or less, O\'er the haz.arc!J< it 
invites. 105 

My protector, by contrast, is fo'!lllded on 
principles diametricolly oppoaite Its ter· 
cninnl he• n Jnrg• •urfacr. Tt S<>cntts n ''Cry" 
low density and preserve.« the immlnting 
qualities oJ the ambient. medium, thereby 110 
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u~;uimiziug iealrage, and i~ thus acting as a 
•tuasi-repellant 1<.> increa:;c enormousfy the 
""fe~y fo.cwr. 

I' or the best and most economical insl.alla-
~ tiuo of po·otccl i•·e .Ie..-ic-.:~ accoo-din" to my 

iurentiou, those fa<:tors and phenom'ena that 
ilicww sizt

1 
nuu.ber of protecwrs and phys. 

ical qualities of the apporatns must be 
••ru>pe<l hv the installing e11gi.n.eer, and pN-

·Jo i\ouinarol):, for full uuuerstanding of the 
tlrin~iples of m•· iu<cntion. rhe:.e Should ~ 
hrieAJ up!ain.e(l. 

Economical in:rtallaLiou, of oourse, de· 
nmnd~o Lhat the prot-ecti•·e Cllpubility of .. ny 

u gi<·~u cquipoutnt be uot n•eJ.lc561)' greater 
th,,n i~ ~tuired lo nwet the ruoXJmum el:· 
j>eCiu11cics uudl·r tl1e corulitious sn rr•Hmd.iug 
the p'AI-ticular bui lcting to be protected, and 
t~t· dop~nd, purtinlly, as I ~hall sho", 

2~ IIJ'l<ln the churader of the l&nd'l<:ape proxi
m,•l c to I he building sit6. 

Ju tht drn•~ings. Figures I to 4 inelwrive, 
arv ciid~r:tna"' rcquhsi tt• to illu~trauon of the 
f o<:U ond conditions rele•·a.nt w the det.er-

Z5 minution of specific installations of my in
····ntion\ unci F4;s. ~ to 8 illustrt\t<O ooost,oc
tion an< arplication of the protecwrs. Spe
c·ific:llly: 

Fig. I is n lnn<ls.npe suitr<i r ... 1'" ~"1'""" 
SO of e xpi:UU!.liOII; ~ig... . 2. 3 fl ll ~ 4 HI'(' I ll¥11\'li · 

cn.l d rRgroms; Fti,'S. r, unci G rllustn•tc: forms 
of lmproved protectol'~ ~ uud Fig-.. 7 and 8 
•ho" building• ecpoipp~.l "itn th~ »•m•. 

In Fig. I . I represent> Lvr.-1 Kcl"n·, •·n.-
:u, Jured" art•n of the region. "hich is vin.u:tlly 

p~rt of the ~xteudt'll unrniHe.t uocan·!~u·f•ce. 
(S.'<' wp4~rf< 01• F.lt:cfm•tntir./1 4"'{ .~lngru:t
;.,,.,•· b~· !-lir Willi~m Thomson I. Under or
rlillal',l' wt1\th<·r condit ions, when the ,:;ky is 

<0 c·ltar. th• total amuuut <>f dc.:u·icitv tl is-
1 ributl-<l cw~r the lan<l i~ '"'" rly the S!; rnc as 
lhnt whirh would he ('Ontn iow•l wi thin it~ 
hul'i>.nnlal projection. But in timt>S of 
,..tonn. H\\ in~ to the inducti,·e nctiun of the 

4ft ~:lmuls, "" im.n1ensc ch~rgc ma\' be u.CCU· 
'""lnted in tl"' loc•l it.v, the dcnsir_v bein:t 
Jll"<'llle>~t ~~ lh<· most t'ie,·•ted port.ious of 
thr ~:rotmd . ~\!'&Jmiug thiR. 111ulrt· t.hP t'OO
(Iition:t f•Xil!>-ting nt any momuut , l<"r aunthcr 

:,o -=phtrir:d )o.\ll:fnc<.' 2. c·onccut rit· ''it h thf' 
earth. h<' dnawn-whid• mitv be calletl uch:c> 
trit:nl nin•;ua,.- suela thnt' th<• t'JIIMnti tics 
storcrl 0\_,1' nnrl unde1· it ur~ t:-cJUnl. Iu other 
worrl$l. rhf"ir Algcbrnic ~urn, tl\kCu l't"l<\h\'dy 

M-, tn t lu· itnl\~llw.ry ~u rlacf". iu the posit.in· :md 
ne~at i,·c_t~t·n~, i~ ,,;}, Objec~t:; uiJ<ne the 
"nncl\ 11., a r~ e:tpo~ tt • e\·cr tot• uutd1 mure 
ois\: thun th""" belo". Thu~o. " bnil<ling at 
3. •m :t si'e of cxcessi ,.e dem.ity . i~ ~pr to be 

eo hit soonrr or btt~r. while one iu a de.pr~i.un 
1. y,•hrrf' tht ehargP per unit :tn~t i~ 'ery 
sm• ll. i~ •hnD"t entir.ly ""f" It follow• 
that the OIH: httiJci!:IJ! :! l '('•jllil •c··~ lnOI"f• (•X · 

~n:a•P ('<J'llipm('rtf th:lft do(•~ tht• nllu•r. r!l 

fD bnlh i""'""«"', howavor, t.loc probability "' 

beiug struck io d~eo'ellsed b.r the prl'IOCIIl'c o f 
my prot~octur, "hereas it wou!d he iUCI'ea><etl 
by the po'CSCn~;e of the Frankl111 " "-1. for'""" 
sons that I wi ll nnw explain . 

. \n uuu~l'>lllnding of but purl uf thE> 7P 
truths reluthc tn clc<to·ica l di~h:ll"lc(<'"• nnd 
their ntisupplicnt i'"' clu., '" 1 he """' nf 
fnUer appreciation lu•• t!oubtle""' lw"" rc 
spoll:lililc for tl,. Fr.ruk lin lightning md 
taki11g it." COIII"CIIIIUIIal point<J<I fol'ln. IJul 76 
tbeoretic:u I (-oulliderat iow., and tlr~ impoo to nt 
discO\'I'I'ies rllat bar~ he..u ooa.Je iu oh~ 
(..'OUI'SC uf iu,estigoc.tuns with M wirtk:ti 
transmitter of great "cti>ity by .. -t.idc nn·.• 
of a \'uJttnh.' uud tt"lbiou t.'<.,npau·uU.k- to I ho~ bO 
occurring jn netun~ \\~rc obtodn,·.J r·PJ·vl,. 
lems of Incrca.sil1g ll tunu u EueJ·g_v'' (.'~.:,..eury 
illagozinc .htnc• l!lfl{l nu.l Pnlwllh ().IS~'if;, 
649,~1, 7S7,H.'l Gn<l 1.119.1:\2) xl 011<'.: e~tul1· 
li~h t!.r falloiCy <>f the hith.,1.<> ll"''·~iliug ~~· 
notioH on "liidt tht! F'mukl in. t.\'~Je or ..... t 
is b:.\."lf'IIL ~how I he Uislim.·ti\t" aw•·~hy of tny 
ligbtniug pro~<~·tc>r. nntll'(u iU.. tlw <"<>llftl ruo·-
tor in tlu.· u,.., of tOY inn~otion. 

Iu Fig. 'i, ;, '' ,,,· >~H•Il splwl"t' 111 '"'"' • •1. · 90 
wilh 1 l•r·~e utk'. fi. 1:....rtly shu\o\u. ]C t''"' 
lx: pro\t..-d lJ)' the tht'OI'_Y or ~JecU·ie illlK!!l4 S 
Lhal wlocu the I "U b<•lie.• ,, ... ,.h,l"(-.'<~1 th•· 
mean denAicy nu the ~n.utJI or1r \\ill lw o11l.v 

,.> 
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· t.Wles ga"f!uh.·r t Ia au that on t lu~ olh\·1'. C ~n· 
"Eltctricit,v cmd :II hgMti~tu" h_,. : ( 'h•rl; 
M•xwcll) . In Fig. a. t.he t"o •t•bu"·" i :u~tl 
8 ore pl11c:;.'ll some .!U.iRJiet• a p~<t1. nml <'Oil· 

nected through u thin ,..;,.., !J. This •r~'~"' 
na,;ng becu c.z:cih.>tl us l~t.:fm·e..llu! den~ltv ou 
the sol\llll ~phm-e is likely to iJt' m•n.v t:n .. ·s 
thot on t he lu r:::c '"""· Siuc•· bvtb ur·t. : II 
the Sllooe poteutia I it follows •I in-:-t l_y th" 1. 

the dcnsitres on them will be ill'''''"'''l)' 11$ 

"their o·adii of cun-atu re. l( the clco~:>it\' uf 
7 be dcsig-11atoo '" d ancl the r·adm, •.• ilwn 
the chorj!e q=4•"2 d, the potcnriul . l• = h rtl 
and the out..w::trd fnrce. nonmtl tu tlw ~~~~ 
foet, f=~:d•. A> before sl:lt~•l. whn11 tl 
'U"P"""'"' ~0 C. G B. units. I he ftlr<'C ft ... 
<·omt-:~ ~unicie••tlv intc.·nse to break 410\\11 1 hu 
diclocll'ic- l4Hd n ·~·· t•:.twcr o•· ccln•a11• UPI•t•tu1-'. 
In thjscn.sc p=SOr., , A4~w·t•. with" KJ>ht.W4' 
of one <:t'l ltillle-h'r nhl ius diJOCI'U))tiou wnuld 
~Alice ploc.- nt " pot('llliu l p=SOr.=!/:11 .:~:!~ 
E. S . units. w · i;J.a:JH. l 'ult:-.. l.n l'(!alit.v. th•· 
(iischurg~ H<'CII l~ ut a fo\' 4'1 ttt·t~"'u r·t· a,. ... 
CoiiGelJliCIICt• of nnoven tli ... r.rihut.ion 011 1 he 
smull $pher-e. th~ tlensiL.Y bein;,! J,ttP:at~1 uu 
the: ~ide IUrnoU uway fJ-.uH th\: h..-~c urn-. 
In this r~spect the behK,·inr of n poiuh ... t 
couducwr is just tlw ""-~-""'- Tloeoo-etic11lh·. 
it mi<>bt CITOneou<lv IH! iufer.\lC\ fl'>lll tf1u 
pr-t'<~in~. lhftt .;;harP pmj~titm ... \\t>Uid )WI'· 
mit •·leo·cl'ici t.J It• t>'•'OI)lC' ;It tluo l o\\ t"~'l pu· 
ll·nl in I"". hut rlli:ro- do<'' not rollnw Thr r~·; t · 
<:nn u·ill be clMr from "n in>pC<'IIOn nf F ig. 
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4. in •~hich such u needl.e.shaped conductor 
10, ifi illustrntt>cl, tt minute portion of its 
t.H.pering .end being markL-d 11. Were this 
portion remo•·ed ffom .the l~r·ge part 10 and 

6 ~lectrically connecte<l "ith the same through 
an infini tely thin wire, the charge would he 
;:i•·en otf readily. But the pr~enc~ of 10 
hos t.he effect of reducing the capacity o.f 

. 11. so thnt 'n much higher pres,;ure ;., re-
)O~•Iuit·"d ti> ruire t.hc density to the critical 

valu~. The larg er the body. the more pt'O
nounced is this inftu~uce, which is nlso de· 
pendent on eonfiguration. and is mnximum 
for a sphere. When thu same is of con-

I 5 ' siderohle size it takes a much greater elec
tr-omo1i"c forc.e thnn under ord.innr'' rir<'nm· 
st,ln~ to produce strl'nn><•rs ft·om the point. 
To exp1nin this appnrent uuom:-tly attcnlion 
is culled to Fig. 3. 1f ihc' radii of the t.w., 

20 spher-es, 7 nut! !$, oo dcsignut"d , . 11nrl H n•-. 
spccti .. ely, their dtnrges '/ und Q nne! the 
distnnr~ b..twr<•n their <·enters D. the pu· 

tential at 7, due to Q is g. But 7 . owing to 
:!5 

· thr rnerullic <'On nect.ion 9. 1:0:. :d the pottontial 

Q_ q. 
R r 

~o Wheu D is compurnble to H. the medium 
surrounding the small sphere will ord inari ly 
br nt n potentia l not much different f rom 
th•t of the lat te r and millions of \'Oit~ muy 
ha •·c to be nppli .. d befot·~ streamer,; issui•. 

:15 r•cn from sharp protruding' edge>. 1 • is 
important to hear this in mincl. for th" 
enrth is but u m~t coudu<:ting glulw. It 
f<>lltm< that a puin~<l lightniui!·I'Otl m1'"t 
h<' ruu far abnn• gt·omHi in_ orrl.e-.r ~~ np••r;.ll~· 

<0 nt all , and f rom the fun·.gcung tt wtll be ap· 
parent thnt tho pniuti1og 'lf the end. for " 'P· 
p()sed cmissh·f' effeC't. is in p1trt u.-.ut ndized 
hy thP inc·t·cnsing si~(· I.e low the- ~~~trf'nle enc1, 
a nd the lnrgOI' the rO<l. f<>l' ri•duCIIOn of .-J~C· 

.c s t.rode resist:inct>, the. mvre JH'(UJOIInctd is this 
('Ollnte:r-infl.urnrr. For t.hese re~~n ~ it j$> 
imp<lrt1lnt to benr in min(l tlu\l snllicit\ ll l 
t-hidme« of the rod for very low ele<:t .. ·oclt·· 
1'<.'-'>ist :nu~r is r:tt her i uC'omputi. hit· w i 1 h 1 h(; 

~o high t>mi~-..ive t•~tpability oought in tl• t• lll't'· 

tlh: -lik(• Fr<tnklin-rod. hut. ll$ lwn•in:1 rt._.,. 
~t. frwth . it is wholly ctr!o;inthle in thP liSt> 
of m\' in"'nntiou. whc\r\~in Uw ronninttl ('011 · 

j:;fruci.inn i~ int€'Ucie0 (fiP ~"tiJ'JH'C..~ion u f 
s :> . rhnrgr ·rrni~~ion t·atht•l' thun In (n:->t••r it. 

Tile notim1 1hu t Fn•nklin':-> dt:·vin'. \H1tlld 
II(• efft'!cti\'('; in cli~i pnting t.Crl'l'S!I'ial c·hlll'~l':o. 
tn:\)' b~ t.r :HX•fl tO f':trJy CXfH'rHlH,'Il( ~ Wllh 
~tatic fdc·tionp l mM•.hiues. ""hP.II :1 rw<•dl~ 

60 <\':1~ fonn<l C':lp~bl• of 'lllio·k l,v draining All 

in"'<b tcd elect ,·iflo.<l horly. Rnt the innp pli
cahilit,· o f this fact to t he <:Ollditinll~ M 
I i,ght.nl ng p rot<•<· I ion will be evidclll f t ''Ill 
rx;•min~ti(lfl of thP r-;.i mple thc<lrcti•·:1l prin · 

6~ eiple-> in-;olv~d , which nt the sn mr I inw •nh 

stoutiate~ the desi rabi lity ,,f r.:<t"blis.hu>~ 
protect iou by a vnidi ng' >nch tlt·aiunge. T ile 
density al the puinted •nd f shoulrl b• ill 
versely as the 111dius of cut·•·at.un· uf th~ 
•urlace, but such a •l<>ndition is unr•n li:t•bk 10 
Suppose Fig. 4 to rept·esent " co11ductor uf 
radius 100 times t.hat of tbe needle: t.!J,·n, 
althou,gh it.~ su rface per unit leti~h is 
greater in the Sfttne rad io, the <!'lp:ll'it v is 
only c!ouble. Thus, whil • twi,·e thr <]U>nl- . 75 
lity o f elect-ricity is stOJ'NI. the <l•nsit,v nn 
the rod is but one-fiftieth of thut "" the"""' 
die, from which it follows that t b~ latu·r 
is far more efficient:- - But the emissi,·e power 
of any such conductor i~ circumserih<•l. , so 
Imngi ne thnt the ' 'pointed" (in reo lit~· h lunt 
or rounded) end be continuously ~du<·t·d in 
~ize sons tn uppfoxima.te t.he id!!nl mot·e aucl 
mor~. Duriug the process of redudion . the 
density will be increasing us the radiu~ of 8~ 
rurvature gel.;;; smallt>r. hnt in n proportion 
distinctly leo~ thon lin~n r ; on th~ other 
hnnrl, the m·ea of t.he 1\Xtr••tue end. that is. 
the section through which the charge pns,rs 
out into t.he ni r. will be di rninishing as the uo 
square of the ntdius. This n :lat.ion nlone 
impose.• • deflnit.e limit to the perfo•·IU:ll><'" 
nf a pointed conductor. ond it should J,c 
notk.ed thot t.he elect rode resi~tancr would 
be augmented at the same time. Fnrth~r- 9> 
more, the efficar.,v o f the rorl is mnch im
p~ircd through potentia l d ue tu the churl!~ 
of the ground. as has bern indicat.o;d with 
ref<•nmce to Fig. a. Practical estimaws of 
theelcctriea l quantiticsconcernccl in naturol . tOO 
disturhanct·s show, moreo\'cr. how nl>:::olut<'lv 
impossible are the fu netinns uHribntod t'o 
the point•d lightni ng tnncluctnr. A sin;.dc 
<:loud may t..-ontuin 2X 10'; C. 0. S. urlitsl ot' · 

more, iuduciug iu th<! c~trt h H.n <''tui,·a lt>u t '..J 05 
amount. wh ich a number of light.rung nxls 
could n ot neutralize in litany yea>-,; .... ]>,i r
t.icularly to instance conditions t.hnt mu.v 
hnve to be met, rrfcrence is m•de to ll•c 
F.lcctrictrl lV"rld of Mnrch 5. J!)Q·i, wherein ' 1 tO 
it np1wnrs that upon one OC<!'Ision appro~i-' ·. 
mn(.d \' 1 ~.000 stroke;:, o~:curn:d wifhiu t''U 
hour:;'' wial,iu a r.ulim; of le:'..-.; t.han 110 kilo· 
nwt~r.-; ft·om the phu:c of oh~t.·n·atiou . 

Uut alt hough t.ht• pointA:d l i~ht ni tt;4 t·ud 11:, 
i~ quitt.· itwlf<'<:fi ,·t· ill t l ic om· n;."'Vt"C'f m1l<·d. 
it hoi!'\ t lu.• prop(.>rty of aHra t•ing li;.;ht.nlrw 
to :1 hitrh dt)~ J'<!<'. tlt~th· 011 act·mmt v[ it~ 
~h:tpt0 :;lid St.(;ontll.v l!t~(:nUSl' it icmi:t.••!-i aucl 
n•ndc~ <·onchu·th·<' the !'>UIT6undiug :ur. 110 
This has 1)('.\'n unqut·stimt·tl>l.v (•stublh.lwd in 
loug t.•c •lllinuNl tc:-st .. .; with tiu· win'h·s.s tra n~· 
rnirtcJ: :1ho,·t>·mcutioned. unci in this fl'aturc 
lif'$ l ilt• ch it'f disadntn t.n::E' of lht• Fr·ankliu 
t.yp" of '!Prnratus. 125 

:\I I of the forcgoiug ~en~ tn ~how t.hu t. 
si nce it i~ nttrrly inlfH'nrtirnb l~ lo (·ffrt·t :ut 
o"lunliz:ttion of cha rges emi!'.~i•·cly through 
point~rllight ning-rocl, <mcler the conditinns 
pr('S('nterl by the ••ost for~' of na ture, great 130 
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uuprovement lies in the ,nU..inmllllt of a 
minimized probability of lightning stroke 
to the are• to be protected coupled with 
adequate conductivity to t'Cnder harmless 

5 thoiSO strokes th~t mo v. ll<>l with<tonding. 
occur. 

Furthcnuoo\!, n cOJT<'cl. applir,uion <>f tlw 
to·uths that hn '·~ tim< lx-.·u ~xpl niowd with 
t~fcre~ce to the f:unilinr point.•d type o f 

10 hehtnm~-rod nor onJ_,. •ubstnutial<'$ thP 
theoreticnl p rvpriPt." of thr fnrrn in which I 
t)e,·elop my impro''t tl li.l!htuiu,: protector. 
but will lead the install in;: ~ngim'<'t· proper!,· 
to tnlc•• COJ;!1tir:anc.- of lh<.o;c couditton" cine 

li> to locRiinn of the builtlinj!. with r.·•pect rn 
surrounciinsr C!a rt h fonnKt im'l" n nd other 
buildinl!~· prol>•biliti•·• ()( mnxinnmo polnn· 
t inl-di frot·ences nnd chn rj!<Hlmosi tio;: to bee;~:
pected uioder the prevu il i Ill( almosplwric 

"o c:onditions of the site, 11nd desi rable electrode 
resistance ond Cllpacitie.. n( the prole<:tors 
i nsta.lled. 

The improwd protector. •• ubow stated, 
beht.,·es in 11 manner jmt oppo~~ite to tho 

25 Franklin-ty pe and is incomparably safec for 
this reason. The result is secured by the use 
nf 1. term in~! or conducting sur! ace of Iorge 
radius o f cuna turc und sulliril\ltt ar•~ tn 
mak& the densitv very small and thet·ebv 

30 prevent the leakage of the cha•·~re ><nd tJ1e 
IOnization of tho air. The dc''ICc mAy be 
greatly vnnoo·in size and sb•pe but it is es
•cnt.ial th~t all it$ outer conducting ~lemeuts 
,bould be disposed along nn ide.1l env~Joping 

'35 surface of large rndius nntl that they should 
have a considerable total urcn. · 

In Fig. :>, Fig. 6, Fig. 1 nnd Ft)(. 8. differ
ent lrindR of such terminals 11nd arranj!e
mcnts of same are illustratfl<l. In F ig. 5. ill 

<0 is a cnst. or spun metal shoJI of ellipsoidal 
nutlines, having on its 1111der oido n sleeve 

.with n bushing 13 of porcolniu or other in
sulating matnrinl. adnp!W to be slipped 
tightlv 1111 n rod 14, which mny be"" orili-

46 n•ry lightning conductor. Fig. G shows o 
t~rminal 1:; made up of rounded or flat 
metal bars rndintinj! from a central bub 
which is supported diroctJy on ~ similt.r r".;J 
""d in clectr~cnl contact w1th tho ~ru&. The 

50 specia l object of this type ia to reduce the 
wind ~.sistanC\l, but it i• c;N>ntial t hat the 
bars h:l\·o n sufficient. Urt\1\ w insure Stul'll 
densil.)", nnd •.)so tho.t they ~1·o t:)()l;C enough 
t~) moko tho uggrl'g•tc cnpnotty noul'ly e<Jnal 

>6 to tha~ o f o. continuous shell ol the snme out
side dimensions. In F'ig. 1 ll cupola-shaped 
und earthed rnof is ca.rrird by a chimney, 
ser'•inr. in thi:l way the twofold proctical 
purpooo of hood and prot.octor. Any kind 

GO of met.al :naY b<' used in ito construction but 
it is indi•penR.'\blo that its out(lr snrfnoo 
should be froe of sho.rp edl(t'> und projec
r.ions from wbieh strea.met'tl might cmnoale. 
In lik~ IIHinno•· muffi .. rfl, funnels mod n'nk< 

o• mlly be tri\Jtsfonned into effooth·e lightning 

)Jmtectol-. of equtpp.:d with lt!Ut,.blc dev;,..,, 
or <IMij(ned in conformity with this invcu
t.ion. Still another modifiation is illustraW 
in Fig. 8 in which. instead o f one, fnur 
grounded bn ... lli'C provided with us mt.nv ., .. 
>pun llheil• nr atlachinent.s 18. <~"it.h t·he ob-
• inn> <•bjlll't. nf re<lucinl! t.ho risk. 

F"llltllor for"'loin~ it will b<' riMr thnt in 
aiJ O;i.<t',, tlte IN·miu.J prevents lr>k..g6 o( 
P)I'Ctricit~· und attendant ionization of th~ ; .; 
"" It is unmatet·id to thill t>nd whether it 
i• insulnh•d nr not. Should it bt struck tlw 
··nrrt'nl will p:lSS readily lo the ground citho•r 
•lil'~tl,\' or. :I S in F il!. a. thr.m~h n C.ln:lll nir. 
s.:up hNw••cn 12 nnd H. But such nn ot'rl "" 
~lent io rcodcr~d c:.:tremJI.v improbabl<l "". 
mg to tho fuel Utat there are evrrywhrro• 
points und projections on which the· telft'· 
I rial char!lc attains • high densitv ond when· 
the oir is oonizcd. Tlons U1e action of tilt im- s:. 
pro,·cd pl•otector is equi,·alent to 3 repellant 
force. This bein~ 90, it is uot necessary to 
~uppon it :t.t :1 great beil!hl, but thr ,:rround 
conne<:tinn $hould be tuade with the u:>~tol 
care anrl the conductor leading to it must be uu 
nf as ~m~IJ n ~lf.induction 11rid rosi~t.nnor ... ~ 
pntcticnble. 

T clnim ;t:t mv in\·cntion: 
I. A lightning prot<>ctor con;istilll! uf "" 

ele""led terminal, h~"ing its outer conduct· "'' 
ing boundui<~> ~n-:utged on surface. nf lar;:e 
radii of curvature in both dimensinus. ancl :\ 
!(rounded conductor of small self-induction, 
as set forth. 

2 . . \ lighll\ing protector compo.<ed of a 
mntellic sholl of luge radius of cu ... ·atu~ . 
and n grounded oonductor of s rnall sel f-in
tluctinn, as desoribed. 

3. Ap~_>arntua for protection ~gaut•t ,.t,. 
mospher1c discharges cnmprising un earth 
onnnoction of small rosistnnce. " cmuluctot" 
of small soil-induction and " t<wminnl car
ried by Lhc >11uno o.nd havin~~: a lr.rge radius 
of cut:\'Ut.Ul'O in two dimensions aA, nncl f<,r 
tbo purpooe &«l f"rth. 

~- In upparatus {or prot.c~t.to.u :\gaitiSL at 
moopheric dischargn~ an insubt«< mclalhr 
shell of IIIJ'l:li radiu~ of curvature suppot·trol 
by n grounded conductor and sep:u-ated from 
t.bo >.:1rno through"' II!WllJ :~ir-gap o.s, anti fnr 
thu p>orposo clco;cribtd. 

5. A lightning protector comprising, in 
combin .. tion iLll elev~ted terminAl n f la.r~.<e 
nrc11 und rndius of curvature in two <limen· 
sion•, a.nd a grounded C<lilduct.ar of small 
~elf-induction, us set forth. 

G. In 11pparatus for protect.ioo against 
lighiJlinj!! di&chargns, tho combination of tut 

~Je,·~t.xl m~>t.nllic roof of Jarp 31-e& a nd 
t-adius of cunaturo in two dimensions, and 
:o grounded ()Onductor of SJD4ll self-indnc
t.ion nnd t'CSistllnc.., ..,; described. 

7. As an 11rticle of manufacture a uw
tnllio: ~hull of large rnclius of cunnt.ure pro
vided 10itb u s leeve odu.ptetl for nttllchmcnt 
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to a Jightnin~t rod as, and •for tl1e purpotl8 
xet. forth. 

!>. A lightning protector· comprising an 
~llipsoida£ metallic >!hell and a grounded 

:. condn!'tor of srna.U ,;slf-induction, ~~.~ set 
forth. 

!1. In apparatus fur vrotection against at-

mospheric dilSCharges a cupola-shaped mP-
t.n llic terminal of smooth outer surface, in 
combina.tion with a grounded conductor of 1 r 
small self-induction and resistance. as de-
scribed. · • 

In testimony whereof I affix my si~ature. 
NIKOLA TbSLA. 

O.,t.et et ttLS..t vateat &af be ob~o4 tOT l'l'e oeata eaob. lt7 a44recnluc Ute ·· Co1ZU1llsa1o11.er of J'&tcAta. 
Wat.hiA~a. D. 0." 

• 
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1 

PHENOMENA OF ALTERNATING CURRENTS OF VERY HIGH 
FREQUENCY• 

Electrical journals are getting to be more and more interesting. New facts are 
observed and new problems spring up daily which command the attention of engineers. 
In the last few numbers of the English journals, principally in the Electrician there 
have been several new matters brought up which have attracted more than usual attention. 
The address of Professor Crookes has revived the interest in his beautiful and skilfully 
perfonned experiments, the effect observed on the Ferranti mains has elicited the 
expressions of opinion of some of the leading English electricians, and Mr. Swinburne has 
brought out some interesting points in connection with condensers and dynamo excitation. 

The writer's own experiences have induced him to venture a few remarks in regard 
to these and other matters, hoping that they will afford some useful information or 
suggestion to the reader. 

Among his many experiments Professor Crookcs shows some perfonned with tubes 
devoid of internal electrodes, and from his remarks it must be inferred that the results 
obtained with these tubes are rather unusual. If this be so, then the writer must regret 
that Professor Crookes, whose admirable work has been the delight of every investigator, 
should nqt have availed himself in his experiments of a properly constructed alternate 
current machine - namely, one capable of giving, say 10,000 to 20,000 alternations per 
second. His researches on this difficult but fascinating subject would then have been even 
more complete. It is tme that when using such a machine in connection with an 
induction coil the distinctive character of the electrodes - ·which is desirable, if not 
essential, in many experiments - is lost, in most .cases both the electrodes behaving 
alike; but on the other hand, the advantage is gained that the effects may be exalted 
at will. When using a rotating switch or commutator the rate of change obtainable in the 
primary current is limited. When the commutator is more rapidly revolved the primary 
current diminishes, and if the current be increased, the sparking, which cannot be 
completely overcome by the condenser, impairs considerably the virtue of the apparatus. 
No such limitations exist when using an :tlternatc current machine as any desired rate 
of change may be produced in the primary current. It is thus, possible to obt~in 
excessively high electromotive forces in the secondary circuit with a comparatively small 
primary current; moreover, the perfect regularity in the working of the apparatus may be 
rel ied upon. 

The writer will incidentally mention that any one who attempts for the first time 
to construct such a machine will have a tale of woe to tell. He will first start out, as 
a matter of course, by making an armature with the required number of polar projections. 
He will then get the satisfaction of having produced an apparatus which is fit to 
accompany a thoroughly Wagnerian opera. Jt may besides possess the virtue of converting 
mechanical energy into heat in a nearly perfect manner. If there is a reversal in the polarity 

• The Electrical World, Febr. 21, 1891 
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of the projections, he will get heat out of the machine; if there is no reversal, the heating 
will be less, but the output will be next to nO'thing. He will then adandon the iron in the 
armature, and he wi ll get f rom the Scylla to the Charybdis. He will look for one 
difficulty and will find another, but, after a few trials, he may get nearly what he 
wanted. 

Among the many experiments which may be performed with such a machine, of 
not the least interest are those performed with a high-tension induction coil. The 
character of the discharge is completely changed. TI1e arc is est:lblished at much greater 
distances, and it is so eas ily affected by the slightest current of air that it often wriggles 
around in the most singular manner. It usually emits the rhythmical sound peculiar to 
the alternate current arcs, but the curious point is that the sound may .be heard with 
a number of alternations far abOve ten thousand per second, which by many is considered 
to be :!.bout the limit of audition. In many respects the coil behaves like a static machine. 
Points impair considerably the sparking interval, electricity escaping from them freely, 
and from a wire attached to one of the terminals streams of light issue, as though it 
were connected to a pole of a powerful Toepler machine. All these phenomena arc, 
of course, mostly due to the enormous differences of potential obtained. As a consequence 
of the self-induction of the coil and the high frequency, the current is minute while 
there is a corresponding rise of pressure. A current impulse of some strength started 
in such a coil should persist to ·now no less than four ten·thclusandths of a second. As 
this time is greater than half the period, it occurs that an opposing electromotive force 
begins to act while the current is still flowing. As a consequence, the pressure r ises 
as in 3 tube filled with liquid and vibrated rapidly around its axis. The current is so 
small that, in the opinion and involuntary experience of the writer, the discharge of even 
a very large coil cannot produce seriously injurious effects, whereas, if the same coil 
were operated with a current of lower frequency, though the electromotive force would 
be much smaller, the discharge would be most certainly injurious. This result, however, 
is due in part to the high frequency. The writcr·s experiences tend to show t.'-oat the 
h igher the frequency the greater the amount of electrical energy which may be passed 
through the body without serious discomfort; whence it seems cert:lin that human tissues 
act as condensers. 

One is not quite prepared for the behavior of the coil when connected to 3 Leyden 
jar. One, of course, anticipates th:tt since the frequency is high the capacity of the jar 
should be small. He therefore takes :1 very small jar, :!.bout the size of :1 small wine 
glass, but he finds th:1t even with this jar the coil is practiCllly short-circuited. He then 
reduces the capacity until he comes to about the capacity of two spheres, say, ten 
centimetres in diameter and two to four centimetres apHt. TI1c discharge then assumes, 
the form of a serrated band exactly like a succession of sparks viewed in a rapidly 
revolving mirror; the serrations, of course, corresponding to the condenser discharges. 
In this case one m:ty observe :1 queer phenomenon. TI1e discharge starts at the nearest 
points, works gradually up, breaks somewhere ncar the top of the spheres, begins 
again at the bottom, and so on. This goes on so fast that several serrated bands are seen 
at once. One may be puzzled for a few minutes, but the explnnation is simple enough. The 
discharge begins at the nearest points, the air is heated and carries the arc upward until 
it breaks, when it is re-established at the nearest points, etc. Since the current passes easily 
through a condenser of even small capacity, it will be found quite natural that connecting 
only one terminal to a body of the same size, no matter how well insulated, impairs 
considerably the ·striking distance of the arc. 

Experiments with Geissler tubes are of special interest. An exhausted tube, devoid 
of electrodes of any kind, will light up at some distance from the coil. If a tube from 
a vacuum pump is near the coil the whole of the pump is brilliantly lighted. An 
incandescent lamp approached to the coi l lights up and gets perceptibly hot. If a lamp 
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have the ierminals connected to one of the binding posts of the coil and the hand is 
approached to· the bulb, a very curious and rather unpleasant discharge from the glass 
to the hand takes place, :tnd the filament may become incandescent. The discharge 
resembles to some extent the stre:tm issuing from ·the plates of a powerful Toepler 
machine, but is of incomparably greater quantity. The lamp in: this case acts as a 
mndensef. the rarefied gas being one coating, the operator's hand the other. By taking 
the globe of a lamp in the hand, and by .bringing the metallic terminals ·near tol or in 
oontact with a conductor. connected to the coil, the carbon is brought to bright 
incandescence and the glass is rapidly heated. With a 100-volt 10 c.p. lamp one may 
without great discomfort stand as much current as will bring the lamp to :1 considerable 
brilli:tncy; but it can be held in the hand only for a few minutes, as the glass is heated 
in :tn incredibly short time. When a tube is lighted by bringing it near to the coil it 
may be made to go out by interposing a metal plate on the hand between the coil and 
tube; but if the metal plate be fastened to a glass rod or otherwise insulated, the tube 
may cemaJn lighted if the plate be interposed, or may · even increase in luminosity. 
The effect depends .on the position of the plate and tube relatively to the coil, and may 
be always easily foretold by assumiug that conduction tak!!5 place from one terminal 
of the coil to the other . .According to the position of the plate, it may either divert 
from or direct the current to the tube. 

In another line of work the writer has in frequent experiments maintained 
incandescent lamps of 50 or 100 volts burning at any desired candle power with both 
the terminals of each lamp connected to a stout copper wire of no more than a few feet 
in length. These experiments seem interesting enough, but they arc not more so than 
the queer experiment of Far:tday, which has been revived and made much of by recent 
investigators, . and in which :1 discharge is made to jump between two points of a benl 
oopper wire. .An experiment may be cited here which may seem equally interesting. 
If a Geissler tube, the terminals of which are joined by a oopper wire, be approached 
to the coil, certainly no one would be prepared to see the tube light up. Curiously enough, 
it does light up, and, what is more, the wire does not seem to make much difference. 
Now one is apt to think in the first moment that the impedance of the wire might 
have something to do with the phenomenon. But this is of course immediately rejected, 
as for this an enormous frequency would be required. This result, however, seems 
puzzling only at first; for upon reflection it is quite clear that the wire can make but 
little difference. I t may be explained in more than one way, but it agrees perhaps best 
with observation to assume th~t conduction takes pbce from the terminals of the coil 
through the space. On this assumption, if the tube with the wire be hdd in any position, 
the wire can divert little more than the current which passes through the space occupied 
by the wire and the metallic terminals of the tube; through the adjacent space the 
current passes practically undisturbed. For this reason, if the tube be held in any position 
nt ri,l!ht angles to the line joining the binding posts of the coil, the wire makes hardly 
any difference, but in a position more or less parallel with th:~t line it impairs loa certain 
extent the brilliancy of the tube and its facility to light up. Numerous other phenomena 
m:~y be explained on the same assumption. For inst:tnce, if the ends of the tube be 
provided with washers of sufficient size and held in the line joining the terminals of 
the ooil, it will not light up, and then nearly the whole of the current, whid1 would 
otherwise pass uniformly through the space between the washers, is diverted thrc\Jgh 
the wire. But if the tube be inclined sufficiently to that line, it will light up in spite 
of the washers . .Also, if a metal plate be fastened upon a glass rod and held at right 
angles to the line joining the binding posts, and nearer to one of them, a tube held 
more or less parallel with the line will light up instantly when one of the terminal~ 
touches the plate, and ·will go out when separated from the plate. The greater the 

s:uface of the plate, up to a certain limit, the easier the tube will light up. When 
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a tube is placed at right angles to the straight line joining the binding posts, and then 
rotated, its lwninosity steadily increases until it is parallel with that line. The writer 
must state, however, that he does not favor the idea of a leakage or current through 
the space any more than as a suitable explanation, for he is convinced that all these 
experiments could not be performed with a static machine yielding a constant difference 
of potential, and that condenser actidn is largely concerned in these phenomena. 

It is well to take certain precautions when operating a Ruhmkorff coil with very 
rapidly alternating currents. The primary current should not be turned on too long, 
else the core may get so hot as to melt the guta-percha or paraffin, or otherwi"se injure 
the insulation, and this may occur jn a surprisingly short time, considering the current's 
strength. The primary current being turned on, the fine wire terminals may be joined 
without great risk, the impedance being so great that it is difficult to force enough 
.current through the fine wire so as to injure it, and in fact the coil may be on the whole 
much 5afer when the terminals of the fi ne wire are connected than when they art 
insulated; but special care should be taken when the terminals are connected to the 
coatings of a Leyden jar, for with anywhere near the critical capacity, which just 
counteracts the self-induction at the existir.g frequency, the coil might meet the fate 
of St, Polycarpus. If an expensive vacuum pump is lighted up by being near to the coil 
or touched with a wire connected to one of the terminals, the current should be left on 
no more than a few moments, else the glass will be cracked by the heating of the 
rarefied gas in one of th·e narrow passages - in the writer's own experience quod erat 
demomtrandum.l 

There are a good ma:~y other points of interest which may be observed in 
connection with such a machine. Experiments with the telephone, a conductor in a 
strong field or with a condenser or arc, seem to afford certain proof that sounds far 
above the usual accepted limit of hearing would be perceived. A; telephone will emit 
notes of twelve to thirteen thousand vibrations per second; then the inability of the core 
to follow such rapid alternations begins to tell. If, however, the magnet and core be 
replaced by a condenser and the terminals connected to the high-tensicln secondary of a 
transformer, higher notes may still be heard. If the current be sent around a finely 
laminated core and a small piece of thin sheet iron be lield gently against the core, a 
sound may be still heard with thirteen to fourteen thousand alternations per second, 
provided the current is sufficiently strong. A small coil, howev.er, tightly packed between 
the poles of a powerful magnet, will emit a sound with the above number of alternations, 
and arcs may be audible with a still higher frequency. The limit of audition is variously 
estimated. In Sir William Thomson's writings it is stated somewhere tl1at ten thousand 
per second, or nearly so, is the limit. Other, but less reliable, sources give it as high 
as twenty-four thousand per second. The above experiments have convinced the writer 
that notes of an incomparably higher number of ''ibrations per second would be 
perceived provided they could be produced with sufficient power. TI1ere is no reason 
why it should not be so. The condensations and rarefactions of the air would 
necessarily set the diaphragm in a corresponding vibration and some sensation woi.tld 
be P!Oduced, whatever - within certain limits - the velocity of transmission to their 
nerve centres, though it is probable that for want of exercise the ear would not be able 
to distinguish any such high note. With the eye it is different; if tbe sense of vision 
is based upon some resonance effect, as many bel ieve, no amount of increase in the 
intensity of the ethereal vibration could extend our range of vision on either side of 
the visible spectrum. 

1 ) It is thought necessary to remark that,:!lthough the induction coil may give quite ~good result 
when operated with such rapidly alternating currents, yet its construction, quite irrespective of 
the iron core, makes it very unfit for such hish frequencies, and to obtain the best results the 
construction should be greatly modified. 
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The limit of audition of an arc depends on its size. The greater the surface by 
a given heating effect in the arc, the higher the limit of audition. The highest notes 
arc emitted by the high-tension discharges of an induction coil in which the arc is, so 
to speak, all surface. If R be the resistance of an arc, and C the current, and the linear 
dimensions be 11 times increased, then the resistance is : , and with the same current 
density the current would be n2C; hence the heating effect is ns times greater, while 
the surface is only n2 times as great. For this reason very large arcs would not emit 
.1ny rhythmical sound even with a very low frequency. It must be observed, however, 
that the sound emitted depends to some o.'tent also on the composition of the carbon. 
If the carbon contain highly refractory material, this, when heated, tends to maintain 
the temperature of the arc uniform and the sound b lessened; for this reason it would 
seem th:1t :\n :1ltern:1ting :trc requires such carbons. 

With currents of such high frequencies it is possible to obtain noiseless arcs, but 
the regulation of the lamp is rendered extremely difficult on account of the excessively 
small attractions or repulsions between conductors c-onveying these currents. 

An interesting feature of the arc produced by these rapidly alternating 
currents is its persistency. There arc two causes for it, one of which is always 
present, the other sometimes only. One is due to the character of the current 
:tnd the other to a property of the machine. The first cause is the more important one, 
and is due directly to tho rapidity of the altero:~tions. When an arc is formed by a 
periodically undulating current, there h a corresponding undulation in the temperature 
of the gaseous column, and, therefore, a corresponding undulation in the resist:~ncc of 
the arc. But the resistance of the arc varies enormously with the tt;>mperature of the 
gaseous column, being practically infinite when the gas between the electrodes is 
cold. The persistence of the arc, therefore, depends on the inability of the column to 
cool. It is for this reason impossible to maintain an arc ~ith the current alternating 
only a few times a second. On the other hand, with a practically continuous current. 
the arc is easily maintained, the column beirig constantly kept at a high temperature 
and low. resistance. The higher the frequency the smaller the· time interval during 
which the arc may cool and increase considerably in resistance. With a frequency of 
10,000 per second or more in an arc of equal size excessively small variations of 
temperature are superimposed upon a steady temperature, like ripples on the surface 
of a deep sea. The heating effect is practically continuous and the arc behaves like one 
produced by a continuous current, with the exception, however, that it may not be quite 
as easily started, and that the electrodes are equally consumed; though the writer has 
obsen·cd some irregularities in this respect. 

The: second cause alluded to, which possibly may not be present, is due to the 
tendency of a machine of such high frequency td m:1intain a practically constant current. 
When the arc is lengthened, the electromotive: force rises in proportion :1nd the arc 
appears to be more persistent. 

Such :1 machine is eminently adapted to mll.intain a constant current, but it is very 
unfit for a constant potential. As a matter of fact, in certain types of such machines 1 

nearly constant current is an :~!most unavoidable result. As the number of poles or polar 
projections is greatly increased, the clearance becomes of great importance. One has 
really to do with a great number of very small machines. Then there is the impedance 
in the armature, enormously augmented by the high frequency. Then, again, the magnetic 
leakage is facilitated. If there are three or four hundred alternate poles, the leakage 
is so great that it is virtually the: same as connecting, in a two-pole machine, the poles 
by a piece of iron. This disadvantage, it is true, may be obviated more or less by using 
a field throughout of the same polarity, but then one encounters difficulties of a 
different nature. All these things tend to m:1int:1in :1 constant current in the armature 
circuit. 
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In this connection· it is interesting to notice that even to-day engineers arc astonished 
at the performance of a constant current machine, just as, some years ago, they used 
to consider it an extraordinary performance if a machine was capable of maintaining a 
constant potential difference between the terminals. Yet one result is just as ·easily secured 
as the other. It must only be remembered that in an inductive apparatus of any kind, 
if constant potential is required, the inductive relation between the primary or exciting 
and secondary or armature circuit must be the closest possible; whereas, in an apparatus 
for constant current just the opposite is required. Furthermore, the opposition to the 
current's flow in the induced circuit must be as small as possible in the former and 
as great as possible in· the latter case. But opposition to a cilrrent's flow may be caused 
in more than one way. It may be caused by ohmic resistance of self-induction. One may 
make the induced circuit of a dynamo machine or transformer· of such high resistance 
that when operating devices of considerably smaller resistance within very wide limits 
a nearly ccinstant current is maintained. But such high resistance involves a great loss 
in power, hence it is not practicable. Not so self-induction. Self-induction does not 
necessarily mean loss of power. The moral is, use self-induction instead of resistance. 
There is, however, a circumstance which favors the adoption of this plan, and this is, 
that a very high self-induction may be ·obtained cheaply by surrounding a comparatively 
small length of wire more or less completely with iron, and, furthermore, the effect 
may be exalted at will by causing a rapid undulation of the current. To sum up, the 
requirements for constant current are: Weak magnetic connection between the induced 

.and inducing circuits, greatest possible self-induction with the least resistance, greatest 
practicable rate of change of the current. Constant potential, on the other hand, requires: 
Closest magnetic connection between the circuits, steady induced current, and, if possible, 
no reaction. If the latter conditions could be fully satisfied in a constant potential 
machine, its· output would surpass many times that of a machine primarily designed to 
·give constant current. Unfortunately, the type of machine in which these conditions may 
be satisfied is of little practical value, owing to the small electromotive force obtainable 
and the difficulties in taking off the current. 

With their keen inventor's instinct, the now successful arc-light men have early 
recognized the desiderata of a constant current machine. TilC~ir arc light machines have 
weak fields, large amutures, with a great length of copper wire and few commutator 
segments to produce great variations in the current's strength and to bring self-induction 
'into play. Such machines may maintain within considerable limits of variation in the 
resistance of the circuit a practically . constant current. Their output is of course 
correspondingly diminished, and, perhaps with the object in vie.w not to c'ut down the 
output too much, a simple device compensating exceptional variations is employed. The 
undulation of the current is almost essential to the commercial success of an arc-light 
system. It introduces in the circuit a steadying clement taking the place of a large ohmic 
resistance, without involving a great loss in power, and, what is more important, it 
allows the use of simple clutch lan1ps, which with a ament of a certain number of 
impuls~'S per second, best suitable for each particular lamp, will, if properly attended 
to, regulate even better than the finest clock-work lamps. This discovery has been n)ade 
by the writer -· several years too late. 

It has been asserted by competent English electricians that in a constant-current 
machine pr transformer the regula~ion is effected by varying the. phase of the secondary 
current. That this view is erroneous may be easily proved by using, instead of lamps, 
devices each possessing self-induction and capacity or self-induction and resistance -
that is, retarding and accelerating components - in such proportions as to not affect 
materially the phase of the secondary current. Any number of such devices may be: 
inserted or cut out, still it will be found that the regulation occurs, a constant current 
being maintained, while the electromotive force is varied with the nwnber of the devices. 
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The change of phase of the. secondary current is simply a result following . from the 
changes:in· resistance,. and, though secondary rea~ion is always of more or less importance, 
·yet the · ·real cause . of ·the re~:,'Ulation lies in .the existence of the conditions .above 
enumerated: It should be stated; however, that in the.casc .of a machine the above remarks 
·are to 6e restricted · to the cases in ·which the ma~ine is inde~qden!ly excited. if the 
excitation be effected by ·commutating. the armature current, · then the fixed position ,.of 
the brushes makeS any' shifting of the neut~· line ~f the utmost importance, and .it 
may ·not be thought immodeSt of the writer to mention. tl)a'.t, as far as records go, he 
seems to have been the first. who has successfully regulated machines bY. , providing a 
bridge· connection between a point of the external circuit and the commutator by means 
of a third' brush. The armature and field being :properly: proportioned and the brushes 
placed in their determined pos.itions, a constant current or constant potential ·resulted 
from the shifting of the diameter of commutation ·by the varying loads. , . 

In connection with machines 'of such high frequencies, .the condenser · affotds: an 
especially interesting study. It is easy to raise the electromotive force of such a machin~ 
to four 'Of five times the value by simply connecting the condenser · to the circuit; ·and 
the writer has continually used the condenser for the purposes of regulation, as suggested 
by Blakesley in his book' on alternate currents, in which he has treated ·the mos.l 
frequently occilrring condenser.· problems with exquisite ·simplicity and .. dearness. ·TI1e 
high f~uency allows the ·use of ·small capacities and renders investigation · easy. But, 
although in most of ·the experiments the resu lt may be foretold, some phenomena 
observed seem at first cUrious. One experiment performed three.or four· months ago with 
such a machine and a condenser· may serve as an illustration. A machine was, used giving · 
about 20,000 alternations per second. Two bare wires about twenty feet long and· two 
millimetres in diameter, in dose proximity to each other, were connected to the terminals 
of the machine ·at the one end, and to a condenser· at the other. A small· transformer 
without an iron core, of course, was used to bring the reading within range of a Cardew 
voltmeter by connecting the voltmeter to the secondary. On the terminals of the condenser 
the electromotive force was about 120 volts, and from there inch by inch it gradually·fell 
until at tl1e terminals of the machine. it was about 65 volts. It •was .virtually as ·though 
the condenser were a generator, and the line and armature circuit simply a resi~tal)..ce 
connected to it. The writer looked for a case of resonance, but he was unable to augment 
the effect by varying the. capacity very carefully and graduall)•. or by charging the speed 
of the machine. A C:l.Se of pure resonance he was unable to obtain. When a condenser 
was connected to .the terminals of the machine - the self-induction of the armature 
being f irst determined in the maximum and minimum position and the . mean value 
taken - the capacity which gave the highest electromotive force corresponded most 
nearly to that which just counteracted the self-induction with the existing frequency. If 
the capacity was increased or diminished, the electromotive force fell as expected. 

\Xfith frequencies as high as the above mentioned, the condenser effects, . are of 
enormous importance. The condenser becomes a highly efficient apparatus capable of 
transferring considerable energy. 

The writt:r has thought m:tchines of high frequencies may find use at least in 
cases when transmission at great d istances is not contemplated. The increase of t\Je 

. resistance may be reduced in the conductors and exalted in · the devices when heating 
effects are wanted, transformers may be made of higher efficiency and greater ,outputs 
and .valuable results may be secured by means of condensers . In using machines of high 
frequency the writer has been able .lo observe condenser effects whith would have 
otherwiSe escaped his notice. He has been very much interested in the phenomen'on 
observed on the Ferranti . main which has been so much spoken of. Opinions have 
been· ·expressed by .competent electrici:111s, but up to the present all still seems ~? 
be .conjecture. Undoubtedly 111 the views expressed the truth must be containeJ, 
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but as the opuuons differ some must be erroneous. Upon seeing the diagr:un 
of M. Ferranti in the Electrician of Dec. 19 the writer has formed his opinion of the 
effect. In the absence of all the necessary data he must content himself to express in 
words the pr~ess which, in his opinion, must undoubted ly occur. The condenser brings 
about two effects: (1) It changes the phases of the: currents in the branches; (2) it 
changes the strength of the currents. As regards the change in phase, the effect of 
the condenser is to accelerate the current in the secondary at Deptford and to retard 
it in the primary at London. The former has the effect diminishing the self-induction 
in the Deptford primary, and this means -lower electromotive force on the dynamo. The 
retardation of the primary at London, as far as merely the phase is concerned, has little 
or no e~fect since the phase of the current in the secondary in London is not 
arbitrarily kept. 

Now, the second effect of the condenser is to increase the current in both the 
branches. It is immaterial whether there is equality between the currents or not; but 
it is necessary to point out, in ordc:r to see the importance of the Deptford step-up 
transformer, that an increase of the current in both the branches produces opposite effe'cts. 
At Depttord it means further lowering of the electromotive force at the primary, and 
at London it means increase of the electromotive force at the secondary. Therefore, all 
the things co-act to bring about the phenomenon observed. Such actions, at least, have 
been formed to take place under similar conditions. When the dynamo is connected 
directly to the main, one can see that no such action can happen. . 

The writer has been particularly interested in the suggestions and views expressed 
by Mr. Swinburne. Mr. Swinburne has f requently honored him by disagreeing with 
his views. Three years ago, when the writer, against the prevailing opinion of engineers, 
advanced an open circuit transformer, Mr. Swinburne was the first to condemn it by 
stating in the Electrician: '"The (Testa) transformer must be inefficient; it has magnetic 
poles revolving, and has thus an open magnetic circuit". Two years later Mr. Swinburne 
becomes the champion of the open circuit transformer, and offers to convert him. But, 
tempora mutantur, et nos mutamur in illis. 

The writer cannot believe in the armature reaction theory as expressed in Industries, 
though undoubtedly there is some truth in it. Mr. Swinburne's interpretation, however, 
is so broad that it may mean anything. 

Mr. Swinburne seems to.bave been the f irst who has called attention to the heating 
of the condensers. The astonishment e"--pressed at that by the ablest electrician is a 
striking illustration of the desirability to execute experiments on a large scale. To the 
scientif ic investigator, who deals with the minutest quantities, who observes the faintest 
effects, far more credit is due than to one who experiments with apparatus on an 
industrial scale; and indeed history of science has recorded examples of marvelous 
skill, patience and keenness of observation. But however g reat the skill, and however 
keen the observer's perception, it can only be of advantage to magnify an effect and 
thus facilitate its study. Had Faraday carried out but one of his experiments- on dynamic 
induction on a large scale it would have resulted in an incalculable benefit. 

In the opinion of the writer, the heating of the condensers is due to three distinct 
causes: first, leakage or conduction; second, imperfect elasticity in the dielectric, and, 
third, surging of the charges in the conductor. 

In many experiments be has been confronted with the problem of transferring the 
g reatest possible amount of energy across a dielectric. ·For instance, he has made 
incandescent lam~s the ends of the filaments being completely sealed in g lass, but 
attached to interior condenser coatings so that all the energy required had to be transferred 
across the glass with a condenser surface of no more than a few centimetres square.'. Such 
lamps would be a practical success with sufficiently high frelluencies. With alternations 
as high as 15,000 per second it was easy to bring the filaments to incandescence. W'itb 
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lower frequencies this could also be effected, but the potential difference had, of course, 
to be increased. The writer has then found that the glass gets, after a while, perforated 
and the varuum is impaired. The higher the frequency the longer the lamp 
can withstand. Such a deterioration of the dielectric always takes place when the amount 
of energy tr:msfe.rred across a dielectric of definite dimensions and by a given frequency 
is too great. Glass withstands best, but even glass is deteriorated. In this case the 
potential difference on the plates is of course too great and losses by conduction and 
imperfect elasticity result. If it is desirable to produce condensers capable to stand 
differences of potential, then the only dielectric which wi ll involve no losses is a gas 
under pressure. The writer has worked with air under enormous pressures, but there 
are a great many practical difficulties in that direction. He thinks that in order to m:1ke 
the condensers of considerable practical utility, higher frequencies shoUld be used: 
though such a plan has besides others the great disadvantage that the siystem would 
become very unfit for the operation of motors. 

If the writer does not err Mr. Swinburne has suggested a way of exciting an 
alternator by means of a condenser. For a number of ye:1rs past the writer has carried 
on experiments with the object in view of producing :1 practical self-exciting alternator. 
He has in a variety of ways succeeded in producing some excitation of the magnets by 
means of alternating currents, which were not commutated by mechanical devices. 
Nevertheless, his experiments have revealed a fact which stands as solid as the rock 
of Gibraltar. No practical excitation can be obtained with a single periodic:llly varying 
arid not commutated curt:,ent. The reason is that the changes in the strength of the 
excitin~ current produce corresponding changes in the field strength, with the result 
of inducing currents in the armature; ~nd these currents interfere with these produced 
by the motion of the armature through the field, the former being a quarter phase in 
adVllnce of the latter. If the field be laminated, no excitation can be prdduced; if it be 
not laminated, some excitation is produced, but the magnets are heated. By combining 
two exciting .currents - displaced by a quarter phase, excitation may be produced in 
both oises, and if the magnet be not laminated the heating effect is comparatively small, 
as a uniformity in the field strength is maintained, and, were it post>ible to produce a 
perfectly uriiform field, excitation on this plan would give quite practical results. If such 
results are to be secured by the use of a condenser, as suggested by Mr. Swinburne, it 
is necessary to combine two circuits separated by a quarter phase; that is to say, the 
armature coils must be wound in two sets and connected to one or two independent 
condensers. The writer has done some work in that direction, but must defer the 
description of the devices for some future time. 
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AN ELECfROLYTIC CLOCK* 

If a delicately and pivoted and well-balanced mctll disc or cylinder be placeci in a 
proper plating solution ·midway between the anode and mthode, one half of the disc 
becomes ·electro positive and the other half electro negative. Owing to this fact metal is 
deposited on one, and taken off from the other half, and the disc is mused to rotate 
under the action of gravity. As the amount of metal deposited and bken off is 
proportionate to the current strength, the speed of rotation, if it be sm:~ll, is proportionak 
to the current. 

The first device of this kind was operated by me early in 1888, in the endeavor 
to construct an electric meter. Upon learning, however, that I had been anticipated by 
o.thers, as far as the principle is concerned, I devised the apparatus illustrated in th:: 
accompanying engraving. Here F is a rectangular frame of hard rubber which is fastened 

upon a wooden base. This frame is about +inch thick, 6 inches long and 5 inches high. 

On both of its upright sides are fastened thick metal pbtes which serve as the electrodes. 
These plates are held firmly against the rubber frame by the binding posts T T and 
T1 T1 . On the lateral sides of the frame are f:~stened the brass plates B and Bl> 
respectively, of the same shape as the rubber frame F. These brass plates serve to keep 
in place two plates of polished glass, and the vessel is hermetically seaJed by placing 
a soft rubber washer under and above each of the glass plates. In this manner the plates 
m:~y be screwed on tight without fear of breaking them. 

The plating solution, which in this case is a concentrated solution of sulphate of 
copper, is poured in through an opening on the top of the rubber frame, which is closed 
by a plug R. 

In the centre of the vessel is pr."lced a light and delic-.1tely balanced copper disc D, 
the axis of which is supported by a capillary glass tube which is fixed to one of the 
glass pl:lres by means of sealing wax, or other material not attacked by the liquid. 
To diminish the friction as much as possible, the capill:uy tube which serves as a 
bearing contains a drop of oil. TI1e centre of disc should be equi-distant from both the 
elect.rodes. To one side of the axis of the disc is fastened a very light indic:ttor or 
pointer consisting preferably of a tllin glass thread. The glass plate next to this pointer 
has a circle with the usual hour divisions engraved upon it, as on a clock dial. This circle 
may be movable so th:tt it can be put in any position relatively to the ~nter. If the 
di:tl is not movable then a thin wire of annealed iron may be used as on a pointer. The 
wire should th~"fl be so placed that it is exactly in the centre of the solution. By means 
of a horse-shoe magnet the disc may then be rotated lnd set in proper position. 

• The Electrical Ensineer, May 6, 1891. 
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The copper solutipn being c:trefully poured in, nnd the plug R repbced, the 
termin:tls of :1 constant current battery nrc connected to the binding-posts T Tt, and 
from time to time the rotation of the disc is observed. A shunt is connected to the other 
two binding-posts TTl, :tnd by vnrying the resistance of this shunt, o r other disc, the 
speed of rotation is regulated until it is mlde to correspond to the division of the dial; 
th:tt is, until, for instance, one tum is made in 12 hours . 

• 

Obviously this instrument was not devised ·for a practical purpose. Neither will tt 
be quite exact in its indications. There lrc certain errors, unavoidable from the principle; 
for instance, the friction, which cannot be completely overcome. But the device is 
interesting as a mc:tns of indicating time in a novel manner. It will, however, be found 
that by a c:treful construction, constant atrrent, and a temperature compensator, it may 
bz made to rotate with almost perfect unifonnity. The current density should, of course, 
be very sm:tll to secure the best results, and the disc of nbout 3 inches dinmeter should 
turn once in 6 hours. It is prob:tblc th:tt with :1 silver solution and :1 silver plate better 
results would be obt:~incd. 

It is very interesting to note the :~ppcar:~nce of the solution and elise in such a 
n:trrow transparent vessel. The solution appears a clear blue, one side of the disc seems 
to be silver white in a certain position, and the other half i:; dark I ike tarnished silver. 
There is no line of dcmarc:ttion, but the shades melt bc:lUtif ully together. 
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ALTERNATE CURRENT ELECTROSTATIC INDUCTION APPARATUS • 

About a year and a half ago while engaged in the -study of alternate currents 
of short period, jt occurred to me that such currents could be obtained by rotating 
charged surfaces_ in dose proximity to conductors. Accordingly I devised various forms 
of experimental apparatus of which two arc illustrated in the accompanying engravings . 

• 

. ' 

Fig. 1. 

In the apparatus shown in Fig. 1, A is a ri ng of dry shellacked hard wood provided 
on its inside with two sets of tin-foil coatings, a and b, all the tl coatings and all the b 
coatings being connected together, respectively, but independent from each other. These 
two sets of coatings arc connected to two terminals, T. For the sake of clearness only 
a few coatings are shown. Inside of the ring A, and in close proximity to it there is 
arranged to rotate a cylinder B, likewise of dry, shellacked hard wood, and provided 
with two similar sets of coatings, al and b l , all the coatings al being connected to one 
ring and all the others, bl, to another marked + :tnd - . These two sets, t~l and bl 
are charged to a high potential by a Holtz or \Xi'imshurst machine, and may be connected 
to a jar of some capacity. The inside of ring A is coated with mica in order to increase 
the induction and also to allow higher potentials to be used. 

• The Electrical Engineer, N.Y., May 6. 1891 
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When the cylinder B with the charged coatings is rotated, a circuit connected to the 
terminals T is traversed by alternating currents. Another form of apparatus is illustrated 
in Fig. 2. In this apparatus the two sets of tin-foil coatings are glued on a plate of 
ebonite, and a similar plate which is rotated, and the coatings of which are charged 
as in Fig. 1, is provided. 

l'is. 2. 

TI1e output of such an apparatus is very small, but some of the effects peculiar 
to alternating currents of short periods may be observed. The effects, howC\'Cr, cannot 
be compared with those obtainable with an induction coil which is operated by :ln 
alternate current machine of high frequency, some of whid1 were described by me a 
short while ago. 

-
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ELECTRIC DISCHARGE IN VACUUM TUBES• 
.. 

.· 

In The Eleclrical Engineer of June 10 I have noted the description of some 
experiments of Prof. J. J. Thomson, on the "Electric Discharge in Vacuum T ubes,"' 
and in your issue of June 24 Prof. Elihu Thomson describes an experiment of the s~me 
kind. The fundamental idea in these experiments is to set up an clectromoti·Je force in ~ 
vacuum tube - preferably devoid of any electrodes - by means of clcctromagnctic 
induction, and to excite the tube in this manner. 

As I view the subject I should think that to any experimenter who had c~refully 
studied the problem confronting us and who attempted to find a solution of it, this 
idea must present itself as naturally as, for ins~ncc, the idea of replacing the tinfoi l 
coatings of a Leyden jar by rarefied gas and exciting luminosity in the condenser thus 
obtained by repeatedly charging and discharging it. The idea being obvious, whatever 
merit t~ere is in this line of investigation must depend upo'n the completeness of the 
study of the subject and the. correctness of the observations. The following lines are 
not penned. with any desire on my part to put myself on record as one who has performed 
similar experiments, but with a desire to assist other experimenters by pointing out 
certain p:culiarities of the phenomena observed, which, to all appearances, have not 
been noted by Prof. J. J. Thomson, who, however, seems to have gone about 
systematically in his investigations, and who has been the first to make his results 
known. These peculiarities noted by me would seem to be at variance with the views of 
Prof. J. J. Thomson, and present the pht?11omena in a different light. 

My investigations in this line occupied me princip~lly durin,!\ the winter and spring 
of the past ycar. D uring this time many diffcrcnt experiments were performed, and 
in my exchanges of ideas on this subject with Mr. Alfred S. Brown, of the W'cr.i:cm 
Union Telegraph Company, various different dispositions were Snf!,~<estecl which were 
carried out by me in practice. fig. 1 n1a)' serve as an example of one (lf the many 
forms of apparatus used. This consisted of a large glass htbe scaled at one end and 
projcctin!( into an ordinary incandescent lamp bulb. The primary, usually ('OnsistillJ! 
of a few htrns of thick, well-insulated copper sheet was inserted within the tube. th~ 
inside space of the bulb furnishing the secondary. This form of ~pparahts w~s :mivcd 
at after some experimenting, and was used prin,ipally with the _;iew of enabling me 
to place a polished reflecting surface on the inside of the tube, and for this purpose 
the last . turn of the primary was covered with n thin silver sheet. In all forms of 
apparatus used there was no special difficulty in exciting a Jwninous circle or cylinder 
in proximity to the primary. 

As to the number of turns, I cannot quite understand why Prof. J. J. Thomson 
should think that a few turns were "quite sufficient", but kst I should impute to him 
an opinjon he may not have, I will add that J have gained this impression from the 

• The Electrical Engineer. N.Y., July 1, 1891 
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reading of the published. abstracts of his lecture. Clearly, the number of turns which 
gives the best result in any case, is dependent on the dimensions of the apparatus, and, 
were it not for various considerations, one tl!rn would always give the best result. 

I have found that it is preferable to usc m these experiments ru: alternate current 
machine giving a moderate number of alternations per 
second to excite the induction coil for charging the 
Leyden jar which discharges through the primary -
shown diagrammatically in Fig. 2, - as in such case. 
befMe the disruptive discharge takes place, the tube or 
bulb is slightly excited and the formation of the 
luminous circle is decidedly facilitated. But I have also 
used a Wimshurst machine in some experiments. 

Prof. J. J. Thomson's view of the phenomena under 
consideration seems to be that they are wholly due to 
electro·magnetic action. I was, at one time, of the same 
opinion, but upon carefully investigating the subject 
I was led to the conviction that they are more of an 
electrostatic nature. It must be remembered that in these ~ 
(>Xperiments we have to deal with primary currents of ~ 
an enormous fre<Juency or rate of change and of high 
potential, and that the secondary conductor consists of a 
rarefied gas, and that under such conditions electrostatic l'is. 1. 

effects must play an important part. 

In support of my view I will describe a few experiments made by me. To excite 
luminosity in the tube it is not absolutely necessary that the conductor should be closed. 
For instance, if an ordinary exhausted tube (preferably of large diameter) be surrounded 
by a spiral of thick copper wire serving as the primary, a feebly luminous spiral may 
be induced in the tube, roughly shown in Fig. 3. In one of these experiments :1 curious 
phenomenon was observed; namdy, two intensely luminous circles, each of them close 
to a turn of the primary spiral, were formed inside of the tube, and I attributed this 
phenomenon to the existence of nodes on the primary. The circles were connected by 

p 

f ig. 2. 

a faint luminous spiral parallel to 
the primary and in close proximity 
to it. To produce this effect I have 
found it necessary to strain U1e jar 
to the ubnosl The turns of the 
spirnl tend to close anJ form 
circles, but this, of course, would 

be expected, and docs not necessarily indic.'lte an electro-magnetic effect; whereas 
the fact that a glow can be produced along the primary in the form of an open 
spiral :trJ,>uCs for an electrostatic effect. 

In using Dr. Lodge's recoil circuit, the electrostatic action is likewise apparen t. 
The :mangemcnt is illustrated in Fig. 4. l n his experiments two hollow exhausted 
tubes H H were slipped O\'Cr the wires of the recoil circuit and upon discharging the 
jar in the usual manner luminosity was excited in U1c tubes. 

Another experiment performed is illustrated in Fig. :>. In tl1is case an o rdinary 
lamp-bulb was surrounded by one or two turns of thick copper wire P and the luminous 
circle L excited in the bulb by discharging the jar through the primary. The lamp·bulb 
was provided with a tinfoil coating on the side opposite to the primary and each time 
the tinfoil coating was connected to the ground or to a l:lrgc object the lwninosity of 
the circle was considerably increased. This was evidently due to electrostatic action. 

43, Nikola Tesla 
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In other experiments I have noted that when the primary touches the gbss the 
luminous circle is easier produced and is more sharply defined; but I have not noted 
that, generally speaking, the circles induced were ve.ry sharply defined, as Prof. J: ). 
Thomson has observed; on the contracy, m my expenments they were broad and often 
the whole of the bulb or tube was illuminabed; and in one case I have observed 

an intensely purplish glow, to which 
Prof. J. J. TI1omson refers. But the 
circles were always in close proximity 
to the primary and were considerably 
easier produced when the latter was 
very close to the glass, much more so 
than would be expected assuming the 
action to be electromagnetic and con
sidering the distance; and these facts 
speak for an electrostatic effect. 

Furthermore I have observed that 
there is a molecular bombardment in 
the plane of the luminous circle at 
right angles to the glass - supposin,v, 
the circle to be in lhe plane · of the 
primary - this bombardment bcin.g 

fig. 3. evident from the rapid heating of the 
glass near the primary. Were the 

bombardment not at right angles to the glass the heating could not be so rapid. If there 
is a circumferential movement of the molecules constituing the luminous circle, I have 
thought that it might be rendered manifest by placing within the tube or bulb, radia lly 
to the circle, a thin pbte of mica coated with some phosphorescent material and 
another such plate tangentially to the circle. If the molecules would move circumferen
tiallj•, the former plate would be rendered more intensely phosphorescent. For want 
of time I have, however, not been able to perform the experiment. 

Another observation made by me 
was that when the specific inductive 
capacity of the medium between the 
primary and secondary is increased, the 
inductive effect is augmented. This is 
roughly illustrated in fig. 6. In th is 
case luminosity was excited in an 
exhausted tube or bulb B and a gla5s 
tube T slipped between the primary . 
and the bulb, when the. effect pointed p,g. 1· 
out was noted. \Y/ere the action wholly electromagnetic no change could possibly have 
been observed. 

I have likewise noted that when a bulb is surro\lnded by a wire closed upon itself 
and in the plane of the primary, the formation of the luminous circle within the bulb 
is not prc,·cntcd. But if instead of the wire a broad strip of tinfoil is g lued upon the 
bulb, the formation of the lumino\ts band was prevented, because then the action w;•S> 
distributed over a g reater surface. The effect of the closed tinfoil was no doubt of an 
electrostatic nature, for it presented a much g reater resistance than the closed wi re and 
produced therefore a much smaller electromagnetic effect. • 

Some of the experiments of Prof. J. J. Thomson also would $ecm to show 
some electrostatic action. For instance, in the experiment with the bulb enclosed m 3 
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bell jar, I should think ,that when the latter is exhausted so far that the gas enclosed 
reaches the maximum conductivity, the formation of the circle in the bulb and jar 
is prevented because of the· space surrounding the primary being h ighly conducting; 
when the jar is further exhausted, the conductivity of the space around the primary 
diminishes and the circles appear necessarily first in .the bell jar, as the rarefied gas 
is nea rer to the primary. But were the inductive effect very powerful, they would 
probably appear in the bulb also. If, however, the bell jar were exhausted to the 
highest degree they would very likely show themselves in the bulb only, that is, 
supposing the vacuous space to be non-conducting. On the assumption that in these 
phenomena electrostatic actions are concerned we find it easi ly explicable why the 

0 

Fig. 5. Fi.;. 6. 

introduction of mercury or the heating of the bulb prevents the formation of the 
luminous band or shortens the after-glow; and also why in some cases a platinum 
wire may p revent the excitation of the tube. N evertheless some of the experiments 
of Prof. J. J. Thomson would seem to indicate an electromagnetic effect. I may add 
that in one of my experiments in which a vacuum was produced by the Torricellian 
method, l was unable to produce the ltm1inous band, but this may have been due to 
the weak exciting current employed. 

My principal argument is the following: I have experimentally proved that if 
the same discharge which is barely sufficient to exci te a luminous band in the bulb 
when pa~sed th rough the primary circuit be so directed as to exalt the electrostatic 
inductive effect - namely, by converting upwards - an exhauste-d tube, devoid of 
ele-ctrodes, may be excited at a distance of several feet. 

NOTE I3Y PROf. J. J. THOMSON IN THE LONDON T:WCTRICIAN, 
JULY 24, 1891 

.. Mr. Tesla seems to ascribe the effects he observed to electrostatic action, and T have 
no doubt, from the description he gives of his method of conducting his cxp<'rimcnts, that in 
them electrost:uic action plays a very imt'>Ortant IY.lrt. He seems, however. to have nlisundc·rstood 
my position with resp<:ct to the c:mse of these Jischarscs, which is not, as he irnplics, th:u 
luminosity in tulx:s without electrodes cannot be produced by electrostatic action, but that i t 
can ~!so be produced when this action is c:xduded. A..o:;. :1 matter of fact, it is vt:ry much e:tsier 
l<l get the luminosity when these electrostatic eff(-ctS arc operative than when they an: not. 
As an illustration of this I may mention that the first experiment I tr i,.,J with the discharge of 
a Leyden jar produced luminosity in tl 1e tube, but it w as no t until after !\ix wc:eks' continuous 
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experimenting that .I was able to get a discharge in the exhausted tube which I was satisfied 
was due to what is ordinarily called electrodynamic action. It is advisable to have a dear id..-a 
of what we mean by electrostatic acion. If, pr..-vious to the discharge of the jar, the primory 
coi l is raised to a high potential, it will induce over the glass of the tube a distribution oi 
electricity. When the potential of the primary suddenly falls, this electrification will redistribute 
itself, and may pass through the rarclied gas ?.nd produce luminosity in doing so. Whilst the discharsc 
of the jar is going on, it is difficult, and, from a theoretical point of view, undesirable, to separa:e 
the effect into parts, one of which is called electrostatic, the other electromagnetic; what we 
can prove is that in this case the discharge is not such as would be produced by electromotive 
forces derived from a potential function . In m y experiments the primary coil was connc><:ted to 
earth, and, as a further precaution, the primary was separated from the discharge tube by ~ 
screen of blotting paper, moistened with dilute sulphuric acid, and connected to earth. \XIet 
blotting paper is a sufficiently good conductor to screen off a stationary electrostatic effect, though 
it is not a good enough one to stop waves of olternating electromotive intensity. When showing 
the experiments to the Physical Society I could not, of course, keep the tubes covered up; but, 
unless my memory deceives me, I stated the precautions which had been taken agrunst the 
electrostatic effect. To correct misapprehension I may state that. I did not read a formal paper 
to the Society, my object being to exhibit • few of the most typical experiments. The account 
of the experiments in the EJe,Jridall was from a reporter's note, and was not written, or even 
read, by me. I have now almost finished writing out, and hope very shortly to publish, an 
account of these and a large number of allied experiments, including some analogous to those 
mentioned by Mr. Tesla on the effe<:t of conductors placed ne:~r the discharge tube, which I find, 
in some cases, to produce a diminution, ·in others an increase, in the brightnes.s of the discharge, 
os well as some on the effect of the presence of substances of large specific inductive capacity. 
These seem to me to adm.it of a satisfactory explanation, for which, however, I must refer to 
my paper." 

REPLY TO J. J. T HOMSON'S NOTE IN THE f.LEC1'RIC! AN, JllLY 2·1, 1891.1 

In The Electrical Engineer of August 12, I find some remarks of Prof. J. J. 
Thomson, which appeared :originally in the . London Electricia11 and which have ·l 

ix-lring upon some experiments described by me in your issue of July 1. 
I did not, :lS Prof. J. J. Thomson seems to believe, misunderstand his position 

in regard to the cause of the phenomena considered, but I thought that in his 
experiments, as well as in my own, electrostatic effects were of great importance. It 
did not appear, from the meagre description of his experiments, that alf possible 
precautions had been taken to exclude these effects. I did not doubt that Jwninosity 
could· be' excited in a closed . tube when electrostatic action is completely excludedi. 
In fact, at the outset, I myself looked for a purely electrodynamic effect and believed 
thlt I had ,obtained it. But many experiments performed at that time proved to me 
that the electrostatic effects were generally of far greater importance, and admitted 
of a more satisfactory expl:tnation of most of the phenomena observed. 

In Osing the term electrosttttic I had reference rather to the nature of the action 
than to a stationary condition •. whicl1 is the usual acceptance of the term. To express 
myself more clearly, I will suppose ·that near a closed exhausted tube be placed a 
small sphere charged to a very high potential. The sphere would act inductively upon 
the rube, and by distributing electricity over the same would undoubtedly produce 
luminosity (if the potential be sufficiently high), until a permanent condition would · 
be reached .. Assuming the tube to be perfectly well insulated, there would be only 
one instantaneous flash during the act of distribution. This would be due to the 
electrostatic ,action simply. 

But now, suppose the charged sphere to be moved at short intervals with great 
speed along ·the exhausted tube. The tube would now be permanently excited, as the 
moving sphere would cause a constant redistribution of electricity and collisions of 
the molerules of the rarefied gas. \Y/e would still have to deal with an electrostatic 
effect, and in addition an electrodynamic effect would be observed. But if it were 
found that, for instance, the effect produced depended more on the specific inductive 

1 The El..-ctrie:~l Engin..-er, N.Y., August 26, 1891. 
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• 
capacity than on the magnetic permeability of the medium - which would certainlJ 
be the case for speeds incomparably lower than that of light - then I believe 
I would be justified in saying that the effect produced was more of an electrostatic 
nature. I do not mean to say, however, that any similar condition prevails in the 
case of the discharge of a Leyden jar through the primary, but I think that such an 
action would be desirable. 

It is . in the spirit of the above example that I used the terms "more of an 
electrostatic nature," and have investigated tlie influence of bodies of high specific 
inductive capacity, and observed, for instance, the importance of the quality of glass 
of which the tube is made. I also endeavored to ascertain the influence of a medium 
of high permeability by using oxygen. It appeared from rough estimation that an 
oxygen tube when excited under similar conditions - that is, as far as could be 
determined - gives more light; but this, of course, may be due to many causes. 

Without doubting in the least that, with the care and precautions taken by Prof. 
J. J. Thomson, the luminosity excited was due solely to electr!(dynamic action, I would 
say .that in many experiments I have observed curious instances of the ineffectiveness 
of the screening, and I have also found that the electrification through the air is 
often of very great importance, and may, in some cases, determine the excitation of 
the tube. 

In his original communication to the Electrician, Prof. J. J. TI1omson refers to 
the fact that the luminosity in a tube ncar a wire through which a Leyden jar was 
discharged was noted by Hittorf. I think that the feeble luminous effect referred to has 
been noted by many experimenters, but in my experiments the effects were much more 
powerful than those usually noted. 

• 

• 



NOTES ON A UNIPOLAR DYNAMO • 

• 

It is characteristic of fundamental discoveries, of great achievements ·of intellect, 
that they retain an undiminished power upon the imagination of the thinker. Tite 
memorable experiment of Faraday with a disc rotating between the two poles of a magnet, 
which has borne such magnificent fruit, has long passed into every-day experience; yet 
there are certain features about this embryo of the present dynamos and motors which 
even to-day appear to us striking, and are worthy of the most C:lreful study. 

Consider, for instance, the case of a disc of iron or other metal revolving between 
the two opposite poles of a magnet, and the polar surfaces completely covering both 
sides of the disc, and assume the current to be taken off or conveyed to the san1c by 
contacts uniformly from all points of the periphery of the disc. Take first the case of 
a motor. In all ordinary motors the operation is dependent upon some shifting or change 
of .the resultant of the magnetic attraction . exerted upon the armature, this process 
being effected either by some mechanical contrivance on the motor or by .the action 
of currents of the proper character. We may explain the operation of such a motor 
just as we can that of a water-wheel. But i1· the above example of the disc surrounded 
completely by the polar surfaces, there is no shifting of the magnetic action, no change 
whatever, as far as we know, and yet rotation ensues. Here, then, ordinary considerations 
do not apply; we cannot even give a superficial explanation, as in ordinary motors, 
and the operation will be clear to us only when we shall have rewgnized the very 
nature of the forces concerned, and fathomed the mystery of the invisible connecting 
mechanism. 

Considered as a dynamo machine, the disc is an e<1ually interestini: object of stud}'· 
In addition to its peculiarity of giving currents of one direction without the employment 
of commutating devices, such a madtine differs from ordinary dynamos in that there is no 
reaction between armature and field. The armature current tends to set up a magnetizat·ion 
at right angles to that of the fie ld currenr, but since the current is taken off lll1if" rn1 ly 
[com all points of the periphery, and since, to be cx:Kt, the external circuit 111:>)' a lso he 
arranged perfealy symmetrical to the field magnet, no reaction c:1n ocn1r. This, howcvl·r, 
is true only as long as the magnets are weakly energized, for when the magnets are 
more or less saturated, both magnetizations at right angles setming ly interfere wi th 
each other. 

For the above reason alone it would appear that the output of such a machine 
should, for the same weight, be much ,greater than that of :\ny other marhine in whidt the: 
armature current tends to demagnetize the field. The extraordinary output of the L'orbc~ 
unipolar dynamo and the experience of the writer confirm this view. 

Again, the facility with which such :t machine may be made to excite itself is 
striking, but this may be due - besides to t11e absence of armature n::action - to the 
Derfect smoothness of the current and non·existence of self-induction . 
• 

• The Electrical Engineer, N .Y., Sept. 2, 189!. 
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If the poles do not <;over the disc completely on both sides, then, of course, unless 
·the disc be properly subdivided, the machine will be very inefficient. Again, .in this 
·case there are points worthy of notice. If the disc be rotated and the field currenl 
interrupted, the current through the armature will continue to flow and the field magnets 
will Jose their strength comparatively slowly. The reason for this will at once appear 
when we consider the direction of the currents set up in the disc. 

Referring to the diagram Fig. 1, tl represents the disc with the sliding conl~cts 
B B' on the shaft and periphery. N and S represent the two poles of a magnet. If the 

• 

Fig. 1. 

pole N be above, as indicated in the diagram, the disc being supposed to be in the 
plane of the paper, and rotating in the direction of the arrow D, the current ·set up in the 
disc will flow from the centre to the periphery, as indicated by the arrow A. Since the 
magnetic action is more or less confined to the space between the poles N S, the other 
portions of the disc may be considered inactive. The current set up will therefore not 
wholly pass through the external circuit F, but will dose through the disc itself, and 
generally, if the disposition be in any way similar to the one illustrated, by far the 
greater portion of the current generated will not appear externally, as the circuit F is 
practically short·circuited by the inactive portions of the disc. The direction of the 
resulting currents in the latter may be assumed to be as indicated by the dotted lines and 
arrows m and 11; and the direction of the energizing field turrent being indicated by 
the a.rrows a b c d, an inspection of the figure shows that one of the two brand1es 
of the eddy current, ~hat is, A B' 111 B, will tend to demagnetize the field, while the 
other branch, that is, A B' 11 B, will have the opposite effect Therefore, the branch 
A B' 111 B, that is, the one which is ttppro,tchiug the field, will repel the: lines of the 
same, while branch A B' 11 B, that is, the one lcttviug the field, will gather the lines 
of force upon itself. . 

In consequence of this there will be a constant tendency to reduce the current 
flow in the path A B' m B, while on the other hand no such opposition will exist 
in path A B' 11 B, and the ·effect of the latter branch or path will be more or less 
preponderating over that of the former. The joint effect of both the asswncd branch 
currents might be represented by that of one single currctlt of the same direction as that 
energizing the field. In other words, the eddy currents ci'rculating in the disc will 
energize the field magnet. This is a result quite contrary to what we might be Jed to 
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suppose at first, for we .would naturally expect that the res·ulting effect of the armature 
currents would be such as to oppose the field current, as generally occurs when a primary 
and secondary conductor are placed in inductive relations to each other. But it must 
be remembered that .this result from the peculiar disposition in this case, namely, two 
paths being afforded to the current, and the latter selecting that path which offers 
the least opposition to its flow. From this we see that the eddy currents flowing in 
the disc partly energize the field, and for this reason when the field current is 
interrupted the currents in the disc wjji continue to flow, and the field magnet wili 
lose its strength with comparative slowness and may even retain a certain strength 
as long as the rotation of the disc is continued. 

: s : 
• • I . . . . . . . ' 

J) 

Fig. 2. Fig. 3. 

' . . ' . "' 

The result will; of course, largely depend · on ·the resistance and geometrical 
dimensions of the path of tl1e rcs'ulting eddy current and on the speed of rotation; 
these elements, namely, determine the retardation of this current and its position relative 
to the f ield. For a certain speed there would be a maximum energizing action; then 
at highc:r speeds, it would gradually fall off to zero and finally reverse, that is, the 
resultant eddy current effect would be to weJken the field. The reaction would be best 
demon~trated experimentally by arranging the fields N S, N' S', freely movable on an 
axis concentric with the shaft of the disc. If the latter were rotated as before in the 
direction of the arrow D, the field would be dragged in the same direction with a 
torque, which, up to a certain point, .would go on increasing with the speed of rotation, 
then fall off, and, passing through zero, fjnaJly become negative; that is1 the field 
would begin to rotate in opposite direction to the disc. In experiments witl1 alternate 
current · motors in which the field was shifted by currents of differing phase, this 
interesting resul t was observed. For very low speeds of rotation of the fi'cld the 
motor would show a torque of 900 lbs-. or more, measured on a pulley 12 inches in 
diameter. \Vhen the speed of rotation of the poles was increased, the torque would 
diminish, would finally go down to zero, become negative, and then the armature 
would begin to rotate in opposite direction to the field . 

.To return to the prin<ipal subject; assume the conditions to be such that the eddy 
currents generated by the rotation of the disc strengthen the field, and suppose the 
latter gradually removed while the disc is kept rotating at an inc.r~-ased rate. The 
current, once started, may then be sufficient to maintain i~clf and even increase in 
strength, and then we have. the case of Sir William Thomson's "current accun1ulator." 
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But from the above considerations it would seem that for the success of the experiment 
the employment of a disc 1101 subdivided would be essential, for if there should be a 
radial subdivision, the eddy currents could qot form and the self-exciting action would 
cease. I( such a radially subdivided disc :were used it would be necessary to connect 
the spokes by a conducting rim cir in any proper manner so as to form a symmetrical 
system of closed circuits. 

The action of the eddy currents may be utilized to excite a machine of any 
construction. For instance, in Figs. 2 and 3 an arrangement is shown by whid1 a machine 
with a disc armature might be excited. Here a number of magnets, N S, N S, are 
placed radially on eadl side of a metal disc D carrying on its rim a set of insulated coils, 
C C. The magnets form two separate fields, an internal :llld an external one, the solid 
disc rotating in the field nearest the axis, and the coils in the field further from it. 
Assume the magnets slightly energized at the start; they could , be strengthened by the 
action of the eddy currents in lhe solid disc so as to afford a stronger field for the 
peripheral coils. Although there is no doubt that under proper conditions a machine 
might be excited in this or a similar manner, there being sufficient experimental evidence 
to warrant such an assertion, such a mode of excitation would be wasteful. 

But a unipolar dyn:uno or motor, such as shown in Fig. 1 may be excited in an 
efficient manner by simply properly subdividing the disc or cylinder in which the currents 
arc set up, :llld it is practicable to do away with the field coils whidl arc usually employed. 
Such a plan is illustrated in l~ig. 4. The disc or cylinder D is supposed to be arrange,i 
to rotate between the two poles N and S of a magnet, which completely cover 
it on both sides, the contours of the disc and poles being represented by th•' 

' 

Fis. 4. Fig. }. 

circles d and d' respectively, the upper pole being omitted for the sake of clearness. The 
cores of the magnet are supposed to be hollow, the shaft C of the disc passing through 
them. If the unmarked pole be below, and the disc be rotated screw fashion, the current 
will be, as before, from the centre to the periphery. and may be taken off by suitable 
sliding. contacts, B B·; on the shaft and periphery respectively. Jn this arrangement 
the current flowing through the disc and external circuit will have no appreciable effect 
on the field magnet. 

But let us now suppose ~he disc to be subdivided, spirally, as indicated by the full 
vr dotted li.nes, Fig. 4. The difference of potential between a point on the shaft and 
a poin~ on the periphery will remain unchanged, in sign as well as in amount. The only 
difference will be that the resistance of the disc will be augmented and that there will 
be & greater fall of potential from a point on the shaft to a point on the periphery when 
the same current is traversing the external circuit. But since the current is forced to 
follow the lines of subdivision, we see that it will tend either to energite or de·energize 
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the field, and this will depend, other things being equal, upon the direction of the 
lines of subdivision. If the subdivision be as indicated by the full lines in Fig. 4, it is 
evident that if the current is of the same direction as before, thar is, from centre to 
periphery, its effect will be to strengthen the field magnet; whereas, if the subdivision 
be as indicated by the dotted lines, the current generated will tend to weaken the magnet. 
In the former case the machine will be cap!lhle of exciting itself when the disc ·is rotated 
in the direction of arrow D; in the latter case the direction of i:otation must be reversed. 
Two such discs may be combined, however, as indicated, the two diScs rotating in 
opposite fields, and in the same or opposite direction. 

Similar disposition may, of course, be made in a type of machine in which, instead 
of a disc, a cylinder is rotated. In such unipolar machines, in the manner indicated, 
the usual Jicld coils at:~d poles may be omitted and the machine may be made to consist 
only of a cylinder or of two discs enveloped by a metal casting. 

Instead of subdividing the disc or cylinder spirally, as indicated' in Fig. 4, it is more 
convenient to interpose one or more turns between the disc and the contact ring on the 
periphery, as illustrated in Fig. 5. 

A Forbes dynamo may, for instance, be excited in such a manner. In the experience 
of the writer it has been found that instead of taking the current from two such discs 
tw sliding contacts, as usual, a flexible conductio~ bek may be -employed to advantage. 
111c discs arc in such case provided with large flanges, affording a very great contact 
surface. The belt should be made to bear on the flanges with spring pressure to take up 
the expansion. Several machines with belt contact were constructed by the writer two 
years ago, and worked satisfactorily; but for want of time the work in that directit.ln 
has been temporarily suspended. A number of features. pointed out above have also been 
used by <the writer in connection with some types of alternating current motors. 
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ON ROENTGEN RAYS(l)* 

One can not help looking at that little bulb of Crookes with a feeling akin to 
awe, when he considers all that it has done for scientific progress- first, the magnificent 
results obtained by its originator; next, tl1e brilliant work of Lenard, and finally the 
wonderful achievements of Roentgen. Possibly it may still contain a grateful Asmodeus, 
who will be lot out of his narrow prison cell by a lucky student. At times it has seemed 
to ine as though I myself heard a whispering voice, and I have searched eagerly among 
my dustY bulbs and bOottles. I fear my imagination has deceived me, but there they are 
still, my dusty bulbs, and I am still listening hopefully. 

After repeating Professor Roentgen's beautiful experiments, I have devoted my 
energies to the investigation of the nature of the radiations and to the perfecting of the 
means for their production. The following is a brief statement which, I hope, will be 
useful, ol the methods en1ployed and of the most notable results arrived at in these two 
directions. 

In order to produce the most intense effects we have f irst to consider that, whatever 
their nature, they depend necessarily on the intensity of the cathode streams. These 
again being dependent o n the magnitude of the potential, it follows that the highest 
attainable electr ical pressure is desirable. 

To obtain high potentials we may avail ourselves of an ordin:try induction coil, 
or of a static machine, or of a disnfptive discharge coil. I have the impression that 
most of the results in Europe have been arrived at through the employment of a static 
machine or Ruhmkorff coil. But since these appliances can produce only a comparatively 
small potential, we are naturally thrown on the usc of the disruptive discharge coil 
:~.s the most effective apparatus. With this .there is practically no l imit to the spark 
length, and the only requirement is that the expuimenter should possess a certain 
knowledge and skill in the adjustments of the circuits, par>ticularly as to resonance, as 
I have pointed out in my earlier writings on this subject. 

After constructing a disruptive coil suitable for any kind of current supply, direct 
or alternating the experimenter comes to the consideration as to what kind of bulb 
to employ. Clearly, if we put two electrodes in a bulb, or usc one inside and another 
outside electrode, we limit the potential, for the presence· not only of the anode but 
of any conducting object has the effect of reducing the practicable potential 0!1 the 
cathode. Thus, to secure the result aimed at, one is driven to the acceptance o f a sin,~;lc 
electrode bulb, the other terminal being as far remote as possible. 

Obviously, an inside electrode should be employed to get the highest velocity of the 
cathode streams, for the bulbs without inside terminals arc much less efficient for this 
special object in consequence o.f the loss through the glass. A popular error seems to 
exist in regard to the concentration of the r:t)'S by concave electrodes. This, if anything. 
JS a disadvantage. 1l1cre are certain specific arrangements of the disruptive coil anci 

• Elcctric;•l Review, March 11, 1896. 
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circuits, condensers and stlltic screens for the bulb, on which I have given full particulars . . 
on prev1ous occas1ons. 

Having selected the induction apparatus and type of bulb, the next impor~am 
consideration is the: vacuum. On this subject I am able to make known a fact with 
which I have long been acquainted, and of which I have taken advantage in the 
production of vacuum jackets and all sorts of incandescent bulbs, and which 

Fis. 1. • 

I subsequently found to be of the utmost importance, not to say essential, for the 
productibn of intense Roentgen shadows. I refer to a method of rarefaction by electrical 
means to any degree desirable far beyond that obta.ioablc by mechanical appliances. 

Though this result can be reached by the usc of a static machine as well as of 
an ordinary induction coil giving a sufficiently high potential, I "have found that by 
far the most suitable apparatus, nnd one whid1 secures the quickest action, is a disruptive 
coil. It is best to proceed in this way: The bulb is first exhausted by means of an 
ordinary vacuum pump to a rather high degree, though my experiences have shown 
that this is not absolutely necessary, as I have also found it possible to rarcf y, beginning 
from low pressure. After being .t:akeiX down from the pump, the bulb is attadted to 
the terminal of the disruptive coil, preferably of high { rcquency of vibration, :tnd usually 
the following phenomena are noted. First, there is a milky light spreading throug~ the 
bulb, or possibly for a moment the glass becomes phosphorescent, if the bulb Ius been 
exhausted to a high degree. At :tny rate, the phosphorescence generally subsid<:s <Juick ly 
and the white light settles around the electrode, whereupon a dark space forms at 
some distance from the latter. Shortly afterward the light ass~cs a reddish color and 
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the terminal grows very. hot. This heating, however, is observed only with powerful 
apparatus. It is well to watch the bulb carefully and regulate the potential at this stage, 
·as the electrode might be quickly CO?Swned. 

Mter some time the reddish light subsides, the streams becoming again white, 
whereupon they get weaker and weaker, wavering around the electrode until they finally 
disappear. Meanwhile, the phosphorescence of the glass grows more and more intense, 
nod the spot where the stream strikes the wall becomes .very hot, while the 
phosphorescence around the electrode ceases and the latter cools down to such an 
extent that the glass near it may be actually icecold to the touch. The gas in the bulb 
has then read1ed the required degree of rarefaction. The process may be hastened by 
repeated heating and cooling and by the employment of a small electrode. It should 
be added that bulbs with external electrodes may be treated in the same way. It may 
be also of interest to state that under certain conditions, which I am investigating more 
closely, the pressure of the gas in a vessel may be augmented by electrical means. 

I believe that the disintegration of the electrode, which invariably takes place, is 
connected with a notable diminution of the temperature. From the point on, when the 
electrode gets cool, the bulb is in ·a very good condition for producing the Roentgen 
shadows. Whenever the electrode is equally, if not hotter than the glass, it is a sur<' 
indication th:~t the vacuum is not high enough, or else that the electrode is too sm:~ll. 
For very effective working, the inside surface of the wall, where the cathode stream 
strikes, should appear as if the glass were in a fluid state. 

As a cooling medium I have found best to employ jets of cold air. By this means 
it is possible to operate successfully a bulb with a very thin wall, while the passage 
of the rays is, not materially impeded. 

I may state here that the experimenter need not be deterred from using a glass 
bulb, as I believe the opacity of glass as well as the transparency of aluminum arc 
somewhat exaggerated, inasmuch as I have found th:lt a very thin aluminum sheet 
throws a marked shadow, while, on the other hnod, I have obtained impressions through 
a thick glass plate. 

The above method is valuable not only as a means of obtaining the high vacua 
desired, but it is still more. important, because the phenomena observed throw a light 
on the results obtained by Lenard nod Roentgen. 

TI10ugh the phenomenon of rarefaction under :1bove conditions admits of different 
interpretations, the chief interest centers on one of them, to which I adhere - that is, 
on the actual expulsion of the particles through the walls of the bulb. I have lately 
observed that the latter commences to act properly upon the sensitive plate only from 
the point when the exhaustion begins to be noticeable, and the effects pr~lucecl are the 
strongest when the process of exhaustion is most rapid, even though tl1e phosphorescence 
might not t~ppear particularly bright. Evidently, then, the two effects are closely 
connected, and I am getting more and more convinced that we have to deal with :1 

strean1 of material particles, v.>hich strike the sensitive plate with great velocities. Taking 
as a basis the estimate of Lord Kelvin on the speed of projected particles in a 
Crookes' ·bulb, we arrive easily by the employment of very high potentials to speeds of as 
much as a hundred kilometres a second. Now, again, the old question arises: Are the 
particles from the electrode or from the charged surface generally, including the case 
of an external electrode, projected through the glass or aluminun1 walls, or do they 
merely hit the inner surface and cause particles from the outside of the wall to fly off, 
acting ir> a purely mechanical way, as when a row of ivory balJs is struck? So far, most 
of the phenomena indicate that they are projected through the wall of the bulb, of 
whatever material it may be, and I am seeking for still more conclusive evidence 1n 
this direction. . -.. 
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It may not be know.n that even an ordinary streamer, breaking out suddenly and 
under great pressure from the terminal of a disruptive coil, passes through a thic-k glass 
plate as though the latter were not present. Unquestionably, with such coils pressures 
are practicable which will project the particles in straight lines even tUJder atmospheric 
pressure. I have obtained distinct impressions in free air, not by streamers, as some 
experimenters have done, using static machines or induction coils, but by actual 
projection, the formation of streamers being absolutely prevented by careful static 
screenmg. 

Fis. 2. 

A peculiar thing about the Roentgen rays is that from low frequency to the 
highest obtainable there seems to be no differenc-e in the quality of the effects produc-ed, 
except that they are more intense when the frequency is higher, which is vc:ry likely dt•c 
to the fact that in sud1 case the maximum pressures on the cathode are likewise higher. 
This is only possible on the assumption that the effects on the sensitive plate are due to 
projected particles, or else to vibrations far beyond any frequency which we arc able to 
obtain by means of condenser discharge-s. A powerfully excited bulb is enveloped in ~ 
cloud of violet light, extending for more than a foot around it, but outside of this visible 
phenomenon there is no positive evidence of the existence of waves similar to those 
of light. On the other hand, the fact that the opacity bears some proportion to the 
density of the substance speaks strongly for material streams, and the same may be 
said of the effect discovered by Prof. J. J. Thomson. It is to be hoped that all doobts 
will shortly be dispelled. 

A valuable evidence of the nature of the radiations and progress in the direction 
of obtaining strong impressions on the plate might be arrived at by pcrfecti ng plates 
especially sensitive to mechanical shock or impact. There are chemicals suitable for 
this, and the devdopment in this direction may lead to the abandonment of the present 
plate. Furthermore, if we have to deal with streams of material particles, it seems not 
impossible to project upon the plate a suitable substance to insure the best chemical 
action. 
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With apparatus as. I have describ'.-d, remarkable impressions on the plate arc 
produced. An idea of the intensity of the effects may be gained when I mention that 
it · is easy to obtain shadows with comparatively short exposures at distances of, rhany 
feet, while at small distances and with thin objects, exposures of a few scco<lds arc 
practicable. The annexed print is a shadow of a copper wire projected at a distance of 
11 feet through a wooden cover over the sensitive pl::tte. lliis was the first shadow taken 
with my improved apparatus in my laboratory. A similar impression was obtained 
through the body of the experimenter, a plate of glass, nearly three-sixteenths of an inch 
thick, a thickness of wood of fully two inches and through a distance of about four feet. 
I may remark, however, that when these impressions were taken, my apparatus was 
working under extremely unfavorable conditions, which admitted of so great 
improvements that I am hopeful to magnify the effects many times. 

The bony structure of 'birds, rabbits and the like is shown within the least detail, 
:1nd even the hollow of the bones is clearly visible. In a plate of a rabbit under exposure 
of an hour, not only every detail of the skeleton is visible, but likewise a clear outline 
of the abdominal cavity and the location of the lungs, the .fur and many other features.' 
Prints of even large birds show the feathers quite distinctly. 

Clear shadows of the bones of human limbs are obtained by exposures ranging 
from a quarter of an hour to an hour, and some plates have shown such an amount 
of detail that it is almost impossible to beiieve that we have to deal with shadows only. 
For ins·tance, a picture of a foot with a shoe on it was taken, and every fold of the 
leather, ·trousers, stocking, etc., is. visible, while the flesh and bones stand out sharply. 
Throug~ the body of the experimenter the shadows of small buttons and like objects are 
quickly obtained, while with an exposure of from one to one and a half hour the ribs, 
shoulder-bones and the bones of the. upper ann appear dearly, as is shown in the annexed 
print. It is now demonstrated beyond any doubt that small metallic objects or bony or 
chalky deposits can be infallibly detected in any part of the body. 

An outline of the skull is easily obtained with an exposure of 70 to 40 minutes. 
In one instance an exposure of 40 minutes gave clearly not only the outline, but the 
cavity of the eye, the chin and cheek and nasal bones, the lower jaw and connections 
to the upper one, the vertebra,.! column and connections ,jo the skull, the flesh and even 
the hair. By exposing the head to a powerful radiation strange effects have been noted. 
For instance, I find that there is a tendency to sleep and the time seems to pass away 
quickly. There is a general soothing effect, and I have felt a sensation of warmth ir:' 
the upper part of the head. An assistant independently confirmed the tendency to sleep 
and a quick lapse of time. Should these remarkable effects be verified by men ~ith 
keener sense of observation, I shall still more firmly believe in the existence of material 
streams penetrating the skull. Thus it may be possible by these strange appliances to 
project a suitable chemical into any part of the body. 

Roentgen advanced modestly his results, warning against too much hope. Fortunately 
his apprehensions were groundless, for, although we have to all appearance to deal. 
with mere shadow projections, the possibilities of the appl ication of his discovery arc 
vast. I am happy to have contributed to the development of the great art he has crc:atcd. 



ON ROENTGEN RAYS(z) • 

- late;t result; -

To the Editior of Electrical Review 
Permit me to say that I was slightly disappointed to note in your issue of March 

11 the prominence you have deemed to accord to my youth and talent, while the ribs 
and other particulars of Fig. 1, wh~ch, with reference to the print accompanying my 
communication, I described as clearly visible, were kept modestly in the background. 
I also regretted to observe an error in one of the captions, the more so, as I must 
ascribe it to my own text. I namely stated on ·page 135, third column, seventh line: 
"A similar i!l1pression was obtained through the body of the experimenter, etc., through 
a distance of four feet." The impression here referred to was a similar one to that 
shown in Fig. 2, whereas the shadow in Fig. 1 was taken through a distance of 18 
inches. I state this merely for the sake of correctness of my communication, but, as fa r 
as the general truth of the fact of taking such a shadow at the distance given is 
concerned, your caption might as well stand, for I am producing strong shadows at 
distances of 40 feet. I repeat, 40 feet and even more. Nor is this all. ~ strong are 
the actions on the film that. provision must be made to guard the plates in my 
photographic department, located on the floor above, a distance of fu lly 60 feet, from 
being spoiled by long exposure to the stray rays. Though during my investigations I have 
performed many experiments which seemed extraordinary, I am deeply astonished 
observing· these unexpected manifestations, and still more so, as even now I sec before me 
the possU>ility, not to say certitude, of augmenting the effects with my apparatus at 
least tenfold! What may we then expect? We have to deal here, evidently, with a 
radiation of astonishing power, and the inquiry into its nature becomes more and more 
interesting and important. Here is an unlooked-for result of an action which, though 
wonderfw in itself, seemed feeble and entirely incapable of such expansion, and affords 
a good example of the fruitfulneSs of original discovery. These effects upon the 
sensitive plate at so great a distance I attribute to the employment of a bulb with l 

single termi'nal, which permits the use of practically any desired potential and the 
attainment of extraordinary speeds of the projected particles. With such a bulb it is 
also evident tl:l.at the action upon a fluorescent screen is proportionately greater than 
when the usual kind of tube is employed, and I have already observed enough to feel 
sure that. great developments are to be looked fot in this direction. I cpnsid~: · 
Roentgen's discovery, of enabling us to see, by the use of a fluorescent screeii;' tht~ugh 
o.n opaque substance, even a more beautiful one than the recording upciri . the plate. 

Since my. previous communication to you I have made considerW.le .PFogress, and 
can presently announce one more result of importance. I have lately obtained shadow~ 
by reflected rays o11ly, tlius demonstrating beyond doubt th~t tlie Roentzen. rays possess 
this property. One of the experiments may be cited here. A .thick c~pper tube,_ about a 
foot long, was taken and one of its ends tightly closed by the plate'holder containing 

• E.le<:trical Review, Mo.rch 18, 1896 
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a sensitive pbtc, protectc:d by a fiber cover as usUll. Ncar the open end of the copper 
tube was placed a thick plate of gi:ISS at an angle of 45 degrees to the axis of the tube. 
A single-terminal bulb was then suspended above the gi:ISS plate at a dtstance of about 
eight inches, so that the bundle of rays fell upon the latter at an angle of 45 degrees, 
and the supposedly reflected rays passed along the :tXis of the copper tube. An exposure 
of 45 minutes gave a clear and sharp shadow of a metallic object. This shadow was 
produced by the reflected rays, as the direct action was absolutely excluded, it having 
been demonstrated that even under the severest tests with much stronger actions no 
impression whate,•er could be produced upon the film through a thickness of copper 
equal to that of the tube. Concluding from the intensity of the actioll! by comp:uison 
with an equivalent effect due to the direct rays, I find that approximately two per 

• 
cent of the btter were reflected from the glass plate in this experiment. I hope to be able 
to report shortly and more fully on this and other subjects. 

'ln my attempts to contribute my humble share to the knowledge of the Roentgen 
phenomena, I am finding more and more evidence in support of the theory of moving 
material particles. It is not my intention, howev~r. to advance at present any view as to 
the be:uing of such a fact upon the present theory of light, but I merely ~k to establish 
the fact of the existence of such material streams in so far as these isolated effects 
arc concerned. I have already a great many indications of a bombardment occurring 
outside of the bulb, and I am arranging some crucial tests which, I hope, will be 
successful. The calculated velocities fully account for actions at distances of as mud1 
as 100 feet from the bulb, and that the projection through the glass takes place seems 
evident from the process of exhaustion, which I have described in my previous 
communication. An experiment which is illustrative in this respect, and which I intended 
to mention, is the following: If we attach a fairly exhausted bulb containing an electrode 
to the terminal of a disruptive coil, we observe small streamers breaking through the 
sides of the gl:ISS. Usually sud1 a streamer will break through the seal and era~ the 
bulb, whereupon the vacuum is impaired; but, if the seal is placed abc>ve the termioai, 
or if some other provision is made to prevent the streamer from· passing through the 
glass at that point, it often occurs that the stre:un breaks out through the side of the 
bulb, producing a fine hole. Now, the extraordinary thing is that, in spite of the 
connection to the outer atmosphere, the air can not rush into the bulb as long as t·he 
hole is very sm~ll. The glass at the place where the rupture has occurred may grow 
very hot - to such a degree as to soften; but it will not collapse, but rather bulge 
out, showing that a pressure from the inside greater than that of the atmosphere exists. 
On frequent occasions· I have obser\'c·d th:lt the g lass bulges out and the hole, through 
which the streamer rusheS: out, bccomt'S so large as to be perfectly discernible to the 
eye. As the matter is expelled from the bulb the r:ucfal'tion inac:tS<'S and the strt':lmcr 
lx:comes less and less intense, whereupon the glass closes again, hermetically sc-.tling the 
opening. The process of rarefaction, nevertheless, continues, streamers being still visible · 
on the heated place until the highest degree of exhaustion is readJed, whereupon they 
may disappear. Here, then, we have a positive evidence that matter is being expelled. 
through the walls of the glass. 

When working with highly strained bulbs I frequently experience a sudden, and 
sometimes even painful, shock in the eye. Such shocks may occur so often that the eye 
gets inflamed, and one can not be considered overcautious if he abstains from w:~.tching 
the bulb too closely. I sec in these shocks :1. further evidence of larger pariicles being 
thrown off from the bulb. 

44, Nikol2 Tesla 
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ON REFLECTED ROENTGEN RAYS• 

In previous communications in regard to the effects .discovered by Roentgen, 
I have confined myself to giving barely a brief outline of the most noteworthy 
results arrived at in the course of my investigations. To state truthfully, I have 
ventured to express myself, the first time, after some hesitation and consequent 
delay, and only when I had gained the conviction that the information I had to convey 
was a needful one; for, in common with others, I was not quite able to free myself 
of a certain feeling which one must experience when he is trespassing on ground not 
belonging to him. The discoverer would naturally himself arrive at most of the facts 
in due time, and a courteous restraint in the announcement of the results on the part 
of his co-workers would not be amiss. How many have ·siimed against me by proclaiming 
their achievements just as I was good and ready to do it myself! But these discoveries 
of Roentgen, exactly of the order of the telescope and microscope, his seeing through 
a great thickness of an opa.qile substance, his recording on a sensitive plate of objects 
otherwise invisible, were so beautiful and fascinating, so full of promise, that all 
restraint was put aside, and every one abandoned himself to.the pleasures of ·Speculation 
and experiment. Would but every new and worthy idea find such an echo! One single 
year would then equal a century of progress. A delight it would be to tive in such age, 
but a discoverer I would not wish to be; 

Amongst the facts, which I ·have had the honor to bring to notice, is one· claiming 
a large share of scientific · interest, as well ns of pr:tetical importance. I refer to the 
demonstration of the property of reflection, on which I have dwc:lt briefly. 

Having had opportunities. to make many observations during my experience with 
vacuum bulbs and tubes, which could not be accounte-d for in any plausible way on any 
theory of vibration as far as I could judge, I began these inv:stigations - disinclined, 
b\lt expectant to find that the effects produced are due to :i stream of material particles. 
I had many evidences of the existence of such streams. One of these I mentioned, 
describing the method of electrically exhausting a tube. Such exhaustion, I have found, 
takes place mudi. quicker when the glass is vety. thih th~n when the \valls are 
thick, . t pre5ume be~ai!se of the easier passage of the . ions. '\'Qhile a few thinutes are 
sUfficient when the glass is very thin, it often takes half art hour or more if the glass be 
thick or the electrode very large. In accordance ·with this idea I have, with a view 
of obtaining the \f!OSt efficient action, selected the apparatus, and have found at each 
step my supp05ition c~nfirme~ and my c:>rivictiort strengt_hened. . "· . ; 

A stream of material particles, possessmg a great vcloetty1 must !lCed,s be reflected; 
and I w~ therefo.re quite prepared -" assuming my o~igihal idea td, be true - to 
<lemonstrate sooner o( la~er this property. Considering that the r~flcd(Ci.ii s~ould. IJC the 
lnore complete the smaller the rl.nglc .or incidence, 1 ~ddi,tbd. froirl Hi~ tiu,tset .o(, iny 
investiga~ions a tube or bu)b b of. the f.orni shown_ io Fi~ .. ~· ~·~ w:iS \tiad~of v~rr . t~1ick 
glass, w1th a bottom blown as th1n as poss1ble; w1th tlie· t~o obt>1bus· bbJCCts 

• Electrical Review, April I, 1896. 
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of restnctmg the radiatipn to the sides and facilitating the passage through the 
bottom. A single electrode e, in the form of a round disk of a diameter slightly 
less than that of the tube, was placed about an inch below the parrow neck 11" on the 
top. The leading-in conductor c was provided 
with a long wrapping 111, so as to prevent 
.cracking, by the formation of sparks at the 
point where the wire enters the bulb. It was 
found advantageous for a number of reasons 
to extend the wrapping a good · distance 
beyond the neck, on the inside and outside 
as well, and to place the seal-off in the 
narrow neck. On other occasions I have dwdt 
on the employment of an electrostatic screen 
in connection with such single-terminal 
bulbs. In the present instance the screen was 
preferably formed by a bronze painting s. 
slightly above the aluminum electrode and 
extending to just a little below the wrapping 
of the wire, so as to allow seeing constantly 
the end of the wrapping. Or else a small 
aluminum plate s, Fig. 2, was supported in 
the inside of the bulb above the electrode. 
This static screen practically doubles the 
effect, as it prevented all action above it. 
Considering, further, that the radiation 
sideways was restricted by the use of a very 
thick glass and most of it was thrown to the 
bottom by reflection, as I then surmised, it 
became evident that such a tube should prove 
much . more efficient than one of ordinary 
form. Indeed, I quickly found that its power 

II 

I ' 

upon the sensitive plate was very nearly four Figs. 1 and 2. 

p 

• 

times as great as that of a spherical bulb with . 
an equivalent area of impact. This kind of tube is also very well adapted for use with 
two terminals by placing an e).iernal dectrode e1 as indicated by the dotted lines in 
Fig. 1. When the glass is taken thick the stream is sensibly parallel and concentrated. 
FurthermQre, by making the tube as long as one desired, it was possible to employ very 
high potentials, otherwise impracticable with short bulbs. · 

The use of high potentials is of great importance, as it allows shorteni.ng 
cdnsiderably the time of exposure, and affecting· the plate at much greater distances. 
I am endeavoring to determine more exactly the relation of the potential to the effect 
produced upon the sensitive plate. I deem it necessary to remark that the electrode 
should be of aluminum, as a platinum electrode, which is still persistently employed, 
gives inferior results and the bulb is disabled in comparatively short time. Some 
experimenters might find trouble in maintaining a fairly constant vacuum, owing to 
a peculiar process of absorption in the bulb, which has been pointed out early by 
Crookes, in consequence of which, by , continued use, the vacuum may increase. 
A convenient way to prevent this I have found to be the following: The screen or 
alwninwn plate J, Fig. 2, is pl:tced directly upon the wrapping of the leading-~ 
conductor c, but some distance back from the end. The right distance can be only 
determined by experience. If it is: properly chosen, then, during the action of the bulb, 
the wrapping gets warmer, and a small bright spark jumps from time to time from 
the wire c to the aluminum plate s through the wrapping w. T11e pa.~sage of this 

44• 
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spark causes gases to be {ormed, which slightly impair the vacuum, and in this manner, 
by a little skillful manipulation, the proper vacuum may be constantly maintained. 
Another way of getting the same result in a tube shown in Fig. 1 is to extend the 
wrapping so far inside that, when the bulb is normally working, the wrapping is heated 
sufficiently to free gases to the required amount. It is for this purpose convenient 
to let the screen of bronze painting s extend just a little below the wrapping, so that 
the spark m:ty be observed. There are, however, mnny other ways of overcoming this
difficulty, which may cause some annoyance to those working with inadequate apparatus. 

In order to insure the best action the experimenter should note the various stages 
which I have pointed out before, and through which the bulb has to pass during the 
process of exhaustion. He will first observe that when the Crookes phenomena show 
themselves most prominently there is a reddish streamer issuing from the electrode, 
which in the beginning covers the latter almost entirely. Up to this point the bulb 
pr:tctically docs not affect the sensitive plate, althou.~h the gbss is very hot at the point 
of imp:1ct. Gradually the reddish streamer disappears, md just before it c= to be 
visible the bulb begins to show better :1ction, but still the effect upon the plate is very 
weak. Presently a white or even bluish stream is observed, wd after some time the 
glass on the bottom of the bulb gets a glossy :lppe:l.Cance. The heat is still more intense 
and the phosphorescence through the entire bulb is extremely brilliant. One should think 
that such a bulb must be effective, but appearances arc often deceitful, and the beautiful 
bulb still does not work. Even when the white or bluis-h stream ceases, and the glass 
on the bottom is so hot as to be nearly melting, the effect on the plate is very weak. 
But at this stage there appears suddenly at the bottom of the tube a star-shaped changing 
design, as if the electrode would throw off drops of liquid. From this moment on the 
power of the bulb is tenfold, and at this stage it must always be kept to give the best 
results. 

I may remark, however, that while it m:ty be generally stated the Crookes vacuum 
is not high enough for the production of the. Roentgen phenomena, this is not literally 
true. NO£ are tlte Crookes phenomena produced at a p:1rticulu degree of exhaustion, 
but manifest themselves even with poor vacua, provided the potential is high enough. 
This is likewise true of the Roentgen effe<.is. Naturally, to verify this, provision must 
be made not to overheat the bulb when the potenti:1l is raised. This is easily done by 
reducing the number of impulses or their duration, when raising the potential. For such 
experiments, it will be found of advantage to use in connection with the ordinary 
induction coi l a rotating commutt.tor, instead of a vibrating brake. By changing th~ 
speed of the commutator, and also rCb'\llating the Juration of contact, one i~ enabled 
to adjust the conditions to suit the degree of vacuum and potential employed. 

In my experiments on reflection, presently considc:rcd, I h:m: usc,[ the apparatus 
shown in Fig. 2. 1 t consists of a T-shaped box throughout, of a square cross-section. The 
walls arc made of lead over one-eighth of an inch thick, wltich, under the conditions 
of the experiments, was found to be entirely impervious, even by long exposun-s to the 
rays. On the top end was supported firmly the bulb b, inclosed in a glass tube 1 of 
thick Bohemian glass, which reached some distance into the lead box. The lower end 
of the _box w:IS tightly closed by a plate-holder P1 , containing the sensitive film p 1• 

protected as usual. Finally the side end was closed by a similar plate-holder P, with 
the sensitive protected film p. To obtain sharp images the objects o and o1 , exactly 
alike, were placed in the center of the fiber cover, protecting tltc sensitive pbt-.::s. In 
the centra.! portion of the box, provision was nude for inserting a plate r o.f materi:1l, 
the reflective power of whid1 was to be tested, and the dimensions of the box were 
such tllat the reflected ray and the direct one had to go through the s-:unc: distance. 
the reflecting plate being at an angle of 45 degrees to the incident as we11 as reflected 
ray. Care was taken to exclude. all possibility of action upon the plate· p, except by 
reflected rays, and the reflecting plater was made to fit tight all-around in the lead box, 
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so that no rays could rep.ch the film p1, except by passing through the plate to be 
tested. In my earliest experiments on reflection I observed only the effects of reflected 
rays, but in this instance, on the suggestion of Prof. Wm. A. Anthony, I provided the 
above means for simultaneously examining the action of the direct rays, which 'eventually 
p1.ssed through the reflecting plat;e. In this manner it was possible to compare the 
amount of the transmitted and reflected radiation. The glass tube t surrounding the bulb 
b served to render the stre:un.p:~rallel :tnd more intense. By taking impressions at various 
distances ·I found that through a considerable distance there was but little spreading ot 
the bundle of rays or stream of particles. 

To reduce the error whidt is caused unavoid:lbly by too long exposures and very 
small distances, I reduced the exposure to an hour, and the total distance through whid1 
the rays had to pass before reaching ·the sensitive plates was 20 inches, the distance 
from the·bottom of the bulb to the reflecting plate being 13 inches. 

It is needless to remark that all the precautions in regard to the sensitive plates -
constancy of potential, uniform working of ·the bulbs, and maintenance of the same 
conditions in general during these tests have been taken, as far 'as it was practicable. 
The plates to be tested were made of unif6rm size, so as to fit the space provided 
in the lead box. Of the conductors the following were tested: Brass, toolsteel, zinc, 
aluminum, copper, lead, silver, tin, and nickel, and of the insulators, lead-glass, ebonite, 
and mica. The summary of the observations is given in the following table: 

Rdlectins body. 

Drass. 
Toolstcel. 
Zinc. 
Aluminum. 
Copper. 

le:ld. 

Silver. 

Tin. 
N ickel. 
Lead·slass. 
Mica. 
Ebonite. 

Impression by 
transmitted rays. 

Strong. 
Barely perceptible. 
None. 
Very strong. 
None. 

None. 

Strong, :1 thin pl>tc being 
used. 
None. 
None. 
Very strons. 
Very strons. 
Strong. 

Impression by 
reflected rays. 

Fairly strong. 
Very feeble. 
Very strong. 
None. 
Fairly strong, but much Jess 
than zinc. 
Very strOng, but a little 
weaker than zinc. 
Weaker than copper. 

Very strong; about like lead. 
About like copper. 
Feeble. 
Very strons; about like lead. 
About like copper. 

By comparing, as in previous experiments, the intensity of the impression by 
rencctcd rnys with an cquivnlcnt impression due to a direct exposure of the same 
bulb and at the s:une distance - that is, by etlcubting from the times of exposure 
under :lSSumpuion that the action upon the pbte was proportionate to the time -
the follow ing approximate results were obt;~ined: 

Reflecting body. Impression by Impression by 
dire<t acrion. re(le<1etl r>ys. 

Bross 100 2 
Toolstecl 100 0,) 
Zinc 100 > 
Aluminum 100 0 
Copper 100 2 
Le2d 100 2,5 
Silver 100 1,7) 
Tin 100 2.~ 
Nickel 100 2 
Lt>ad-~;lass 100 l 
Mica 100 2.5 
Ebonite 100 2 
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While these figur~ can be but rough approximations, there is, nevertheless, a fair 
probability that they are correct, in so far as the relative values of the impressions by 
reflected rays for the various bodies are concerned. Arranging the metals according to 
these values, and leaving for the moment the alloys or impure bodies out of question, 
we arrive at the following order: Zinc, lead, tin, copper, silver. The tin appears! to 
reflect fully as well as lead, but, allowing for an error in the observation, we may 
assume .that it reflects less, and in this case we find that this order is precisely the 
contact series of metals in air. If this proves true we shall be confronted with the 
most extraordinary fact. \Xfhy is zinc, for ins-tance, the best reflector among the metals 
tested and why, at the same time, is it one of the foremost in the contact series? I have 
not as yet tried magnesium. The truth is that I was somewhat excited over. these results. 
Magnesium should be even a better reflector than zinc, and sodium still better than 
magnesium. How can this singular relationship be explained? The only possible 
explanation seems to me at present that the bulb throws out streams of matter in some 
.Primary condition, and that the reflection of these streams is dependent upon some 
fundamental and electrical property of the metals. This. wo"uld seem to lead to the 
inference that these streams must be of uniform electrification; that is, that they must 
be anodic or cathodic in character, but not both. Since the announcement, I believe 
in France for the first time, that the streams are anodic, I have investigated the subject 
and firtd that l can not agree with this contention. On the contrary, I find that anodic 
afld cathodic streams both affect the plate, and, furthermore, I have been led to the 
conviction that the phosphorescence of the glass has nothin~ whatever to do with the 
photographic impressions. An obvious proof is that such impressibns are produced with 
aluminum vessels when there is no phosphorescence, and, as regards the anodic or 
cathodic character, the simple fact that we Gin produce impressions by a luminous 
discharge excited by induction of a closed vessel, when there is neither anode nor 
cathode, would seena to dispose effectually of the assumption that the streams are 
issuing solely from one of the electrodes. It may, perhaps, be useful to point oot here 
a simple fact in relation to the induction coils, which may lead an experimenter into 
an error. \X1hen a vacuum tube is attached to the terminals of an induction coil, both 
of the terminals are acted upon alike as long as the tube is not very highly exhausted. 
At a high degree of exhaustion both the electrodes act practicall)' independently, and 
since they behave as bodies possessing considerable capacity, the conseq\lcnce is that the 
coil is unbalanced. If the cathode, for instance, is very large, the pressure on the anode 
may rise considerably, and if the latter is made smaller, as is frequently the case, the 
electric density may be many times that on the cathode. It results from this that the anode 
gets very hot, while the cathode may be cool. Quite the opposite occurs if both of them 
are made exactly alike. But assuming the above conditions to exist, the hotter anode 
emits a more intense stream than the cool cathode, since the velocity of the particles 
is dependent on the electrical density, and likewise on the temperature. 

From the previous tests an interesting observation can also be made in regard -to the 
opacity. For instance, a brass plate one-sixteenth ind1 thick proved fairly transparent while 
plates of zinc and copper of the same thickness showed themselves to be entirely opaque. 

Since I have investigated reflection and arrived to results in this dirc:ction, I have 
been able to produce stronger effects by employing proper reflectors. By surrounding 
a bulb with a very thick glass tube lhe effect may be ahgmentcd very considerably. 
The employment of a zinc reflector in one instance showed an increase of about 40 per 
cent in the impression produced. I attach great practical value to the employment of 
proper reflectors, because by means of them we can employ any c1uantity of bulbs, and 
so produce any intensity of radiation required. 

One disappointment in the course of these investigations has been the ·entire failure 
of my efforts to demonstrate refrnction. I ha,·e employed lenses of all kinds and tried 
a .great many experiments, but could not obtain any positive result. 
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' ON ROENTGEN RADIATIONS• 

Having observed the unexpected behavior of the various metals in regard to the 
reflection of these radiations, (sec Electrical Review of April 1, 1896) I have 
endeavored to settle several still doubtful points. As, for the present, it appeared 
d1iefly desirable to establish the exact order of the metals, or conductors, in regard to 
their powers of reflection, leaving for further investigation the determination of the 
magnitude of the effects, I modified slightly the apparatus and procedure described in 
my communication just referred to. The reflecting plates were not made each of one 
metal, as before, but of two metals, the reflective power of which was to be compared. 
This was done by fastening upon a plate of lead the two metal plates to be investigated, 
so that the reflecting surface was divided in two halves by the joining line. Fmthermorc, 
to prevent any spreading and mingling of the rays reflected from both halves, I divided 
the lead box into two compartments by a thick lead plate through the middle. Care 
was taken that the density of the rays falling upon the reflecting surfaces was as uniform 
as possible, and with this object in view the glass tube surrounding tl1e bulb was lifted 
up so as to just o:pose the half-spherical bottom of the latter. The bulb was placed 
as exactly as it was practicable in the center, so that both halves of the reflecting plate 
were equally e>.."posed to the radiations. 

Having failed to obtain, in f<>rmer experiments, a record for iron owing to an 
oversight, I tried to ascertain its position in the series by comparing it with copper, 
using a 'plate made up of iron and copper. The experiments showed that iron reflected 
about as much as copper, but whid1 metal reflected better was impossible to determine 
with safcty by this metoo. Next I endeavored to find whether tin or lead was a better 
reflector, by the same methoo. Three experiments were performed, and in each case 
the metals behaved nearly alike, but tin appeared just a trifle better. Finally I investigated 
the properties of magnesium as compared with zinc. In fact, the experiments showed 
that magnesium reflected a I ittle better. 

I am not yet satisfied, in view of the importance of this relation <>f the metals 
with the means employed, and will try to devise an apparatus which will do away with 
all the defects of the present. The time of the exposure I have found practicable to 
reduce to a few minutes by the help of a fluorescent paper. 

In my previous communic.1tions 1 have barely hinted at the practic:tl importance 
of the usc of suitable refectors. One would be apt to conclude thlt, since under the 
conditions of the previously described e:~:periments, zinc, for instance, rc:fkcted only 
tluec per cent of tl1e incident cays, the gain secured by the employment of such zinc 
reflector would be small. This, of course, would be an erroneous conclusion. First of 
all it should be remembered that in the instances mentioned before the angle of 
incidence was 45 degrees, and that for larger angles a much greater portion of the rays 
would be reflected. 11te exact Jaw of reflecton is still to be determined. Now, let us 

• Electric:tl Review, Apri l 8, 1896. 
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suppose the shadow of an.object is. taken at a distance, D. In order to get a sharp shadow 
we must take this distance not less than two feet, and I am finding it more and more 
necessary to adopt a still greater distance. If, for the sake of simplicity, we assume a 
spherical bulb and electrode, the radiation will be uniform on all sides, and any element 
of a surface of a sphere of radius D, drawn around the electrode, will receive an 
equal quantity of rays. The total surface of this sphere will be 4 11 D2 • The object, 
the shadow of which is to be taken, may have a small area a, which gets on!;' an 

insignificant part of the total cars emitted, this part being gm~n by the proportion 
a a 

4 rr o 2 • In reality we can not assume less than _0..:,:... -,.- as effective ratio, but even then, 
if D is very hrgc :1nJ the object, that is, the :.rca tl, small , this ratio ma)• be sti II sv 
small that evidently, by the usc of a proper reflector, we can easily concentr:1te upon 
the area a an amount of rays several times exceeding that which would fall upon 1t 
without the use of a reflector, in spite of the fact that we arc able to reflect only a fe·.v 
per cent· of the total incident rays. 

As an evidence of the effectiveness of such ,\ reflector, the annexed print of the 
shoulder and ri bs of a man is shown. A funnel-shaped zinc reflector, two feet high, with 
an opening of five inches on the bottom and 23 inches at the top, was used in the: 
experiment. A tube, similar in every respect to those previously described, was suspended 
in the funnel, so that just the static screen of the tube was above the former. 'The 
exact distance from the electrode to the sensitive plate was four and one-half feet. The 
distance from the end of the tube to the plate was three and one-half feet. l11e exposure 
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lasted 40 minutes. The pbte showed very strongly and clearly every bone, and shoulder 
and ribs, but I can not "tell how dearly they will appear in the print. I selected the 
same object as in my first report in your columns on this investigation, so as to give 
a. better idea of the progress made. The advance will be best appreciated by stating 
that the distance in th is case was much more than double, while the time of exposure 
was Jess than one-half. The chief importance of a reflector consists, however, in this, 
that it allows the use of many bulbs· without sacrifice of precision and dearness, and 
also the concentration of a great quantity of radiation upon a very small area. 

' 
Since the use of phosphorescent or fluorescent bodies in connection with the sensitive 

film has been suggested by Professors Henry and Salvioni, I have found it an easy m~tter 
to shorten the time of exposure to a few minutes, or even seconds. So far, it seems that 
the tungstate of calcium, recently introduced by Edison, and manufactured by Messrs. 
Aylsworth & Jackson, is the most sensitive body. I obtained a sample of it and used 
it in a series of tests. It fluoresces decidedly better than barium-platino-cyanide, but, 
owing to the size of the crystals and . necessarily uneven distribution on the. paper, it 
does not leave a clean impression. For use in connection with the sensitive films, tt 
should be ground very fine, and some way should be adopted of distributing it 
uniformly. The paper also must adhere f irmly to the film all over the plate, so as to 
get fairly sharp outlines. The fluorescence of this body seems to depend on a peculiar 
radiation, because I tested several bulbs, which otherwise worked excellently, without 
producing a very good •res\J lt, and I almost gained a false impression. One or two of 
the bulbs, however, effected it very powerfully. An impression of the hand was taken 
at a distance of about six feet from the bulb with an exposure of Jess than one minute, 
and even· then it w:ls found that the plate was overexposed. I then took an impression of 
the chest of a man at a distance of 12 feet from the end of the -tube, exposing five 
minutes. The developed plate showed the ribs clearly, but the outlines were not sharp. 
Next, I employed a tube with a zinc reflector, as before described, taking an impression 
of the chest of an assistant at a d istance of four feet from the .bulb. The latter was 
strained a little too much in this experiment and exploded, in consequence of the gre~t 
internal pressure against the bombarded spot. TI1is accident will f requently occur whc;n 
the bulb is strained too high, the preceding outward sign being an increased activity 
and vaporlike appea.rance of the gas in the bulb and rapid heating of the latter. The 
process causing the abnormal increase in the internal pressure against the glass wall 
seems to be due to some action opposite to that noted by Crookes and Spottiswoode, and 
is very rapid, and for this reason the experimenter should watch carefully for these 
ominous signs and instantly reduce the potential. Owing to the untimely end of the bulb 
in this last described experiment, the exposure lasted only one minute. Nevertheless, 
a very strong impression of the skeleton of the chest, showing the right and left ribs 
and other details, was obtained. The outlines, however, were again much less sharp 
than when the ordinary process withou t the phosphorescent intensifier was fo llowed, 
although care was taken to press the fluoroscent paper firmly against the film. From 
the foregoing it is evident th:lt, when using the above means for shoriening the time 
of exposure, the thirkness of the objctt is not of very much consequence. 

I obtained a still better idea of tl1c quality of tungstate of c;.tlciun"t by observing 
the effect upon :1 fluorescent screen made of this chemical. Such a screen, lo,t;cther with 
a paper box, has been termed with the f~nciful nam-:: "fluoroscope." It is really Salv ioni·~ 

Cryptoscope with the lc·ns omitted, which is a great d isadvanta_f;e. To appreciate the 
performances of such a screen, it is necessary to work at night, when the eye has fo~ 
a long time been nsed to the dad,ness, and made capable of noting the faint effects 
on the screen. In one instance the perfMmancc of this screen was particularly noteworthy. 
It was illuminated at a d istance of 20 feet, and even at a dist:tnce of 40 feet I could 
still observe a faint shadow passing across the field of vision, when moving the hand 
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in front of the instrument. Looking at a distance of about three feet from the bulb 
through the body of an asSistant, I could distinguish easily the spinal column in the upper 
part of the body, which was more transparent. In the lower part of the body the column 
and the rest were practically not perceptible. The ribs were only very faintly seen. The 
bones of the neck we.re plainly noticeable, and I could see through the body of the as
sistant very easily a square plate of copper, as it was moved up and down in f root of the 
bulb. When looking through the head I could observe only the outline of the skull and 
the chin-bone, yet the field of vision was still bright. Everything else appeared indistinct. 
This shows that improving of fluorescence will not aid us very much in the examination 
of the internal parts of the body. The solution rather will come through the production of 
very powerful radiations, capable of producing very st.rong shadows. I believe I have in
dicated the right way to secure this result. Although it must be admitted that the perfor
mance of such a screen is remarkable with ·the appliances I have used, I have, nevertheless, 
convinced myself of its still limited value for the purpose of examination. We c:~n 
distinguish the bones in the limbs, but not nearly as clearly as a photographic impression 
shows it. Eventually, however, with the help of strong radiations and good reflectors, 
such fluorescent screens may become valuable instruments for investigation. A few week~ 
ago, when I observed a small screen of barium-platina-cyanide flare up at a great distance 
from the bulb, I told some friends that it might be possible to observe by the :1id of 
such a screen objects passing through a street. This possibility seems to me much nearer 
at present than it appeared then. Forty feet is a fair width for a street, and a screen 
lights up · faintly at that distance from a single bulb. I mention this odd idea only as 
an illustration of how these scientific developments may even affect our morals and 
customs. Perhaps we shall shortly get so used to this state of things that nobody will feel 
the slightest embarrassment while he is conscious· that his skeleton and other particular3 
are being scrutinized by indelicate observers. 

Fluorescent screens afford some help in getting an idea of the condition of the 
bulb when working. I hoped to find some evidence of refraction by means of such 
a screen, placing a lens between it and the bulb, and varying the focal distance. To 
my disappointment, although the shadow of the lens was observable at a distance of 
20 feet, I could see no trace of refraction. The use of the screen for the purpose of 
noting the efCects of reflection and diffraction proved likewise futile. 

• 
' . 
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ROENTGEN RAY INVESTIGATIONS• 

Further investigations concerning the behavior of the various metals in regard 
to reflection of these radiations have given additional support to the opinion whidt 
I have before ·expressed; namely, that Volta's electric contact series in air is identical 
with that which is obtained when arranging the metals according to their powers of 
reflection, the most electro-positive metal being the best reflector. Confining myself to 
the metals easily experimented upon, this series is magnesium, lead, tin, iron, copper, 
silver, gold and platinum. The lastnamed metal should be found to be the poorest, and 
sodium one of the best, reflectors. This relation is rendered still more interesting and 
suggestive when we consider that this series is approximately the s:une which is obtained 
when arranging the metals according to their energies of combination with oxygen, 
as calculated from their chemical equivalents. 

Should the above relation be confirmed by other physicists, we shall be justified 
to draw the following conclusions: First, the highly exhausted bulb emits material 
streams which, impinging on a metallic surface, are reflected; second, these streams 
are formed of matter in some primary or elementary condition; third, these materiaf 
streams are probably the same agent which is the cause of the electro-motive tension 
between metals in close proximity or actual contact, and they may possibly, to some 
extent, determine the energy of combination of the metals with o;-.:ygen; fourth, every 
metal or conductor is more or less a source of such streams; fifth, these streams 01 

radiations must be produced by some radiations which exist in the medium; and sixth,. 
streams resembling the cathodic must be emitted by the sun and probably also by other 
sources of radiant energy, such as an arc light or Bunsen burner. 

'f!te first of these conclusions, assuming the above-cited fact to be correct, is evident 
and uncontrovertible. No theory of vibration of any kind would account for this singular 
relation between the powers of reflection and electric properties of the metals. Streams 
of projected matter coming in actual contact with the reflecting metal surface afford the 
only plausible explanation. 

The second conclusion is likewise obvious, since no difference whatever is 
observed by employing various qualities of glass for the bulb, electrodes of different 
metals and any kind of residual gases. Evidently, whatever the matter constituting the 
streams may be, it must undergo a change in the process of expulsion, or, generally 
speaking, projection - since the views in this regard still differ - in si.tch a way as 
to lose entirely the characteristics which it possessed when fonning the electrode, or wall 
of the bulb, or the !,>aSeous contents of the latter. 

. The existence of the above relation between the reflecting and contact series forces 
us likewise to the third conclusion, because a mere coincidence of that kind is, to say the 
least, extremely improbable. Besides, the fact may be cited that there is always :-. 

• Electrical Review, April 22, 1896. 
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difference of potential se~ up between two metal plates at some distance and in the 
path of the rays issuing from an exhausted bulb. 

Now, since there exists an electric pressure of difference of potential between 
two metals in close proximity or contact, we must, when considering all the foregoing, 
come to the fourth conclusion, namely, that th:: metals emit similar streams, and 
{ therefore anticipate that, if a sensitive film be placed between two plates, say, oi 
magnesium and copper, a true Roentgen shadow picture would be obtained after a very 
long exposure in the dark. Or, in general, such picture could be secured whenever the 
plate is placed near a metallic or conducting body, leaving for the present the insulators 
out of consideration. Sodium, one of the first of the electric contact series, but not yet 
experimented upon, should give out more of such streams than even magnesium. 

Obvioilsly, such streams could not be forever emitted, unless there is a continuous 
supply of radiation from the medium in some other form; or possibly the streams which 
the bodies themselves emit are merely reflected streams coming from other sources. But 
since all investigation has strengthened the opinion advanced by Roentgen that for 
the production of these radiations some impact is required, the former of the two 
possibilities is the more probable one, and we must assume that the radiations existing 
in the medium and giving rise to those here considered partake something of the nature 
of cathodic streams. 

. But if such streams cxis.t all around us· in the ambient medium, the question arises, 
whence do they come? The only answer is: From the sun. I infer, therefore, that the 
sun and other sources of radiant energy must, in a less degree, emit radiations or streams 
of matter similar to those thrown off by an electrode in a highly exhnusted :inclosure. 
This seems to he, at this moment, still a pOint of controversy. According to my present 
convictions a Roentgen shadow picture should, with very long exposures, be obtained 
from all sources of radiant energy, provided the radiations arc permitted first to impinge 
upon a metal or other body. 

The preceding considerations tend to show that the Jumps of matter composing a 
cathodic stream in the bulb are broken up into incomparably smaller particles by impact 
against the ·wall of the latter, and, owing to this, are enabled to pass into the air. All 
evidence which I have so far obtained points rather to this than to th~ throwing off 
of particles of the wall itself under the violent impact of the ·cathodic stream. According 
to my convictions, then, the difference between Lenard and Roentgen rays, if there be 
an)'. lies solely in this, that the particles composing the latter are incompnrnbly srnalier 
and possess a higher velocity. To these two qualifications I chief!)' attribute the non
deflectibility by a magnet which I believe will be disproved in the end. Both kinds 
of rays, however, aiicct the sensitive plate and fluorescent screen, only the rays 
discovered by Roentgen arc mtKh more effective. \'1/e know now that these rays arc 
produced under certain exceptional conditions in a bulb, the vatuum being e~tremelr 
high, and that the range of greatest activity is rather smalL 

I have endeavored to find whether the reflected rays possess certain distinctive 
features, and I have taken pictures of various objects with this purpose in view, but 
no . marked difference was noted in any case. I therefore conclude that the matter 
composing the Roentgen rays does not suffer further degradation by impact against 
bodies. One of the most important tasks for the experimenter remains still to determine 
what becomes of the energy of these rays. In a number of experiments with rays 
reflected from and transmitted through a conducting of insulating plate, I found that 
only a sm~ll part of the rays could be accounted for. For instance, through a zinc plate, 
one-sixteenth of an inch thick, under an incident angle of 45 degrees, about two and 
one-half per cent were reflected and about three per cent transmitted through the 
plate, hence over 94 per cent of the total radiation remain to be accounted for. All 
the tests which I have been able to make have confirmed Roentgen's statement that these 
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rays are incapable of raising the temperature of a body. To trace this lost energy and 
acco"unt for it in a plausible way will be equivalent to making a new d iscovery. 

Since it is now demonstrated that all bodies reflect more or less, the diffusion 
through the air is easily accounted for. Observing the tendency to scatter through the . 
air, I have been led to increase the efficiency of reflectors by providing not one, buf 
separated successive layers for reflection, by making the reflector of thin sheets of metal, 1 

mio or other substances. The efficiency of mica as a reClector I attribute chiefly to the 
fact that it is composed of many superimposed layers which reflect individually. These 
m:~ny successive reflections :tre, in my opinion, also the cause of the scattering through 
the air. 

In. my communication to you of April 1, I have for the first time stated that 
these rays are composed of matter in a "primary" or elementary condition or state. I have 
chosen this mode of expression in order to avoid the usc of the word "ether", which 
is usually understood in the sense of the Maxwellian interpretation, which would not 
be in accord with my present convictions in regard to the nature of the radiations. 

An observation which might be of some interest is the following: A few years ago 
I described on one occasion a phenomenon observed in highly exhausted bulbs. I t is 
a brush or stream issuing from a single electrode under certain· conditions, which rotates 
very rapidly in consequence of the action of the earth's magnetism. N ow I have recently 
observed this same phenomenon in se,·eral bulbs which were capable of impressing 
the sensitive film and fluorescent screen very strongly. As the brush is rapidly twirling 
around I have conjectured that perhaps also the Lenard and Roentgen streams arc 
rotating under the action of the earth's magnetism, and I am endeavoring to obtain 
an evidence of such motion by studying the action of a bulb in various positions with 
respect to the magnetic axis of the earth. 

In so far as the vibrational character of the rays is concerned, I still hold that 
the vibration is merely that which is conditioned by the apparatus employed. With the 
ordinary induction coil we have almost exclusively to deal with a very low vibration 
impressed by the commutating device or brake. With the disruptive coil we usually have 
:t very strong superimposed vibration in addition to the fundamcnt:tl one, and it is easy 
to tmce sometimes as mud1 as the fourth octave of the fundamental vibrntion. I3ut 
I can not reconcile myself with the idea of vibrations :tpproximating or even exceeding 
those of light, and think that all these effects could be as well produced with a steady 
electrical pressure as _from a battery, with the exclusion of all vibration which may 
ocrur, even in such instance, as has been pointed out by De La Rive. In my experiments 
I h:tve tried to ascertain whether a greater difference lx:twcen the shadows of d1e bones 
and flesh could be obtained br emploring rurrents o f extremely high frequency, but 
I have been unable to discover any such effect which would be dependent on the 
frequency of the currents, although d1e latter were vuied between :15 wide limits as was 
possible. But it is a rule thnt the more intense the action the sharper the shadows 
obtained, provided that the distance is not too small. It is furthermore of rhe greatest 
importance for the clearness of the shadows that the rays should be passed through some 
tubular reflector, which renders them sensibly parallel. · 

In order then to bring out as much detail as possible on a sensitive plate, we 
have to p roceed in precisely d1e same w:ty as if we had to deal with flyinJ; bullets 
hitting against a wall composed of parts of differen t density with the problem before us 
of producing ns large as possible a difference in the trajectories of the bullets which 
pass through the ,·arious parts of the wall. Manifestly, dlis difference will be the greater 
the greater the velocity of the bullets; hence, in order to bring out detail, very strong 
radiations arc required. Proceeding on this theory I have employed exceptionally thick 
films and developed very slowly, and in this wa)' clearer piclures have been obtained: 
The importance of slow development has been first pointed out by Professor Wright, 
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of Y ale. Of course, if Professor Henry's suggestion of the use of a fluorescent body in 
contact with the sensitive ·film is made use of, the process is reduced to an ordinary 
quick photographic procedure, and the above consideration does not apply. 

It being desirable ~o produce as powerful a radiation as possible, I have continued 
to devote my attention to this problem and have . been quite successful. First of all, 
there existed limitations in the vacuum tube which did not permit the applying of as 
high a potential as I desired; namely, when a certain high degree of exhaustion was 
reached a sp:uk would form behind the electrode, which would prevent straining the 

• 

• 
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• tube much higher. This inconvenience I have overcome entirely by making the wire 
leading to the electrode very long aod passing it through a narrow channel, so that 
the heat from the electrode could not cause the formation of such sparks. Another 
limitation was imposed by streamers which would break out at the end of the tube when 
the potential was excessive. This latter inconvenience l have overcome either by the 
use -of a cold blast of air along the tube, as I have mentioned before, or else by 
immersion of the tube in oil. 1l1e oil, as it is now well known, is a means of rendering 
impossible the formation of streamers by the exclusion of all ai r. The usc of the oil 
in connection with the production of these radiations has been early advocated in this 
country by Professor Trowbridge. Originally I employed a wooden box made thoroughly 
tight with wax and filled with oil or other liquid, in which the tube was immersed. 
O bserving certain specific actions, I modified and improved the apparatus, and in my 
later investigations I have employed an arrangement as shown in the annexed cut. 
A bulb b, of the kind described before, with a leading-in wire and neck much longer 
than here shown, was inserted into a large and thick glass tube t. The tube was closed 
in front by a diaphragm d of pergameot, and by a rubber plug P in the back. The 
plug was provided with two holes, into the lower one of which a glass tube t 1, reaching 
to very nearly the end of the bulb, was inserted. Oil of some kind was made to flow 
through rubber tubes ,. r from a large reservoi r R, pbccd on an adjustable support S, 
to the lower reservoir R1, the path of tile o il being ck·arly observable from the dmwing. 
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By adjusting the difference of the level between the two reservoirs it was easy 
to maintain a permanent condition of working. The outer glass tube t served in part 
as a reflector, while at the same time it permitted the observation of the bulb b during 
the action. The plug P, in which the conductor c was tightly sealed, was so arranged 
that it could be shifted in and out of the tube t, so as to vary the thickness of the oil 
traversed by the rays. 

I have obtained some results with this apparatus which clearly show the advantage 
of such disposition. For instance, at a distance of 45 feet from the end of the bulb 
my assistants and myself ~auld observe clearly the fingers of the hand through a screen 
of tungstate of calcium, the rays traversing about two and one half inches of oil and 
the diaphragm d. It is practicable with such appamtus to make photographs of small 
objects at a distance of 40 feet, with only a few minutes exposure, by the help ot 
Professor Henry's method. But, even without the use of a fluorescent powder, short 
exposures are practicable, so that I think the use of the above method is not essential 
for quick procedure. I rather believe that in the practical development of this principle, 
if it shall be necessary, Professor Salvioni' s suggestion of a fluorescent emu Is ion, 
combined with a film, will have to be adopted. This is bound to give better results 
than an independent fluorescent screen, and wiH very much simplify the process. I may 
say, however, that, since my last communication, considerable improvement has been 
made in the screens. The manufacturers of Edison's tungstate of calcium are now 
furnishing screens which give fairly clean pictures. TI1e powder is fine and it is more 
uni formly distributed. I consider, also, that the employment of a softer and thicker 
paper than before is of advantage. It is just to remark that the tungstate of calcium has 
also proved to be an excellent fluorescent in the bulb. I tested its qualities for such 
use immediately and find it so far unexcelled. Whether it will be so for a long time 
remains to be seen. News reaches us that several fluorescent bodies, better than the 
cyanides, have been discovered abroad. 

Another improvement with a view of increasing the sharpness of the shadows 
has been proposed to me by Mr. E. R. Hewitt. He assumed that the absence of sharpness of 
the outlines in the shadows on the screen was due to the spread of the fluorescence from 
crystal to crystal. He proposed to avoid this by using a thin aluminum plate with many 
parallel grooves. Acting on this suggestion, I made some experiments with wire gauze 
and, furthermore, with screens made of a mixture of a fluorescent with a non-fluorescent 
powder. I found that the general brightness of the screen was dininished, but that with 
a strong· radiation the shadows appeared sharper. This idea might be found capable of 
useful application. 

By the use of the above apparatus I have been enabled to examine much better 
than before the body by means of the fluorescent screen. Presently the vertebral column 
can be seen quite clearly, even in the lower part of the body. I have also clearly noted 
the outl ines of the hip bones. Looking in the region of the heart I have been able to 
loc:~te in unmistakably. The b:tckground appeared much brighter, and this t.lifferencc 
in the intensity of the shadow and surrount.l ing has surprised me. 11\e ribs I could now 
see on a number of occasions quite distinctly, as well as the shoulder bones. Of course, 
there is no difficulty whatever in observing the bones of all limbs. I noted certain 
peculiar effects which I attribute to the oil. For instance, the rays passed through plates 
of metal over one·eighth of an inch thick, and in one instance I could see quite clearly 
the bones of my hand through sheets of copper, iron :1nd brass of a thickness of n~rly 
one-quarter of :Ill inch. Through glass the r:tys seemed to pass with such freed om that, 
looking through the screen in a direction at right angles to the axis of the tube, the 
action was most intense, although the rays had to pass through a great thickness of 
glass and oi l. A glass slab nearly one-half of an inch thick, held in front of the screen, 
hardly dimmed the fl uorescence. When holding the screen in front of the tube at 
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a di$tanCe of about three. feet, the bead of an assistant, thrust between· the screen and 
the .tube, cast but a feeble shadow. It appeared some times as if the bones and the 
fles'h v.•ere . equally transparent to the radiations passing through the oil. When very 
dose to the bulb, the screen was illumin:tted through the body of an assistant so strongly 
that, when a hand was moved in front, I could clearly note the motion of the hand 
through the body. In one instance I could even distin!,>uish the bones of the arm. 

Having observed the extraordinary transparence of the bones in some instances, 
I at first surmised that the rays might be vibrations of high pitch, and that the oil 
had in some ..yay absorbed a part of them. This view, however, became untenable when 
I fou.np that at a certain distance from the bulb I obtained a sharp shadow of the 
bones. This latter observation led me to apply usefully the screen in taking impressions 
on' the plate. Namely, in such case it is of :tdvantage to first determine by means of 
the screen the proper distance at which the object is to be placed before taking the 
impression. It will be found that often the im.1ge is much dearer :tt a gre:tter distance. 
In order to avoid any error when observing with the screen, I have surrounded the box 
with thick metal plates, so as to prevent the fluorescence, in consequence of the radiations, 
reaching the screen from the sides. I believe th:tt such an arrangement is :tbsolutely 
necessary if one wishes to make correct observations. 

During my study of the behavior of oils and other liquid insulators, whid1 I am still 
continuing, it has occurred to me to investigate the important effect discovered by Prof. 
J. J. Thomson. He announced some time ago that all bodies traversed by Roentgen radi.a· 
tions become conductors o( electricity. I applied a sensitive resonance test to the investi· 
gation of this phenomenon in a manner pointed out in my earlier writi.ngs on high 
frequency currents. A secondary, preferably not in very close inductive relation to the pn· 
mary circuit, was connected to the latter and to the ground, and the vibration through the 
primary was so adjusted that true resonance took pl:tce. As the secondary had a considerable 
number of turns, very small bodies attached to the free terminal produced considerable 
variations of potential on the latter. Placing a tube in a box of wood filled with oil and 
attaching it to the terminal, I adjusted the vibration through the primary so that reson:1nce 
took place without the bulb radiating Roentgen rays to an appreciable extent. I then 
changed the conditions so that the bulb became ,·ery active in the production of the 
rays. The oi l should h:1ve now, according to Prof. J. J. TI1omson's st:uement, become 
a conductor and 3 very marked change \n the vibration should have (ICCUrred. This was 
found not to be the case, so that we must ~cc in the phenomenon JiscovNed hy J. J. 
Thomson only a further evidence that we have to deal here with stre:uns of mallcr 
which, traversing the bodies, carry away elcctrictl chu,~;es. But the bodies do 11ot hcromc 
conductors in the common acceptance of the term. The method I h:!\'~· followed is so 
delicate that a mist:tke is :~lmost an impossibility . 

• 
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AN INTERESTING FEATURE OF X-RAY RADIATIONS· 

I 

The following observations, maJe with bulbs emitting Roentgen radiations, may 
be of value in throwing additional light' upon the nature of these radiations, as well as 
illustrating better properties already known. In the main these observations agree with 
the views which have forced themselves upon my mind from the outset, namely, that 
the rays consist of streams of minute material particles projected with great velocity. In 
numerous experiments I have found that the matter whid1, by impact within the bulb, 
causes the formation of the rays may come from either of the electrodes. In:tsmuch as 
the latter are by continued use disintegrat·ed to a marked degree, it seems more plausible 
to assume that the projected matter consists of parts of the electrodes themselves rather. 
than of the residual gas. However, other observations; upon which I can not dwell at 
present, lead to this conclusion. The lumps of projected matter are by impact further · 
disintegrated into particles so minute as to be able to pass through the walls of the bulb,. 
or else they te~r off such part icles fr0m the walls, or generally bodies, against· whid1 
they are projected. At any rate, an impact and consequent shattering seems absolutely 
necessary for the production of Roentgen rays. The vibration, if there be any, is only 
that which is impressed by the apparatus, and the vibrations can only be longitudinal. 

The principal source of the rays is invariably the place of first impact within the 
bulb, whether it be the anode, as in some forms of tube, or an inclosed insulated body, 
or the glass wall. When the matter thrown off f rom an electrode, after striking against . 
:tn obstacle, is thrown against another body, as the wall of the bulb, for instance, the 
pbce of second impact is a very feeble source of the rays. 

These and other facts will be better appreciated by referring to the annexed figure, 
in which a form of tube is shown used in a number of my experiments. The: general 
form is that described on previous occ-..sions. A single electrode fl, consisting of :1. massive 
aluminium plate, is mounted on a conductor c., provided with a g lass wrapping w as 
usual, and sealed in one of the ends of a straight tube b, about five centimetres in 
diameter and 30 centimetres long. The other end of the tube is blown out 
into a thin bulb of a slightly larger diameter, and near this end is supported 
on a glass stem s a funnel f of thin platinum sheet. In such bulbs I have used 
a number of different metals for impact with a view of increasing the in tensity 
of the rays and also for the purpose of reflecting and concentrating them. Since, 
however, in a later contribution, Professor Roentgen b:tS pointed out that platinum 
gives the most intense rays, 1 have used chiefly this metal, finding a m:~rked increase 
in the effect upon the screen or sensitive plate. The particular object of the presently 
described construction was to ascertain whether the rays generated at the inner surface 
o f the platinum funnel f would be brought to a. focus outside of the bulb, and [ urthcr, 
whether they would p roceed in st raight lines from that point. For this purpose the ·apex 
of the platinum cone was arranged to be about two centimetres outside of the bulb at o. 
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When the bulb w~ properly exhausted and set in action, the glass wall below 
the funnel f became strongly phosphorescent, but not uniformly, as there was a narrow 
ring r r on the periphery brighter than the rest, this ring being evidently due too the 
rays reflected fro(n the platinum sheet. 

Placing a fluorescent screen in contact or quite dose to the glass wall below the 
funnel, the portion of the screen in the immediate neighborhood of the phosphorescent 
patch was brightly illuminated, the outlines being entirely indistinct. Receding now 
with the screen from the bulb, the strongly illuminated spot became smaller and the 
outlines sharper, until, when the point o was reached, the luminous part had dwindled 
down to a small point. Moving the screen a few millimetres beyond o caused a small 
dark spot to appear, which widened into a circle and became larger and larger in the 
same measure as ·the distance from the bulb was increased (seeS), until, at a sufficiently 
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• 
Diagram Illustrating The Experiment . 

large distance, the dark circle covered the entire screen. This. experiment illustrated in 
a beautiful way the propagation in straight lines, which Roentgen originally proved 
by pinhole photographs. But, besides this, an important point was noted; namely, that 
the fluorescent glass wall emitted practically no rays, whereas, had the platinum not 
been present, it would have been; under similar conditions, an efficient source of the rays, 
for the glass, even by weak excitation of tl1e bulb, was strongly heated. I can only. explain 
the absence of the radiation from the glass by assuming that the matter proceedi'ng 
from the surface of the platinum sheet was already in a finely divided state when it 
reached the glass wall. A remarkable fact is, also, that, at least by a weak excitation 
of the bulb, the edges of the dark circle were very sharp, which speaks strongly 
against diffusion. By exciting the bulb very strongly, the background became brighter 
and the shadow S fainter, though it conlinuc;d to be plainly visible even ·then. 

From the preceding it is evident that, by a suitable construction of tl1e bulb, the 
nys emanating from the latter may be concentrated upon any small area at some distance, 
and a practical advantage may be taken of this fact when producing impressions upon a 
plate or examining bodies by means of a fluorescent screen. 
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ROENTGEN RAYS OR STREAMS • 

In the original report of his epod!al discoveries, R6entgen expressed his conviction 
that the phenomena he observed were due to certain novel disturbances in the ether. 
This opinion deserves to be considered the more as it was probably formed in the 
first enthusiasm over the revelations, when the mind of the discoverer was capable 
of a much deeper insight into the nature of things. . 

It was known since long ago that certain dark radiations, capable of penetrating 
opaque bodies, ·existed, and when the rectilinear propagation, the action on a fluorescent 
screen and on a sensitive fi.lm was noted, an obvious and unavoidable inference was 
that the new radiations were transverse vibrations, similar to those known as light. On 
the other hand, it was difficult to resist certain arguments in favor of the Jess popular 
theory of material particles, especially as, since the researches of Lenard, it has become 
very probable that material streams, resembling the cathodic, existed in free air. 
Furthermore, I myself have brought to notice the fact that similar material streams -
which were subsequently, upon Roentgen's announcement, found capable of producing 
impressions on a sensitive film - were obtainable in free air, even without the 
employment of a vacuum bulb, simply by the use of very high potentials, suitable for 
imparting to the molecules of the air or other particles a sufficiently high ;velocity. 
In reality, such puffs or jets of particles are formed in the vicinity of every highly 
charged.conductor, the potential of which is rapidly varying, and I have shown that, unless 
they are prevented, they are fatal to every condenser or high-potential transformer, no 
matter how thick the insulation. They also render practically valueless any estimate 
of the period of vibration of an electro-magnetic system by the usual mode of calculation 
or measurement in a static condition in all cases in which the potential is ver1 high and 
the frequency excessive. 

It is significant that, with these and other facts before him, Roentgen inclined to 
the conviction that the rays he 9iscovered were longitudinal waves of ether. 

After a long and careful investigation, with apparatus excellently suited for the 
purpose, capable of producing impressions at great distances, and after examining the 
results pointed out by other experimenters, I have come to the conclusion which I have 
already intimated in my former contributions to your esteemed journal, and which I now 
find courage to pronounce without hesitation, tl1at the original hypothesis of Roentgen 
will be confirmed in two particulars; first, in regard to the longitudinal character of 
the disturbances; second, in regard to the medium concerned in their propagation. The 
present expression of my views is made solely for the purpose of preserving a faithful 
record of what, to my mind, appears to be the true interpretation of these new and 
important manifestations of energy. 

Recent observations of some dark r:td iations from novel sources by Becquerel and 
others, and certain deductions of Helmholtz, seemingly applicable to the cxplan:ttion 
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of the peculiarities of the Roentgen rays, have given additional weight to the arguments 
on behalf of the theory of tr:~nsvers~ vibrations, and :1ccordingly this interpretation of 
the phenomena is held in favor. But this view is still of a purely specul:1tive character, 
being, as it is at present, unsupported by any conclusive experiment. Contrarily, there 
is considerable experimental evidence that some matter is p rojected wi th great velocity 
from t!1c bulbs, th is mllter being in all probability the only cause of the nctions 
discovered by R:>cntgcn. 

There is but little doubt at present that a cathodic str= within a bulb is composed 
of small particles of matter, thrown off with great velocity from the electrode. The 
velocity probably attained is estimable, and fully accour.table for the mechanical and 
h=:~ting effects produced by the impact against the wall or obstacle ~:ithin the bulb. It is, 
furthermore, an accepted view that the projected lumps of matter act as inelastic bodies, 
similarly to ever so many small lead bullets. It can be easily shown that the velocity of the 
stream may be as much :1s 100 kilometers a second, or even more, at least in bulbs with 
a single electrode, in which the practicable vacua :md potentials are much higher than 
in the ordinary bulbs with two electrodes. But, now, matter moving with such great 
velocity must surely penctr:1tc great thicknesses of the obstruction ·in its path, if the laws 
of mechanical impact are :It all :tpplic:lble to a cathodic stre:tm. I have presently so much 
C:!mili:trized myself with this view th:tt, if I had no experimental evidence, I would 
not question the f:tct that some matter is projected through the thin wall of a v:1cuum 
t'.ilie. The exit from the latter is, however, the more likely to occur, as the lumps of 
matter must be shattered into still much smaller particles by the impact. From my 
experiments on reflection of the Roentgen rays, before reported, which, with powerful 
radiations, may be shown to exist under all angk·s of incidence, it appears that the lumps 
or m:>lccules are indeed shattered into fragments or constituents so small as to make 
t!1em lose entirely some physical properties possessed before the impact. 1l1us, the material 
co:!!posing the electrode, the wall of the bulb or obstruction of any kind pbccd within 
the latter, arc of absolutely no ronse<juencc, except in so f:u as the intensity of the rndia
tions is concerned. It also appears, as I have pointed out, that no further disintc~rntion 
of the lumps is attendant upon a seconJ impact. 'I11c matter composing the c:tthodic 
stream is, to all evidence, reduced to matter of some p rim:1ry form, heretofore not 
known, as such velocities and such violent impacts have probably never been studied 
or even attained before these extraordina ry manifestations were observed. Is it not 
possible th~t the very ether vortexes which, according to Lord Kelvin's ideal theory, 
compose the lumps, :trc dissolved, and that in the Roentgen phenomena we may witness 
a transform:ttion of ordinary m:1tter into ether? It is in this sense tl1at, I think, 
Roentgen's first hypothesis will be confirmed. In such case there can be, of course, no 
question.of w:1vcs other than the longitudinal assumed by him, only, in mr opinion, the 
frequency must be very small - that of the electro-magnetic vibrating system - gene
rally not more than a few millions a second. If such process o f tmnsformation docs take 
place, it will be difficult, if not impossible, to determine the amount of ener;,>y represented 
in the radiations, and the statement that this .amount is very small should be received 
with some caution. 

As to the rays cxh:1ustively studied by Lenard, whid1 have proved to be [he 
nucleus of these g reat realizations, I hold them to be true cathodic streams, projected 
through the wall of the tube. 1l1cir deflectibility by a magnet shows to my mind simply 
that they differ but little from those within the bulb. 1l1e lumps of matter arc p robably 
large and the velocity small as compared with that of the Roentgen rays. They should, 
however be capable in a minor degree of all the actions of the latter. These, :1ctions 
I considec to be purely mechanical and obtainable by other means. So, for instance, 
I think that if a gun loaded with merwry were fired tluough a thin board , the projected 
mercury vapor would ost a shadow of :tn object upon a film made especially sensitive 
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to mechanical impact, or upon a screen of materi:tl capable of being rendered fborescent 
by such . impact. · 

The following observations made by myself and others speak more or less for the 
existence of the streams of matter . 

• 

I - PHENOMr.NA OF EXHAUSTION . 

On this subject I have _expressed myself on another occasion: It is only necessary 
to once more point out that the effect observed by me should not be confounded with 
that noted by Spottiswoode and Crookes. I explain the latter phenomenon as. follows: 
The first fluorescence appearing when the current is turned on, is due to some organic 
matter almost always introduced in the bulb in the process of manufacture. A minute 
layer of such matter on the wall produces invariably this first fluorescence, and the latter 
never takes place when the bulb has been exhausted under application of a high degre~ 
of heat or when the organic matter is otherwise destroyed. Upon the disappearance of 
the first fluorescence the rarefaction increases slowly, this being a necessary result of 
particles being projected from the electrode and fastening themselves upon the wall . 
These particles absorb a large portion of the residual gas. The latter can be again freed 
by the application of heat to the bulb or otherwise. So mud1 of the effects observed 
by these investigators. In the instance observed by myself, there must be ach1al expulsion 
of matter, and for this ·speak following facts: (a) the cxha'ustion is quicker when the 
glass is thin; (b) when the potential is higher; (c) when the discharges are more sudden; 
(d) when there is no obstruction within the bulb; (e) the exhaustion takes place quickest 
with an aluminum or platinum electrode, the former metal giving particles moving 
with greatest veloci.ty, the latter particles of greatest weight; (f) the glass wall, when 
softened by the heat, docs not collapse, but bulges outwardly; (g) the exhaustion takes 
place, in some cases, even if a small perceptible hole is pierced through the glass; (h) all 
causes tending to impart a greater velocity to the particles hasten the process of 
exhaustion. 

II - RELATION BET\'<'EEN OPACITY AND DENSITY 

The important fact pointed out early by Roentgen and confirmed by subseguen~ 
researt·h, namely, that a body is the more opaque to the rays the denser it is, can not 
be explained as satisfactorily under any other assumption as that of the rays being 
streams of matter, in which case such simple relation between opacity and density would 
necessarily exist. This relation is the more important in its bearin;; upo11 the 
n~ture of the rays, as it does not at all exist in light-giving vibr:~tions, and should 
consequently not be found to so marked a degree and under "" condition.< 11litb 
tlibratiom, presumably similar to and approximating in frequency the' light vibrations. 

Ill _:_ DEFINITION OF SHADOWS ON SCREEN OR PLATE 

When taking impressions or observing shadows while varying the intensity of the 
radiations, but maintaining all other conditions as nearly as possible alike, it is found 
that the employment of more intense radiations secures little, if any, advantage, as 
regards the definition of the details. At first it was thought that all there was needed 
was to produce very powerful rays. But the experience was disappointing, for, while 
I succeeded in producing rays capable of impressing a plate at distances of 
certainly not less than 30 metres, I obtained but slightly better results. There was one 
advantage in using sudl intense rays; and this was that the plate could be further 
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removed from the source,• and consequently a better shadow was obtained. But otherwise 
nothing to speak of was gained. The screen in the dark box would be at times rendered 
so bright as to allow reading· at some distance plainly, but the shadow was not more 
distinct for all that. In fact, often a very strong radiation gave a poorer impression than 
a weak one. Now, a fact which I have repeatedly observed and to which I attach great 
importance in this connection, is the following: When taking impressions at a small 
distance with a tube giving very intense rays, no shadow, unless a scarcely perceptible 
one, is obtained. Thus, for instance, the flesh and bones of the hand appear equally 
transparent. Increasing presently gradually the distance, it is found that the bones cast a 
shadow, while the flesh leaves no impression. The distance still increased, the shadow of 
the flesh appears, while that of the bones grows deeper, and in this neighborhood a place 
can be found at which the definition of !he shadow is dearest. If the distance is still 
further continually increased, the detail is lost, and finally only a vague shadow is 
perceptible, showing apparently the outlines of the hand. 

This often-noted fact disagrees entirely with any theory of transverse vibrations, but 
can be easily explained on the assumption of material streams. When the hand is near 
and the velocity of the stream of particles very great, both bone and flesh are easily 
penetrated, and the effect due to the difference in the ret;trdation of the particles passing 
through the heterogeneous parts can not be observed. The screen can fluoresce only up 
to a certain limited intensity, and the film can be affected only to a certai:~ small 
degree. When the distance is increased, or, what is equivalent, when the intensity of 
the radiation is reduced, the more resisting bones begin to throw· the shadow first. Upon 
a further increase of the distance the flesh begins likewise to stop enough of the 
particles .to leave a trace on the screen. But in all cases, at a certain distance, manifestly 
that which under the conditions of the experiment gives the greatest difference in the 
trajectories of the particl'es within the 1·tmge perceptible 1)11 the screm or film, the clearest 
shadow is secured. 

• IV - THE RAYS ARE ALL OF ONE KIND 

The preceding explains the apparent existence of rays of different kind; that is, 
of different rates of vibration, as it is asserted. In my opinion, the velocity and possibly 
the size of the particles both arc different, and this fully' accounts for the discordant 
results obtained -in regard to the transparency of various bodies to these rays. I found, 
for example, in many cases that aluminum was less transparent than glass, and in some 
instances brass appeared to be very transparent as compared with other metallic bodies. 
Such observations showed that it was necessary, in making the comparison, to take 
rigorously equal thicknesses of the bodies and place them as .closely together as possible:. 
They also showed the fallacy of comparing results obtained with different bulbs. 

V - ACTION ON THE FILMS 

M:~ny experiments with films of different thicknesses show that dccidcdlr. more 
detail is obtainable with a thick film than with a thin one. This appears to me to be 
a further evidence in support of the above :views, as the result can be easily explained 
when considering the preceding remarks. 

VI- THE BEHAVIOR OF VARIOUS BODIES IN REFLECTING THE RAYS, 

on which I have previously dwelt, will, if verified by other experimenters, leave no 
room for a doubt that the radiations ·are streams of some matter, or possibly of ether, 
as before observed. · 
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VII - THE ENTIRE ABSENCE OF REFRACTION 

and other features possessed by the light waves has, since Roentgen's announcement, not 
yet been satisfactorily explained. A trace at least of such an effect would be found if the 
rays were transverse vibrations. 

VIII - THE DISCHARGE OF CONDUCTORS 

by the rays shows, in so far as I have been able to follow the researches of others, that 
the electrical cha,.rge is taken off by the bodily carriers. It is also found that the opacity 
plays an important part, ~d the observations are mostly in accord with the above views. 

IX - THE SOURCE OF THE RAYS 

is, I find, always the place of the first impact of the cathodic stream, a second impact 
producing little or no rays. This fact would be difficult to account for unless stream> 
of matter are assumed to exist. 

X- SHADOWS JN SPACE OUTSIDE Of THE BULB 

An almost crucial test of the existence of material strean1s is afforded by the 
formation of shadows in space at a distance from the bulb, to which I have called attention 
quite recently. I will presently refer to my preceding communication on this subject, 
and will only point out that such shadows could not be formed under the condit.ions 
described, except by streams of matter. 

XI - ALL BODIES ARE TRANSPARENT TO VERY STRONG RAYS 

Experiments establish this fact beyond any doubt. With very intense radiations, 
I obtain, easily, impressions through what may be considered a great thickness of any 
metal. It is impossible to explain this on any theory of transverse vibrations. We can 
show how one or other body might :11low the rays to pass through, but sud1 explanations 
are not applicable to all bodies without exception. On the contrary, assuming material 
streams,. such a result is unavoidable. 

A great many other observations and facts might be added to the above, as further 
evidence in support of the above views. I have noted certain peculiarities of bodies 
obstructing a cathodic stream within the bulb. I have observed that the same rays are 
produced at all degrees of exhaustion and using bodies of vastly different physical 
properties, and have found a number of features in regard to the pressure, the vacuum, 
the residual gas, the· material of the electrode, etc., all of which observations are more 
or less in accord with what I ha,;e stated before. I hope, l:lowever, that there is enough 
in the present lines to enlist the attention of others. 
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ON THE ROENTGEN STREAMS. • 

• 

• 

The following lines may contain some useful information for physicists and 
physicians. Those who, in the exercise of therr professional duties arc applying the 
discoveries of Roentgen to the relief of the suffering by determining the position of 
foreign objects or ascertaining the condition of local troubles of malformations in the 
organism, are apt to be disappointed in m~ny instances. While it is perfectly easy to find 
the position of a foreign object in the head, neck and all soft tissues of the body, and 
detect some far gone trouble in the lungs, often the location of even- such a large 
and opaque object as a bullet, when imbedded in certain bony parts of the trunk of 
the patient, may· be attended with difficulties. Success will be invariably attained if 
the suggestions which are given below, and whid1 are the outcome of a number of 
observations of such cases, are strictly followed. 

In order to make the present statements self-contained and more useful, I deem it 
of advantage to say a fe~ words in regard to the Roentgen rays. According to all 
evidences so far obtained by me, I entertain the view, which I have expressed on other 
occasions, that these rays are formed by streams of some matter projected with great 
velocity, and generally intermittently, from the walls of t.l-te tube. The intermittent 
dlaracter is only due to this feature of the apparatus usually employed for the production 
of the rays; but the oscillatory or intermittent disdlarge is not absolutely necessary, as 
I have produced unidirection:tl currents of high tension which arc likewise capable of 
generating strong rays, and as a· static madline may be used with a like result. The 
mode of forniation of these rays or streams is, for the present purposes, of little 
importance. The small particles within the bulb, which are the original c:tusc, may be 
ions, formed by a process of electrolysis, or they may be comparatively Iar_!!er particles 
of the electrode, or perhaps molecules of the residual ,gas. At an)' rate, it is probable tha! 
the particles arc very minute, and that, therefore, the velocities of the cathodic streams 
within the vessel are sudl and the impacts so violent as to cause a further disintegr:1tion 
of the cathodic matter to state probably never before studied by physicists. \XIe tna)' 
have to deal, as I have already suggested, with an actual breaking up of the ether
vortexes, which, accord ing to Lord Kelvin's theory, compose the material particles, or we 
may be confronted with a dissolution of matter into some unknown primary form, the 
Akasa of the old Vedas. Experiments show that this matter is reflected, sometimes very 
well, sometimes poorly; but in all cases the various metals behave in a curious manner, 
whidl I have studied, and the results obtained, though probably not free of error, because 
of the great difficulties in getting an exact estimate in such . an investigation, were, 
nevertheless, sufficiently positive as to lead me 'to the conviction that the same ·medium 
or element which is concerned in the setting up of the electro motive tension between 
metals in contact is present in the streams of Roentgen. It might have been proper 
to say; ·in the spirit of more modern views on contact electricity, that th~se streams 

• Electrical Review, December 1, I 896. 
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are formed by ether, but I have preferred to use the term "primary matter," for, 
although the expression' "ether" conveys a perfectly definite idea to the scientific mind, 
there exists, nevertheless, much vagueness as to the structure of this medimn. 'fhe mattez 
projected is not revealed by spectral analysis, and it c!oes not seem to produce any 
appreciable mechanical nor even heating effects, nor is it · deflected by a maJ:net, all 
of which facts tend to show th~t it c~n not be composed of molecules of any known 
substance. The streams exercise a powerful action upon a photographic plate or 
fluorescent screen, but I look upon these results as obvious consequences of the 
energetic impact. · 
. Of the various more or less plausible views in regard to the formation of these 
streams outside of the vessel, the simplest, to my mind, is to assume an actual projection 
through the walls of the bulb of the disintegrated cathodic matter. Granted that there 
are particles sufficiently small within the bulb, then all velocities, up to many thousands 
of kilometers per second, are not only possible, but als:> probable; and, even tf the 
particles would not be further disinte~rated by the impact a.gainst the wall or other 
comparatively opaque body within the bulb, they surely would penetrate through great 
thicknesses of moot substances. My experiments in this direction have shown that all 
the disintegration is practically accomplished in the first impact against the more or 
less impenetrable obstacle within the bulb, the second impact having seemingly little 
effect, as might be inferred from well established mechanical principles. I have also 
found that the place of first and most energetic impact, be it the anode, cathode or 
wall of the vessel, . is invariably the principal source of the rays or streams. ~gain, 
quite in accordance with mechanical principles, the penetrative power of the streams 
is the greater the more complete the disintegration. Thus, for instance, rays which have 
traversed thick opaque objects, and are presumably further disinte.r,rated, pass more 
freely through dense substances. An observation to this effect has likewise been made 
by Professor Wright, who was the first to publish definite results in the United States. 
I find that bulbs with thick walls give rays of greater penetrating power. It should be, 
of course, understood that I do not mean by this a greater outward effect. It is 
principally the above fact which makes it appear more probable that the matter projected 
is not a homogeneous stream, but consists of particles of varied magnitude moving 
with different velocities, for, were the former the case, the penetrative power would 
depend Chiefly on the velocity. In the practical use of the Roentgen streams it would, 
therefore, seem very importan·t to find a method of filtering and renderin,g them 
homor.enrous, for only by such a method can we hope to obtain exact results in · their 
investigation. Streams of perfectly uniform velocity and char:tctcr, i ( produced , woul:l 
no doubt be more suitable for the purposes of research. 

Since the disintegration of the electrodes, especially if they arc of aluminum, is 
so slow that no appreciable diminution of the weight results even after long use; it 
follows that the matter conveyed by the Roentgen streams. is so minute as to escape 
detection. Some bulbs, which I have used for a number of months, showed that the 
bombarded spot of the glass was entirely permeated with particles of the alun1inum 
electrode, but it would probably require years of constant use to accumulate ariy 
appreciable amount of matter outside. Referring to a tube · with an electrode of 
"\lmninum, it is a noteworthy fact that, if properly managed, it does not impair in 
quality, but, on the contrary, seems to improve; whereas, when a platinum electrode 
is used, the life of the bulb is very short, owing to the conductor being deposited 
on the walls, which deposit, as I have explained on another occasion, renders d ifficult 
the passage of the discharge. Namely, as soon as some of the projected particles strike 
the conducting layer, they impart a similar electrification to the latter, and a repulsion is 
exerted upon the particles following. The res·uJt is an apparent increase in the resistance 
of the tube. The above defect of the platinum electrode, despite of its e ffccti ,•cncss, must, 
in my opinion, lead to its abandonment. 
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. 
It bas been suggested that the Roentgen rays m:ty be due simply to a propag:~tion 

of electro-static stress; but; on this assumption, it is difficult to conceive how rays could 
be produced in instances when the glass wall is at a high temperature and conse<juently · 
conducting, or when the impact plate or inclosure is of metal and connected to the 
ground. Stokes has recently considered the possibi lity that the impact of the cathodic 
stream on one side of a partition might give rise to a molecular motion on the other 
side without necessarily there being a transit through the partition. According to this 
vtew, wbicb I have likewise considered some time ago, it would appear that the 
material streams might start on the outer side of the wall of the tube, in which case 
only the air would be responsible for the effects, and the futility of a spectral analysis 
test would be in a certain measure accounted for. But is it not more probable to assume 
an actual passage and shattering of matter as all evidences point in this direction? 
Assuming that, as Professor Stokes now thinks it probable, the disturbance is non
periodic and still capable of producing effects characteristic of transverse vibrations 
of extremely high frequency, it seems to me a serious question whether, the oiJ 
Newtonian views on light should not be reconsidered rather than the conclusion drawn 
that the no,·el manifestations observed by Roentgen ~re due to transverse vibrations, 
when there is no experimental evidence to this effect, nor even a satisfactory explanation 
found how the cathodic impact might give rise to waves of a higher fre<juency than 
those of light. 

Being, as I am, firmly convinced of the existence of material streams, I look upon 
the unsuccess of the attempts of demonstrating an actual transit of matter as being 
due to ·either the minuteness of the amount or else to the state of the matter, but 
rather, to. the former cause, as all peculiarities of the streams point in this direction. 
In my opinion, no experimenter need be deterred from carrying on an investigation of 
the Roentgen rays for fear of poisonous or generally deleterious action, for it seems 
reasonable to conclude that it would take centuries to accumulate enough of such matter 
as to interfere seriously with the process of life of a pers!)n. But I look confidently to 
the demopstration of actions of a purely qualitative nature. For instance, despite of 
the danger of such an assertion by encouragement which might be given to quacks 
I would say that I expect with the utmost confidence the demonstration of a germicidal 
action. In addition to the physiologica.l effects, to which I have early drawn :lltention, 
I have more recently observed with powerful tubes that a sensation of pain is · produced 
in the forehead above the eyes just as soon as· the current is turned on. This sensation 
is very similar to that one fre<juently experiences when stepping from a dark room 
into the glare of bright sunlight, or when walking for some time over fields of fresh
fallen snow. 

As to the hurtful actions on the skin, which have been variously reported, I note 
that they are misinterpreted. These effects have been known to me for some time, but 
I have been unable, on account of pressing matters, to dwell on the subject. They are 
not due to the Roentgen rays, but merely to the ozone generated in contact with th~ 
skin. Nitrous acid may also be responsible, to a small extent. The ozone, when 
abundantly produced, att:tcks the skin and many organic substances most energetically, 
the action being no doubt heightened by the heat and moisture of the skin. After 
exposiog the hand, for instance, for some time, the skin loses its elasticity, which 
causes a tension and pain, and subsequently an inflammation and blistering. This occurs 
mostly only at short range, but may be produced by a single terminal bulb, or generally 
by a very highly exhausted bulb, in which the terminals act independently, at greater 
distance. Owing to this, I have always taken the precaution, when getting impressions 
with the rays, to guard the person by a screen made of aluminum wires which is 
connected to the ground, pre£ crably through a condenser. The radical means, however, 
of preventing such actions is to make impossible the access of the air to the skin 
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while exposing, as, for _instance, by immersing in oil. As this would be inconvenient 
in most cases, a metallic screen should be resorted to. The action of the ozone on 
some substances, when placed ne:~r the bulb in such a way that the gas is generated on 
their surfaces, is so power£ ul that the substances are practically destroyed in a few 
minutes. When a wire heavily insulated with rubber is connected to the terminal of 
a high-frequency coil, sometimes an exposure of barely a minute is sufficient to 
completely wreck the rubber insulation. There are certain commercial insulating 
compounds which are even more quickly destroyed, but which I will not enumerate. 
because of a possible disadvantage to the manufacturers. Gutta-percha, beeswax and 
paraffine stand the attack very well, and such wires should be used with high-frequency 
coils. This powerful action of the ozone was observed by me first about two years 
ago, when perforr:ning an experiment which was shown to many persons in my laboratory. 
The experiment consisted of charging a person, standing on an insulated stand, with a 
potential approximating one and one-half million volts, which was alternated severai 
hundred thousand times a second. Under such conditions luminous streams break out 
on all parts of the body, especially abundantly on the feet, hands, hair, nose and ears. 
I subjected myself a number of times to this experiment, which seemed to offer no 
other danger except the possible rupture of a blood vessel, if the skin was very dry 
and non·conducting. I then noted on myself and others after effects resembling much 
those attributed to the Roentgen rays. With currents produced by perfected electrical 
oscilbtors, such as were described in the Electrical Review, September 30, 1896, the 
production of the ozone is so abundant that it is sufficient to merely turn on the current 
for a few seconds and ozonize strongly the atmosphere of a large hall. These currents 
arc also capable of bringing about chemical combinations, of which the chief is that 
of the nitrogen with the oxygen of the atmosphere, and an immense possibility, which 
I ha,•e been following up for a long time, is opened up; namely, the combination of the 
nitrogen of the atmosphere on an industrial scale by practically no other means than 
mechanical power. If merely fertilizers of the soil would be manufactured in this 
m:~nner, the benefits to humanity derived therefrom would be incalculable. From the 
above named action of the ozone, it follows that the experimenter should use th'e 
indicated precaution, for while ozone in small quantities is a most beneficial disinfectant, 
when generated in ,large quantities it is not free of danger. 

It is an unpleasant duty to say on this occasion a few words on the subject of 
"making the blind see" by means of the Roentgen rays. This sensational topic has been 
given a wide circulation in the journals. Is it not cruel to raise such hopes when there 
is so !ittle ground for it? For, first of all, the rays are not demonstrated to be 
transverse vibrations. If they were, we would have to find means for refracting them 
to make possible the projection of a sufficiently small image upon the retina. As it is, 
only a shadow of a very small object can be projected. What possible good can result 
from the application of these rays to such purposes? The shape of the small object might 
eventually be' recognized by impressing the retina, but the sense of touch 
is more than sufficient to convey such impressions. Luminous sensations are well known 
to be excited in two ways; namely, by mechanical shock and electrical transmission. Both 
of these, I think, are present in the Roentgen streams, and hence such an effect on the 
optic nerve might be expected. I may say, however, that I can not confirm some of the 
experiments reported. For instance, when a hand is put before the closed eyes it is easy 
to distinguish the shadow, much the same as before the light of a candle; but when 
the tube is closed, and all light from the same excluded, I fail to get such an impression. 
The latter is, therefore, chiefly due to erdinary light, or else my tubes act differently 
from those experimented with by others. It may be proper to recall here that in ordinary 
bright sunlight, especially in the southern climates, it is easy to distinguish the shadow 
of objects, and even their rough outlines, with the eyes shut. 
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Proceeding on the assumption that we have in reality to deal with material streams, 
it .is i!llportant to inquire "which are the best conditions to be maintained when taking 
impressions with the sensitive screen or plate. First, the experimenter will easily observe 
that there are two causes which, with a given bulb and coil, tend to increase the 
intensity t>f the impressions. One of these may be said to lie in the bulb, the other in 
the coil. The latter, being most generally made of many turns of fine wire, is very 
sensitive to changes in the capacity of bodies attached to its terminals. The capacity of 
these bodies, therefore, in such a coil largely determines the difference of potential. 
:At a certain degree of exhaustion this capacity assumes such a value that the pressure 
rises to a maximum, this tending to give the highest velocity to the cathodic stream, 
and, consequently, to give rise to the most intense rays. But at that degree of exhaustion 
it may happen, and usu:tlly does happen, that the cathodic streams are not most 
abundant. To produce the best result it is necessary that both of these causes should 
be made to cooperate by a careful proportioning of the dimensions of the bulb, which, 
in practice, is very difficult, inasmuch as the -experimenter has to avail himself 
of commercial bulbs which may or may not be best suitable for his coil. This simple 
consideration shows the great advantage of the use of a coil which contains no fine 
:wire and is capable of giving a heavy current through the secondary far in excess of 
what even the largest bulb requires. 

Assuming the physician has learned how to manipulate his apparatus to best 
advantage, he will next notice that, to secure the clearest definition, he will have to 
maintain a certain pressure on the terminals of the tube, dependent chiefly on the 
distance and degree of opacity of the object investigated. It goes without saying that 
the definition is the better the smaller the spot from which the rays are emanating, 
but this is true only when impressions are taken at very small distances. \lVhen the 
distances arc large. it is a disadvantage to use a too small rad iating surface, as then the 
density is diminished to such a degree that the action is too weak. Discarding this 
consideration, it is clear that, if the rays are intense, the more opaque portions of the 
body are likewise penetrated and much detail is lost, whereas, when the rays are Jess 
intense, the impression might be altogether too weak to bring out sufficient detail. 

To illustrate in a popular manner the best way to proceed, I shall avail myself of 
a simple illustration. Suppose that there would be imbedded between two panels ot 
cloth a foreig,n object, such as a coin, :tnd it is desired to locate it. We may accomplish 
this by placing behind the cloth a cardboard, for instanc-:, and then firing from a certain 
distance a load of fine shot through the cloth in the region where the coin is supposed 
to be located. The shot will penetrate the doth on all points except on the place where 
the coin is located, and on the cardbo:ud behind, this place will be plainly indicated 
by the absence of the marks. l!xactly in this way we proceed in applying the Roentgen 
rays to the location of such a bo<ly. Roentgen gave us a gun to fire-- a wonderful gun, 
indeed, projectin,g missiles of a thotlS1ndfold greater penetrative power than that of 
a cannon ball, and carrying them probably t:J distances of many miles, with velocities 
not producible in any other way we know of. These mi~silcs are so small that we may 
fire them through our tissues for days, weeks, months and years, apparently, without 
any hurtful consequence. Instead of the cardboard to indicate the path of the missiles, 
he gave us what is properly called a Roentgen screen, which becomes luminous on all 
places where it is hit by the missiles. Where the latter are prevented from hitting the 
screen by the intervention of the opaque body, the screen does not glow and we observe 
the shadow of the object. It is simple enough to project the shadow of an object in 
this way but when it is reguired to show the finer detail of the stnJCturc of ~he object, 
the difficulty begins. It will at once appear that, to produce such a result to best 
advantage, two conditions will hnve to be more or less realized. Firstly, the screen 
should be composed of such material that it is capable of becoming luminous by the 
faintest impact; and, secondly, the missiles should all be of uniform size, and should 

• 
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move with uniform velocity. Neither of these two conditions has so far been realized 
in practice, for all the bodies we know require a violent impact to become luminous, 
and no way has been found as yet to produce a uniformity in velocity and magnitude 
of the supposed projectiles. But a little thought leads immediately to the conclusion 
that there will be a certain velocity of the missiles whic·h wi ll g ive, under all conditions. 
the best definition. This veloci ty is easi ly ascertained by trial. Evidently the definition 
will be best when the bullets which pass through the densest parts of the body strike 
the screen so feebly as to not make it light up, whereas, those passing through portions 
of slightly smaller density hit it sufficiently strong as to make it light up feebly. The 
more sensitive the screen to impact, that is, the weaker an impact is required to make 
the screen light up, the more detail will be revealed. It therefore follows that, in the 
application of the Roentgen rays, not the body which fluoresces strongest, but the one 
which is most sensitive, is l:iest suited for finer work. 

The above considerations have _led me to adopt the following procedure, . whid1, 
in practice, has proved very successful. The Roentgen screen is first applied to the 
body to be investigated, the pressure at the terminals of the tube being very much 
reduced, The pressure is then slowly and gradually raised. It will be presently observed 
that, at a certain pressure, the shadow of the object examined is clearest. But as the 
vacuum is increasing, the pressure generally rises, and the image gets blurred in spite 
of the screen getting mum brighter. Just as soon as the clearness is slightly diminished, 
the experimenter should for a few moments reverse the current, lowering a little .the 
vacuum in this manner. The current being again given the direction it had at first, 
namely, that whim causes a slow and steady increase of the vacuum, the shadow gets' 
again clear, and by such easy manipulation the best result may be secured. An additional 
advantage, however, is gained, because the frequent reversals produce a brighter 
phosphorescence of the screen. When taking a photograph, the bulb should be watmcd 
through the screen and the switches manipulated in the above manner. ' 

To give a practical example of the effectiveness of this procedure, I need only 
mention one of the instances which have come to my notice. A few months ago 
I investigated the case of Me Cornelius Mack, of \'<l:ltertown, Mass. Mr. Mack, 
while performing his duties many years ago, was struck by a bullet whid1 lodged' 
somewhere in the mest and could not be located. I apply the screen vainly a number 
of times for although the streams penetrated the body with such ease as to make the 
screen behind appear bluish white, and reveal all the bones of the body, I could not 
observe the missile. I then resorted to the above indicated means, and immediatclr 
and easily the exact location of the projecti le, between the shoulder blade and ont: 
of the ribs, was ascertained and the bullet successfully extracted. 



13 

ON THE HURTFUL ACTIONS OF LENARD AND ROENTGEN TUBES• 

The rapidly extending use o1 the Lenard and Roentgen .tubes or CCookes bulbs 
as implements of the physician, or as instruments of research in laboratories, makes it 
desirable, particularly ·in view of the .possibility of certain hurtful actions on the human 
tissues, to investigate the nature of these influences, to ascertain the conditions under 
which they are liable to occur and - what is most important for the practitioner -
to render all injury impossible by the observance of certain rules and the employment 
of unfailing remedies. 

As I have stated in a previous communication (see Electrical Review of December 
2, 1896) no experimenter need ·be deterred from using freely the Roentgen rays for fear 
of a poisonous or deleterious action, and it is ·entirely wrong to give room to expressions 
of a kind such as may tend to impede the progress and create a prejudice ag:linst an 
already highly beneficial and still more promising discovery; but it can not be ·denied 
that it is. equally uncommendable to ignore dangers now when we know that, under 
certain circumstances, they actually exist. I coosider it the more necessary to be aware 
of these dangers, as I foresee the coming into general use of novel apparatus, capable 

. of developing · rays of incomparably greater power. In scientific laboratories tl1e 
instruments are usually .in the hands of persons skilled in their manipulation 
and capable of approximately estimating · the magnitUde of the effects, and th·e 
omission of necessary precautions is, in the present state of our knowledge, not 
so much to be apprehended; but the physicians, who are keenly appreciating the 
immense benefits derived from the proper application of the new principle, and .the 
numerous amateurs who are fasciqated by the beauty of the novel manifestations, who 
are all passionately bent upon experimentation in the newly opened up fields, but many 
of whom are naturally not armed with the special knowledge of th·e electrician - all 
of these are much in need of reliable information from experts, and for these chiefly the 
following lines are written. However, in view of the still incomplete knowledge of these 
rays, I wish the statements which follow to be considered as devoid of authorit:J.tivencss, 
other than that which is based on the conscientiousness of my study and the faith in the 
precision of my senses and observations. 

Ever since ·Professor Roentgen's discovery was made known I have carried on 
investigations in the directions indicated by him, and with perfected apparatus, producing 
rays of much greater intensity than it was possible to obtain with the usual appliances. 
Commonly, my bulbs were capable of showing the shadow of a hand on a phosphorescent 
screen at distances of 40 or 50 feet, or even more, and to the actions of these bulbs 
myself and several of my assistants were exposed for hours at a time, and although the 
exposures took place every day, not the faintest hurtful action was noted - as long 
as certain preciutions were taken. On the contrary, be it a coincidence, or an effect 
of the rays, or the result of some secondary cause present in the operation of the bulbs -

. 
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as, for example, the ge~eration of ozone :_ my own health, and that of two persons 
who were daily under the influence of the rays, more or less, has materially improved, 
and, whatever be the reason, it is a fact that a troublesome cough with which I was 
constantly afflicted has entirely disappeared, a s~milar improvement being observed on 
another person. · . 

In· getting the-photographic impressioos or studying the rays with a phosphorescent 
screen, I employed a plate of thin aluminum sheet or a gauze of aluminum wires, which 
was interposed between the bulb and the person, and connected to the ground directly 
or through a condenser. I adopted this precaution because it was known to me, a long 
time befwe, that a certain irritation of the skin is caused by very strong streamers, which, 
mostly at small distance, are formed on the body of a person through the electrostatic 
influence of a terminal of alternating high potential. I found that the occurrence of these 
streamers and their hurtful consequence was completely prevented by the employment 
of a conducting object, as a sheet of wire gauze placed and connected as described. 
It was observed, however, that the injurious effects mentioned did not seem to diminis.h 
gradually with the distance from the terminal, but ceased abruptly, and I could give no 
other explanation for the irritation of the skin which would be as plausible as that 
which I have expressed; namely, that the effect was due to ozone, which was abundantly 
produced. The latter peculiarity mentioned was also in agreement with this view, since 
the generation of ozone ceases abruptly at a definite distance from the terminal, making 
it evident that a certain intensity of action is absolutely required, as in a process of 
electrolytic decomposition. 

In carrying further my investigations, I gradually modified the apparatus in several 
ways, and immediately I had opportunities to observe hurtful influences. following 
the exposures. Inquiring now what changes I had introduced, I found that I had made 
three departures from the plan origimlly followed; First, the aluminum screen was not 
used; second, a bulb was employed which, instead of aluminum, contained platinum, 
either as electro:le or impact plate; and th ird, the distances at which the exposures. took 
place were s'!laller than usual. 

It did not require a long time to ascertain that the interposed aluminum sheet was 
a very effective remedy against injury, for a hand could be exposed for a long time 
behind it without the skin being reddened, which otherwise invariably and very· quickly 
occurred. This fact impressed me with the conviction tha~. whatever the nature of the 
hurtful influences, it was in a large measure dependent either on ·an electrostatic action, 
or electrification, or secondary effects resulting therefrom, such as are attendant to the 
formation of streamers. This view afforded an explanation why an observer could watch 
a bulb for any length of time, as long as he was holding the hand in front of the body, 
as in examining with a fluorescent screen, with perfect immunity to all parts of his. body, 
with the exception of the hand. It likewise explained why burns were produced in some 
instances on the opposite side of the body, adjacent to the pqotographic plate, whereas 
portions on the directly exposed part of the body, which were much nearer to the 
bulb, and consequently subjected to by far stronger rays, remained unaffected. It also 
made it easy to understand why the patient experienced a prickling sensation on the 
exposed part of the body whenever an injurious action took place. Finally, this view agreed 
with the numerous observations that the hurtful actions occurred when air wai . present, 
clothing, however thick, affording no protection, while they practically ceased when a 
layer of a fluid, quite easily penetrated by the rays, but excluding all contact of the 

. air with the skin, was used as a preNeutive. ' 
Following, now, the second J.ine of investigation, I compared bulbs containing 

aluminum only with those i'n which platinwn was used besides, ordinarily as impact. 
body, and soon there were enough evidences on hand to dispel all doubt as to the 
latter metal being by far the more injurious. In support of this statement, one of the 
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experiences may be cited .which, at the same time, may illustrate the necessity - of 
taking proper precautions when operating bulbs of very high power. In order to carry 
out comparative tests, two tubes were constructed of an improved Lenard pattern, in 
size and most other respects alike. Both contained a concave cathode or reflector of 
nearly two inches in diameter, and both were provided with an aluminum cap or 
window. In one of the tubes the cathodic focus was. made to coincide with the center 
of the cap, in the other the cathodic stream was concentrated upon a platinum wire 
supported on a glass stem axially with the tube a little in front of the window, and 
in each case the metal of the latter was thinned down· in the central portion to such 
an extent as to be barely able to withstand the inward air pressure. In studying the 
action of the tubes, I exposed one hand to that containing aluminum only, and the 
other to the tube with the platinum wire. On turning on the former tube, I was 
surprised to observe that the aluminum window emitted a clear note, corresponding 
to the rhythmical impact of the cathodic stream. Placing the hand quite near the window, 
I felt distinctly that something warm was striking it. The sensation was unmistakable; 
and, quite apart from the warmth felt, differed very much from that prickling feeling 
produced by streamers or minute sparks. Next I examined the tube with the platinum wire. 
No sound was emitted by the aluminum window, all the energy of the impact being 
seemingly spent on the platinum wire; which bealme incandescent, or else the matter 
composing the cathodic stream was so far disintegrated that the thin metal sheet offered 
no material obstruction to its passage. ·If big lumps arc hurled against a wire netting 
with large meshes, there is considerable pressure exerted against the netting; if, on the 
contrary - for illustration - the lumps a.re very small as compared with the meshes, 
the pressure might not be manifest. But, although the window did not vibrate, I felt, 
nevertheless, again, and distinctly, that something was impinging against the hand, 
and the sensation of warmth was stronger than in the previous case. In the :tction on 
the screen there was apparently no difference between the. two tubes, both rendering it 
very bright, and the definition of the ·shadows was the same, as far as it was possible 
to judge. I had looked th.rough the screen at the second tube a few times. only when 
something detracted my attention, and it was. not until about 20 minutes later, when 
I observed that the hand exposed to it was much reddened and swollen. Thinking that 
it was due to some accidental in jury, I turned again to the examination of the platimun 
tube, thrusting the same hand close to the window, and now I felt instantly a 
sensation of pain, which became more pronounced when the hand was placed repeatedly 
near the aluminum window. A peculiar feature was that the pain appeared to be sealed. 
not at the surface, but deep in the tissues of the hand, or rather in the: bones. Although 
the aggregate exposure was certainly not more than half a minute, I h:td. to suffer severe 
pain for a few days :tfterward, and some time later I observed that all the hair was 
destroyed and that the nails on the injured hand had grown anew. 

The bulb conta ining no platinum was now experimented with, more care being 
taken, but soon its comparative harmlessness was manifest, for, while it reddened the 
skin, the injury was not nearly as severe as with the other tube. The valuable experiences 
thus gained were: The evidence of something hot striking the exposed member; the 
pain imtttntly felt; the injury produced immedit1te/y after the exposure, and the increased 
violence. due, in all probability,. to the presence of the platinum. 

Some time afterward I observed other remarkable actions .at very small distances 
from powerful Lenard tubes. For instance, the hand being held near the window only fur 
a few seconds, the skin seems to become tight, or else the muscles are stiffened, for 
some resistance is experienced in dosing the fist, but upon opening and dosing it 
repeatedly the sensation disappears, apparently no ill effect remaining. I ha\•e, 
furthermore, observed a decided influence on the nasal discharge organs similar to 
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the effects of .a cpld just .contracted. But the most interesting observation in this respect 
is the following: When sud1 a powerful bulb is watched for some time, the head of the 
.observer being brought very close, he soon after that experiences a sensation so peculiar 
that no one will fai l to notice it when once his attention is called to it, it bcin,e almost 
as positive as touch. If one imag ines himself looking at something like 1 cartridge, for 
instance, in close and dangerous proximity, and just about to explode, he wi ll ;;ct a good 
idea of the smsation produced, only, in the case of the cartridge, one can not render 
himself an account where the feeling exactly resides, fer it seems to extend all over the 
bo.dy, this indicati~g that it comes from a general awareness of danger result ing from 
previous and manifold experiences, and not from the anticipation o f an unpleasant 
impression directly upon one of the organs, as the eye or the ear; but, in th~ case 

. of the Lenard bulb, one can at once, and with precision, locate the sensation; it is in 
the head. Now, this observation might not be of any value except, perhaps, in view of 
tlie peruliarity and acuteness of the feeling, were it not that exactly the same sensation 
is produced when working for some time with a noisy spark gap, or, in general, when 
.e_xposing the ear to sharp noises or explosions. Since it seems impos.sible to imagine how 

' t,he.'Jattor could cause sud1 a sensation in any other way except by directly impressing 
·the organs of hearing, I conclude that a Roentgen. or Lenard tube, working in perfect 
·silence as .it may, nevertheless produces. violent explosions or reports and concussions, 
whidt, tl~ough they arc inaudible, take some material effect upon the bony struchue 
: ~f the . head. Their inaudibility may be sufficiently explaine<i by the well founded 
· assumption that not the air, but some f iner medium, is concerned in their propagation. 
... But it was in following up the third line of inquiry into the nature of these hurtful 

actions, namely, in studying the influence of distance, that the most important fact was 
unearthed. To illustrate it popularly, I will say that the Roentgen tube acts exactly like 
a source of intense heat. If one places the hand ncar to a red-hot stove, he may be 
instantly inj~red. If he' keeps the hand at a certain small distance, he may be able to 
wi.thstand the rays for a few minutes or more, and may still be injured by prolc-nged 
.exposure; but if he recedes only a little farther, where the heat is slightly less, he m~y 
withstand the heat in comfort and any length of time ~ithout receiving any in jury, the 
radiations at that distance being too weak to seriously interfere with the life process 
of. the skin. This is absolutely the way such a bulb acts. Beyond a certain d istance no 
hurtful effect whatever is produced on the skin, no matter how lollg the exposure. The 
cluracter of the burns is also S\tch as might be expected from a source of hi;.:h heat. 
I have main tained, in all deference to the opinions of c·thers, that those who have likened 
the effects on the skin and tissues to sunburns have misinterpreted them. There is !10 

similarity in this respect, except in so far as the reddening and peeling of the skin is 
concerned, which may result from innumerable causes. The burns, when sl ight, rather 
resemble those people often receive when working close to a strong fire. B1;t when the 
injury is severe, it is in all appearances ,like that received from cont:ict with fi re or 
from a red-hot iron. There may be no period of incnbation at all, as is evide11t f rom 
the foregoing remarks, the rays taking effect immediately, not to say instantly. In a 
severe case the skin gets deeply colored and blackened in places, and ugly, ill -foreboding 
blisters form; thick layers come off, exposing the raw flesh, which, for a time, 
disdtargcs freely. Burning pain, feverishness and such symptoms are of course bu~ 
natural accompaniments. One sing le injury o f this kind, in the abdominal rc,e ion, to 1 dc:1r 
and zealous assistant - - the only accident that ever happened to any one but myself in 
all my laboratory experience - I had the misfortune to witness. It occurred hcfore 
all these and other experiences were ,gained, following directly an exposure of five 
minutes at the fairly safe d istance of 11 inches to a very high ly-charged pbtinum tube, 
the protecting aluminum screen havin,g been infortunately omitted, anc! it was such 
as to fill me wit~1 the gravest apprehensions. Fortunately, frequent warm baths, free 

1(,, Nikob 'l'c.:sla 



application of vaseline, <;leaning and general bodily care soon repaired the rav:~ges of 
the destructive agent, and I breathed r.gain freely. Had I known more than I did of 
these injurious actions, such ·unfortunate exposure would not have been made; haci 
I known less than I did, it might have been made at a smaller distance, and a serious, 
perhaps irremediable, injury might have resulted. 

I am using the first opportunity to comply with the bitter duty of recording the 
accident. I hope that others will do likewise, so that the most complete knowledge of 
these dangerous actions may soon be acquired. My apprehensions led me to consider, with 
keener interest than I would have felt otherwise, what the probabilities were in such a 
case of the internal tissues being seriously injured. I came to the very comforting 
conclusion that, no matter what' the rays are ultimately recognized to be, practically all 
their destructive energy must spend itself on the surface of the body, the internal 
tissues being, in all probability, safe, unless the bulb would be placed in very close 
proximity to the skin, or else, that rays of far greater intensity than now producible 
were generated. There are many reasons why this should be so, some of which will appear 
clear from my foregoing statements referring to the nature of the hurtful agencies, but 
I may be able to cite new facts in support of this view. A significant feature of the 
case reported may be mentioned. It was observed that on three pl:tces, which were 
covered by thick bone buttons, the skin was entirely unaffected, while it was entirely 
destroyed under each of the small holes in the buttons. Now, it was impossible for the 
rays, as investigation showed, to reach these points of the skin in straight lines drawn 
from the bulb, and this would seem to indicate that not all the injury was due to the 
rays or radiations under consideration, which unmistakably propagate in straight lines, 
but that; at least in part, concomitant causes were responsible. A further experimental 
demonstration of this fact may be obtained in the following manner: The experimenter 
may excite a bulb to a suitable and rather small degree, so as to illuminate the fluorescent 
screen to a certain intensity at a distance of, say, seven inches. He may expose his hand 
at that distance, . and the skin will be reddened after a certain duration of exposure. 
He may•now force the bulb up to a much higher power, until, at a distance of 14 inches, 
the screen is illuminated even stronger than it was before at half that distance. The 
rays are now evidently stronger at the greater distance, and yet he may expose the hand 
a very long time, and it is safe to ~sect that he will not be injured. Of course, it is 
possible to bring forth arguments which might deprive the above demonstration of 
force. So, it might be stated, that the actions on the screen or photographic plate do 
not give us an idea as to the density and other quantitative featUres of the rays, these 
actions being entirely of a qualitative character. Suppose the rays are formed by streams 
of material particles, as I believe, it is thinkable that it might be of no particular 
consequence, in so far as the visible impression on the screen or film is concerned, 
whether a trillion of particl~ per square millimetre strike the sensitive layer or only a 
million, for example; but with the actions on the skin it is different; these must surely 
arid very materially depend on the quantity of the streams. 

As soon as the before-mentioned fact was recognized, namely, that beyond a certain 
distance even the most powerful tubes are incapable of producing injurious action, no 
matter how long the exposure may last, it became important to ascertain the safe distance. 
Going over all my previous experiences, I found that, very frequently, I have had 
tubes which at a distance of 12 feet, for illustration, gave a strong impression of the 
chest of a person with an exposure of a few minutes, and many times persons have 
been subjected to the rays from these tubes at a distance of from 18 to 24 inches, the 
time of exposure varying from 10 to 45 minutes, and never tl1e faintest trace of an 
injurious action was observed. With such tubes I have even made long exposures at 
distances of 14 inches, always, of course, th rough a thin sheet or wire gai.t.ze of aluminum 
connected to the ground, and, in e:1ch case, observing the precaution that the metal would 
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not give any spark when the person was touching it with the hand, as it might sometimes 
be when the electrical vibration is of extremely high frequency, in which case a ground 
connection, through a condenser of proper a.pacity, should be resorted to. In all these 
instances bulbs containing only aluminum were used, and I therefore still lack sufficient 
dlta to form an exact idea of what distance would have been safe with a platinum tube. 
f:rom the case previously cited, we see that a grave injury resulted at a distance oi 
11 inches, but I believe that, had the protecting screen been used, the injury, if any. 
would have been very slight. Taking all my experiences together, I am convinced that 
no serious injury can result if the distance is greater than 16 inches and the impression 
ir. taken in the manner I have described. 

Having been successful in a number of lines of inquiry pertaining to this new 
department of science, I am able at present to form a broader view of the actions of 
the bulbs, which, I hope, will soon assume a quite definite shape. For. the present, the 
following brief statement may be sufficient. According to the evidences I am obtaining, 
t~e bulb, when in action, is emitting a stream of small material particles. There are 
some experiments which seem to indicate that these particles start from the outer wall 
of the bulb; there :ICC others which seem to prove that there is an actull penetration 
of the wall, and, in the case of a thin aluminum window, I have now not the least 
doubt that som~ of the finely disinteg rated cathodic matter is actually forced throu~h. 
These streams may simply be projected to a great distance, the velocity gradually 
diminishing without the formation of any waves, or they may give rise to concussion~ 

and longitudinal waves. This, for the present consideration, is entirely immaterial, but, 
assuming the existence of such streams of particles, and disregardin . .; such actions as 
might be due to the properties, chemical or physical, of the projected matter, we have 
to consider the following specific actions: 

First. There is the thermal effect. 1lte temperature of the electrode or impact body 
does not in any way .give us an idea of the degree of heat of the particles, but, if 
we consider the probable velocities only, they correspond to temperatures which may 
be as high as 100,000 degrees centigrade. It may be sufficient that the particles arc 
simply at a high temperature to produce an injurious action, and, in fact, many-evidences 
point in this direction. But against this is the experimental fact that we can not 
demonstrate such a transference of heat, and no satisfactory explanation is found yet. 
although, in carrying my investigations in this direction, I have arrived at some results. 

Sec~ud, there is the purely electrical effect. We have absolute experimental evidence 
that the particles o r rays, to express myself generally, convey an immense amount of 
electricity, and I have even .found a way of how to estimate and measure that amount. 
Now it is likewise possible that the mere fact of these particles being highly electrified is 
sufficient to cause the destruction of the tissue. Certainly, on contact with the skin, the 
electrical. charges will be given off, and may give rise to strong and destmctivc local 
currents in minute paths of the tissue. Experimental results are in accord with this view, 
and, in pushing my inquiry in this direction, I have been still more successful than in 
the first. Yet, while as I have suggested before, this view explains best the action on a 
sensitive layer, experiment shows that, when the supposed particles traverse a grounded 
plate, they are not deprived entirely of their electrification, which is not satisfactorily 
explained. 

The third effect to be considered is the electro-chemical. The charged particles give 
rise to an abundant generation of ozone and other gases, and these we know, by 
experiment, destroy even such a thing as rubber, and are, therefore, the most likely agent 
in the destruction of the skin, and the evidences are stronge-st in this direction, since a 
small layer of a fluid, preventing the contact of gaseous matter with the skin, seems to 
stop all action. 

46• 
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The lasJ effect to be considered is. ·the purely mechanical. It is thinkable that 
material particles, moving with great speed, may, merely by a mechanical impact and 
unavo!d:tble heating at such speeds, be sufficic;nt to deteriorate the tissues, and in such 
a case deeper layers might also be inju'red, whereas it is very probable that no such thing 
would occur if any of the former explanations would be found to hold. 

Summing up my experimental experiences and the conclusions derived from them, 
it would seem advisable, first, to abandon the use' of bulbs containing platinum; second, 
to substitute for them a properly constructed Lenard tube, containing pure alwpinum 
only, a tube of this kind having, besides, the advantage that. it can be constructed with 
great mechanical precision, and therefore is · capable of producing much sharper 
impressions; thjrd, to use a protecting screen of aluminum sheet, as sugg!=Sted, or, 
instead of this, a wet cloth or a layer of a fluid; fourth, to make the exposures at 
distances of, at le:~st, 14 inches, and preferably expose longer at a larger distance. : 

. . . .. . 
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ON THE SOURCE OF ROENTGEN RAYS AND THE PRACTICAL 

CONSTRUCTION :AND SAFE OPERATION OF LENi\RD TUBES• 

• 

. . . 
.. 

I have for some time felt that a few indications in regard to the practical construction 
of Lenard tubes of improved designs, a great number of which I have recently exhibited 
before the New York Academy of Sciences (April 6, 1897), would be useful 
and timely, particularly as by their proper construction and usc much of the 
danger attending the experimentation ·with the rays may be avoided. The simple 
precautions which I have suggested in my previous communications are seemingly 
disregarded, and cnses of injury to patients are i:x:ing almost daily rcpc·rtcd, and in 
view of thi~ only, were it for no other reason, the following lines, referring to this 
$'.lbject, would have been writte1~ before had not again pressing and unavoidable duties 
prevented me from doing so. A shcnt and, I may say, most unwelcome interruption of 
the work which has been claiming my attention makes this now possible. However, as 
these opportunities are scarce, I will utilize the present to dwell in a few words on some 
other matters in connection with this subject, and particularly on a result of importance 
whicl1 I' have reached some time ago by the aid of such a Len·ard tube, and which, if 
I am correctly informed, I can only in part consider as my own, since it seems that 
practically it has been expressed in other words by Professor Roentgen in a recent 
communication to the Academy of Sciences of Berlin. The result alluded to has reference 
to the much disputed question of the source of the Roentgen rays. As will be rcmcmber<:d, 
in the first announcement of h is discovery, Roentgen was of the opinion that the rays which 
affected the sensitive layer emanated from the f!uorescent spot on the g lass wall of the 
bulb; other scientific men next made the cathvde responsible; still others the anode, while 
some thought that the rays were emi\ted solely from f luorescent powders of surfaces, 
and speculations, mostly unfounded, increased to such an extent that, despairingly, one 
would exclaim with the poet: 

"0 gliicklich wer noch bo//en kmm, 

A us diesem /lfeer des lrrtums au/zutauchen !" 

. My own experiments led me to recognize that, regardless of the location, the chief 
source of these rays was the place of the first impact of the projected stream of particles 
within the bulb. This was merely a broad statement, of which that of Professor Roentecn ,, 
was a special case, as in his first experiments the fluorescent spot on the glass wall w~s. 

incidentally, the place of the first impact of the cathodic stream. Investigations carried 
on up to the present day han: only confirmed the correctness of the above opinion, and 
the place of the first,collision of the stream of, particles - be it an anode or independent 

• El«:trical Review, August 11, 1897. 
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impact body, the glass wall or an aluminum window - is still found to be the principal 
source of the rays. But, as will be seen presently, it is not the only source. 

Since recording the above fact my efforts were directed to finding answers to the 
following questions: First, is it necessary that the impact body should be within the 
tube? Second, is it required that the obstacle in the path of the cathodic stream should 
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Fig. 1. - Illustrating an Experiment Revealing the Real Source 
of the Roentgen Rays. 

be a solid or liquid? And, third, to what extent is the velocity of the stream necessary 
for the generation of and influence upon the' character of the rays emitted? 

In order to ascertain whether a body located outside of the tube and in the path 
or in the direction of the stream of particles· was capable of producing the same peculiar 
phenomena as an · object located inside, it appeared necessary to first show that there 
is an actual penetration of the particles through the wall, or otherwise that the actions 
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Fig. 2. - Improved Len:ud Tube. 

of the supposed streams, of whatever nature they might be, were sufficiently pronounced 
in the outer region close to the wall of the bulb as to produce some of the effects 
which arc peculiar to a cathodic stream. It was not difficult to obtain with a properly 
prepared Lenard tube, having an exceedingly thin window, many and at first surprising 
evidences of this character. Some of these have already been pointed out, and it is 
thought sufficient to cite here one more which I have since observed. In the hollow 
aluminum cap A of a . tube as shown in diagram Fig. 1, which will be described in 
detail, I placed a half-dollar silver piece, supporting it at a small distance from and 
parallel to the window or bottom of the cap by strips of mica in such a manner that 
it was not touching the metal of th'e tube, an air space being-left all around it. Upon 
exciting the bulb for about 30 to 45 seconds by the secondary discharge of a powerful 
-:oil of a novel type now well known, it was found that the silver piece was rendered 
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so hot as to actually sc1rch the hand; yet the aluminum window, which offered a very 
insignificant obstacle to the cathodic stream, was only moderately warmed. Thus it was 
shown that the silver alloy, owing to its clensity and thickness, took up most of the energy 
of the impact, being acted upon by the particles almost identically as if it had been 
inside of the bulb, and, what is more, indications were obtained, by observing the 
shadows, that it behaved like a second source of the rays, inasmuch · as the outlines of 
the shadows, instead of being sharp and dear as when the half-dollar piece was removed, 
were dimmed. It was immaterial for the chief object of the inquiry to decide by more 
exact methods whether the cathodic particles actually penetrated the window, or whether 
a new and separate stream was projected · 
from the outer side of the window. In 
my mind there exists not the least doubt 
that the former was ·the case, as in this f! 
respect I have been able to obtain numerous 
additional proofs, upon whid1 I may dwell )( _)( 
in the near future. · 

I next endeavored to ascertain whether 
it was necessary that the obstacle · outside 
was, as in this case, a solid body, or a 
liquid, or broadly, a body of measurable 
dimensions, and it was in investigating in 
this di rection that I came upon the 
important result to which I rderred in 
the introductory statements of this com· 
munication. I namely observed rather 
accidentllly, although I was following up 
a systematic inquiry, what is illustrated in 
diagram Fig. 1. The diagram shows a 
Lenard tube of improved design, consisting 
of a tube T of thick glass tapering towards 
the open end, or neck n, into which · ;s 
fitted an aluminum cap A, and a spherical 
cathode e; supported on a glass stems, and 
platinum wire tu sealed in the opposite end 
of the tube as usual. The aluminum cap A, 
as will be observed, is not in actual contac! 
with the ground-glass wall, being held 
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Fig. 3. - lllustratins Arrangement with 
Improved Double-Focus Tube for Reducins 

the Ini urious Actions. 

at a small distance from the latter by a narrow and continuous ring of tinfoil r. The 
outer space between the glass and the cap A is filled with cement c, in a manner whid1 
I shall later describe. F is a Roentgen screen such as is ordinarily used in making 
the observations. 

Now, in looking up<>n the screen in the direction from F to T, the dark lines 
indicated on the lower part of the diagram were seen on the illuminated background. 
The curved line e and the straight line W were, of course, at once recognized as the 
outlines of the cathode e and the bottom of the cap A ~espectively, although, in conse· 
quence of a confusing optical illusion, they appeared mu.:!l closer together than they 
actually were. For instance, if the distance between e and o was five inches, these lines 
would appear on the screen about two inches apart, as nearly as I could judge by the 
eye. This illusion may be easily explained and is quite unimportant, except that it 
might l::e of some moment to physicians to keep this fact in mind when making 
examinations with the screen AS, owing to the above effect; which is sometimes 
exaggerated to a degree hard to believe, a completely erroneous idea of the distance of 
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• 
the various parts of the • object under examination might be gained, to the detriment 
of the surgical operation. But while the lines e and W were easily accounted for, the 
curved linc;s t, g, a were at first puzzling. Soon,· however, it was ascertained that 
the faint line a was the shadow of the edge of the aluminum cap, the much darker line g 
that of the rim of the glass tube T, and t the shadow of the tinfoil ring r. Thes<: 
shadows on the screen F clearly-showed that the agency which aff~ed the fluorescent 
material was proceeding from the space outside· of the bulb towards the aluminum 
cap, and chiefly from the region through which the primary disturbances or streams 
emitted from the tube through the window were passing, which observation could 
not be explained in a more plausible manner than by assuming that the air and dust 
particles outside, in the path of the projected streams, afforded atl obstacle to their 
passage and gave rise to impacts and collisions spreading through the air in all directions, 
thus producing continuously new sources of the rays. It is this fact which, in his recent 
communication before mentioned, Roentgen has brought out. ·So, at least, I havt> 
interpreted his reported statement that the rays emanate from the irradiated air. It nov1 
remains to be shown whether the' air, from which carefully all foreign particles arc 
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for Safe Working at Close Range . 
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removed, is capable of behaving as an impact body and source of the rays, in order 
t:> decide whether the generation of the latter is dependent on the presence in the air 
of impact particles of measurable dimen~ions. I have reasons to think so. 

\Xfith the knowledge of this fact we are now able to form a more general ide<\ of 
the process of generation of the radiations which have been discovered by Lenard and 
Roentgen. It may be comprised in the statement that the streams of minute material 
particles projected from an electrode with great velocity in encountering obstacles 
wherever they may be, within the bulb, in the air or other medium or in the sensitive 
layers themselves, give rise to .rays or radiations possessing many ofthe properties of those 
known 'as light. ·If this physical process of generation of these rays is undoubtedly 
demoqstrated as tl').le, it will have most important conseguences, as it· will induce 
physicists to again critically examine many phenomena which are presently attributed 
to transverse ether waves, which may lead to a radical modification ·of existing views 
and the-ories in regard to these phenomena, if not as to their essence so, at least, as 
to the mode of their production. · 

My effort to arrive at an answer to the third of the above questions led me to 
the establishment, by actual photographs, of the close relationship which exists between 
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the Lenard and Roel)tg~n rays. The photographs bearing on this point were exhibited 
at a meeting of the New York Academy of Sciences :- before referred to - April 6, 
1897, l;>ut, unfortunately, owipg. to the shortness of my address, and concentration of 
t~ought on other matters, I omitted what was most important; namely, to describe the 
manner. in which these photographs were obtained, an oversight which I was able to 
only partially repair the day following. I did, however, on that occasion illustrate and 
describe experiments in which 'Yas shown the deflectibility of the Roentgen rays by 
a magn7t, which establishes a still closer relationship, if not identity, of the rays named 
after these two d_i5coverers. But the description of these experiments in detail, as well 
as of other investigations and results in harm:)ny with and restricted to the subject 
I btought before that scientific body, will appear in a longer communication which 
I ·am sl£>wly preparing. · . . . . 

To bring out clearly the significance of the photographs in question, I would 
recall that, in some of my previous contributions to scientific soo:;ieties, .I have endeavored 
to .gispel a popular opinion . before existing that the phenomena known as those of 
Crookes were dependent on and indicative of high vacua. \Vith this object in view, 
I showed that phosphpres1=ence an.d most of the phenomena in Crookes bulbs wen: 
producible at greater . pressures of the gases in the bulbs by the use of much higher 
or more sudden electro-motiye impulses. Having this well demonstrated fact before me, 
I prepared a tube in the m:tnner described by Lenard in his first classical communication 
on . this subject. The tube was exhausted to a moderate degree, either by chance or of 
ne<;cssity, jlnd it \vas found that, when operated by an ordinary high-tension coil of a 
·low rate of change in· the current, no rays of any of the two kinds could be detected, 
even when the tube was so highly strained .as to become very hot in a few moments. 
Now, I expected that, if the suddennc;ss of the impulses through the bulb were 
sufficiently increased, rays would be emitted. To test this I employed a coil of a type 
which I have repeatedly described, in which the primary is operated by the discharges 
of a condenser. \X'ith such an instrument any desired suddenness of the impulses may be 
secured, there being practically no limit in this respect, as the cnerl.'Y accumulated in 
the condenser is the most violently explosive agent we know, and any potential or 
electrical pressure is obtainable. Indeed, I found that in increasing the suddenness of 
the electro-motive impulses through the tube - v.•ithout, however, increasing, but rather 
diminishing the total energy conve)'cd to · it - phospho~escence was observed :tnd rays 
began to appear, f irst the feebler Lenard rays and l~ter, by pushing the suddenness far 
enough, Roentgen rays of great intensity, which enabled me to ohta:n photographs 
showing the finest texture of the bones. Still, the same tube, when again operated 
with the ordinar)' coil of a low rate of change in the primary current, emitted pr~ct icallr 
no rays, even when, as before stated, much more ener,~.:y, as judged from the heating, 
was passed through it. This experience, together with the fact that I ha..-c succeeded in 
producing by the usc of immense electrical pressures, obt~inable wi th certain appara tus 
designed for this express purpose, some impressions in free ai r, have led me to the 
conclusion that in lightning discharges l .cnard and Roc1~tgen ra)'S must be generated 
at ordina ry atmospheric pressure. 

At this juntturc I realize, by a perusal of the pr: ccding linc·s, that my sci<mt·ifi.; 
interest has dominated the prac!ical, and that the ( ollowing remarks mus~ be dc·:otcd 
to the primary object of this w mmunicntion - that is, to /!iving some data for the 
construction to those engaged in the manufacture of the tubt's and, perhaps, a few 
useful hints to practicing physicians who a.re dcper.dent on such infonmtion. The 
foregoing was, ne,•ertheless, not lost for th is object, inasmuch as it has shown how much 
the result obtained depends on the proper constwct icn of the instruments, for, with 
ordinary implements, m:>s~ of the a~ove observations w uld not have been made. 

I have already described the form of tube illustrated in Fig. 1, and in f ig. 2 another 
~t:il further improv~d design is shown. In this case the aluminum cap A, instead of 



having a ;traight bottom • as before, is shaped spherically, the center of the sphere 
coinciding with thar of the electrode e, which itself, :1s in Fig. 1, has its focus in the 
center of the window of cap A, as indicated by the dotted lines. The aluminum cap 
A has a tinfoil ring r, as that in Fig. 1, or else the metal of the cap is spun out on that 
place so as to afford a bearing of small surface between the metal and the glass. This 
is an · important practical detail as, by making the bearing surface small, the pressure 
per unit of area is increased and a more perfect joint made. The ring r should be first 
spun out and then ground to fit the neck of the bulb. If a tinfoil ring is used instead, 
it may be cut out of one of the ordinary tinfoil caps obtainable in the market, care being 
taken that the ring is very smooth. 

In Fig. 3 I have shown a modified design of tube which, as the two types before 
described, was comprised in the collection I exhibited. This, as will be observed, is a 
double-focus tube, with iinpact plates of iridium alloy and an aluminum cap A opposite 
the same. The tube is not shown because of any originality in design, but simply to 
illustrate a practical fe_a..+ure. It will be· noted that the aluminum caps in the tubes 
described are fitted inside of the necks and not outside, as ·is frequently done. Long 
experience has demonstrated that it is practically impossible to maintain a high vacuum 
in a tube with an outside cap. The only way I have been able to do this in a fair 
measure is' by cooling the cap by a jet of air, for instance, and observing the folJowing 
precautions: The air jet is first · turned on slightly and upon .this the tube is excited. 
The current through the latter, and also the air pressure, are then gradualJy increased 
and brought to .the normal working condition. Upon completing the experiment the . 
air pressure and current through the tube are both gradually reduced and both so 
manipulated that no great differences in temperature result between the glass and 
aluminum cap. If those precautions are not observed the vacuum will be immediately 
impaired in consequence of the uneven expansion of the glass and metal. 

With tubes, as these presently described, it is quite unnecessary to observe this 
precaution if proper car.e is taken in their preparation. In inserting the cap the latter 
is cooled down as low as it is deemed advisable without endangering the glass, and 

· it is then gently pushed in the neck of the tube, taking ca·re that it sets straight. 
The two most important operations in the manufacture of such ~ tube are, however, 

the thin~ing down of the aluminum window and the sealing in of 'the cap. The metal 
of the latter may be one thirty-second or even one-sixteenth of an inch thick, and in 
such case the central portion may be thinned down by a countersink tool about one
fourth of an inch in diameter as far as it is possible without tearing\ the sheet. The 
further thinning down m:~y then be done by hand with a scraping tool; and, finally, the 
metal should be gently beaten down so as to surely dose the pores which might permit 
a slow leak. Instead of proceeding in this w:~y I have employed a cap with a hole in the 
center, which I have closed with a sheet of pure aluminum a few thousandths of an 
inch thick, r iveted to the cap by me:tns of a washer of thick metal, but the results were 
not quite as satisfactory. . 

In scaling the cap I have adopted the following procedure: The tube is fastened 
en the pump in the proper position and exhausted until a permanent condition is 
reached. The degree of exhaustion is :1 measure of perfection of the joint. The leak ts 
usually considerable, but this is not so serious a defect as might be thought. Heat is now 
gradualJy applied to the tube by means of a gas stove until a temperature up to about the 
boiling point of. sealing wax is reached. The space between the cap and the glass is then 
filled with scaling wax of good quality; and, when the latter begins to boil, the 
temperature is reduced to allow its settling in the cavity. The heat is then again 
increased, and this process of heating and cooling is repeated several times until the 
entire cavity, upon reduction of the temperature, is found to be filled uniformly with 
the wa.x, all bubbles having disappeared. A little more wax is then put on the top and 
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the exhaustion carried o,n for an hour or so, according to the capacity of the pump, 
by application of moderate heat much below the melting point of the wax. 

A tube prepared in this manner will main~in the vacuum very well, and will last 
indefinitely. If not used for. a few months, it may gradually ,lose the high .vacuum, 
but it can be quickly worked up. However, if after long use It becomes necessary to 
clean the tube, this is .easily done by gently warming it and taking off the cap. The 
cleaning may be done first with acid, then with highly diluted alkali, next with 
distilled water, and finally with pure rectified alcohol. 

These tubes, when properly prepared, give impressions much sharper and reveal 
much more ·deta11 than those of ordinary make. It is important for the clearness of the 
impressions that the electrode should be properly shaped, and that the focus should 
be exactly in the center of the cap or slightly inside. In fitting in the cap, the distance 
from the electrode should be measured as exactly as possible. It should also be remarked 
that the thinner the window, the sharper are the impressions, but it is not. advisable 
to make it too ·thin, as it is apt to melt in a point on turning on the current. 

The above advantages are not the only ones which these tubes offer. They are 
:1lso better adapted for purposes of ex:lffiination by surgeons, particularly if used in 
the peculiar manner illustrated in diagrams Fig. 3 and Fig. 4, which are self-explanatory. 
It will be seen that in each of these the cap is connected to the ground. This decidedly 
diminishes the injurious action and .enables :1lso to take impressions with very short 
exposures of a few seconds only at close range, inasmuch as, during the operation of 
the bulb, one can easily touch the cap without any inconvenience, owing to the ground 
connection. The arrangement shown in Fig. 4 is particularly advantageous with a form 
of single terminal, whid1 'coil I have described on other occasions and whid1 is 
diagrammatically illustrated, P being the primary and S the secondary. In this instance 
the high-potential terminal is connected to the electrode, while the cap is grounded. 
The tube may be placed in the position indicated in the drawing, under the operating 
table and quite close or even in contact with the body of the · patient, if the impression 
requires only a few seconds as, for instance, in ·examining parts of the members. I have 
taken 1pany impressions with such tubes and have observed no injurious · action, but 
I would advise not to expose for .longer than two or three minutes at very short distances. 
In this~ respect the experimenter should bear in mind what I have stated in previous 
communications. At all events it is certain that, in proceeding in the manner described, 
:1dditional safety is obtained and the process of taJ9ng impressions much quickened. 
To cool the cap, a jet of air may be used, as before stated, or else a small quantity of 
water may be poured in the cap each time. when an impression is taken. The water 
only slightly impairs the action of the tube, while it maintains the window at a safe 
temperature. I may add that the tubes are improved by providing back of the electrode 
t metallic coating C, shown in Fig. 3 and Fig. 4. · 

• 
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ON CURRENT INTERRUPTERS• 
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To stimulate the ardor of the zealous experimenters, who believe in the revolutionary 
character of this discovery, it might be well to suggest one or two such simple devices for 
interrupting the current. For instance, a very primitive contrivance of this kind comprises 
a poker - yes, an ordinary poker, connected by means of a flexible cable to one of the 
mains of the generator, and a bathtub filled with conducting fluid which is connected in 
any suitable manner, through the prim,Hy of an induction coil, to the other pole of the 
generator. When the experimenter desires to take a Roentgen picture, he brings the 
end of the poker to white ~eat, and, th~sting the same into the bathtub, he will at 
once witness an astonishing phenomenon, "the. seething and boiling liquid making and 
breaking the current in rapid succession, and the powerful rays generated will at once 
convince him of the great practical value of this discovery. I might further suggest 
that the poker may J:>e conveniently heated by means of a welding machine. 

Another device, entirely automatk, and probably suitable for use in suburban 
districts, comprises two insulated metal plates, supported in any convenient manner, in 
dose proximity to each other. These plates are connected through the primary of an 
induction coil with the determinals of a generator, and are bridged by two movable 
contacts joined by a flexible cable. The two contacts are both attached to the legs of 
a good-sized chicken standing astride on the plates. Heat being applied "to the latter, 
muscular contractions are produced in the legs of the chicken, whid1 thus makes and 
breaks the current through the induction coil. Any number of such chickens may be 
provided and the contacts connected in series or multiple arc, as may be desired, thus 
increasing the frequency of the impulses. In this manner fierce sparks, suitable for most 
purposes, may be obtained, and vacuum tubes may be opemted, and these contrivances 
will be found a notable improvement on certain circui t-breakers of old, with which 
two enterprising ec! itors undertook some years ago to r~volutionizc the systems of electric 
lighting. The enterprising editors arc wiser now. They arc to be congratulated, nnd 
their readers, scientific societies and the profession, all ought to be congratulated, 
and - "all is well that ends well." The observant experimenter will not fail to note 
that the fierce sparks frighten the chickens, which are thus put into more violent spasms 
and muscubr contrnctions, this again increasing the fierceness of the sparks, which, in 
return, causes a greater f right of the chickens and increased speed of interruptions; it is, 
in fact, as Kipling says: 

• 

"l111trd~pmdfflu abroluu, /oreum, ordain~d, dureed, 
To work, ye'/1 nou, aJ a11ytil1 a11' lll~ry rate o'spud." 

But to return, in all earnestness, to the "electrolytic interrupter" described, this is 
a device with which I am perfectly familiar, having carried on extensive experiments 
with the same two or thiee years ago. It was one of many devices which I invented in 

• Electrical Review, March 15, 1899. 



A-77 

my efforts to produce an economical contrivance of this kind. The name is really not 
aopropriate, inasmuch as any fluid, either conducting or made so ih any manner, as by 
b~ing rendered acid or alkaline, or by being heated, may be used. I have even 
found it possible, under certain conditions, to operate with mercury. The device is 
extremely simple, but the great waste of energy attendant upon its operation and 
certain other defects make it entirely unsuitable for any valuable, practical purpose, and 
as far as those instances are concerned, in which a small amount of energy is needed, 
much better results are obtained by a properly designed mechanical circuit-breaker. 
The experimenters are very likely deceived by finding that an induction coil gives longer 
sparks ,Y~hen this device is inserted in place of the ordinary break, but this is due merely 
to the fact that the break is not properly designed. Of the total energy supplied from 
the mains, scarcely one-fourth is obtainable of that amount, which a well constructed 
mechanical break furnishes in the secondary, and although I have designed many 
improved forms, I have found it impossible to increase materially the economy. Two 
improvements, however, which I found at that time necessary . to introduce, I may 

·mention for the benefit of those who are using the device. As will be readily noted, 
the small .terminal is surrounded by a gaseous bubble, in which the makes 
and breaks ·are· formed, generally in an irregular manner, by the liquid bein~ 
driven towards the terminal a"t some point. The force which dri,·es the llquid 
is evidently the pressure of the fluid column, and by increasing the fluid pressure 
in any manner the liquid is forced with greater speed towards the terminal and thus 
the frequency is increased. Another ·~ecessary improvement was to make a provision for 
preventing the aci<!_ or alkali from being carried off into the atmosphere, which always 
happens more or less, even if the liqutd column be of some height. During my early 

·experiments with the cjevice I became so interested in it that I neglected this precaution, 
and I noted that the acid had attacked all the apparatus in my laboratory. The 
experimenter will conveniently carry out both of these improvements l:>y taking a Ion~ 
·glass tube of, say, six to· eight feet in length, and arranging the ·intermpting device 
close to the bottom of the tube, with an outlet for eventually replacing the liquid. The 
high column will prevent the fumes from vitiating the atmosphere of the room, and 
the increased pressure will add materially to the effectiveness of the performance. If 
the liquid column be, say; . nine times · as high, the force driving the fluid towards 
the con,tact is nine times as great, and this force is capable, under the same conditions, 
of driving the fluid three times as fast, hence the frequency is incrCflsed in that ratio 
and. in fact, in a somewhat greater ratio, as the gaseous bubble, bein.~; compressed, ts 
rendere.d ~mailer, and therefore the liquid is mad.e to travel through a snullcr distanrc. 
The electrode, of course, should be very small to insure the regularity of nper.ttion, 
and it is not necessary to use platinum. The pressure may, howe\'er, be increased in 
other ways, and I have obtained some results of interest, in experiments of thrs kind. 

As before stated, the device is very wasteful, . and, while it may be used in some 
instances, I consider it of little or no practical va lue. It will please me to be convinced 
of the contrary, but I do not think that I am erring. My chief reasons fo r this statement 
~re that there are many other ways in which by far better results arc obtainable with 
..ievtces equall)• simple, if not more so. I may mention one here, based on a different 
principle, which is incomparably more effective, more efficient and also simpler on 
the whole. It comprises a fine stream of conducting fluid which is made to issue. 
with any desired speed, from an orifice connected with one pole of a generator, 
throu,gh the primary of the induction coil, against the other terminal of the .~:enerator 
placed at .a small distance. This device gives discharges of a remarkable suddenness, 
and the frequency may be brought within reasonable limits, almost to anythin,g desired. 
I have used this device for a long time in connection with ordinary coils and in a form 
of my own coil with results greatly superior in every respect to those obtainable with 
the form of device discussed. 
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ELECTRICAL OSCILLATORS • 

Few fields have been opened up the explomtion of which has proved as fruitful 
as that of. high frequency cuHents. Their singular properties and the spect:tcular ch~racter 
of the phenomena they presented immediately commanded universal attention. Scientific 
men became interested in their investigation, e:ngineers were attr:lcted by their 
commercial possibilities, and physicians recogniz:cd in them a long-sought me~ns for 
effective treatment of bodily ills. Since the publication of my first researches in 1891, 
hundred~ of volumes have been written on the subject and many invaluable result; 
ootained through the medium of this new ngency. Yet, the nrt is only in its infancy 
and the future has incomparably bigger things in store. 

From the yery beginning I felt the necessity of producing efficient apparatus to 
meet a rapidly growing demand and during the eight years succeeding my original 
:mnounce:nents I developed not less than fifty types of these transformers or electrical 
oscillators, each complete in every detail and refined to such a degree that I could not 
m:~terially improve any one of them today. Had I been guided by practical coqsidemtions 
r might have built up an immense and profitable business, incident:~lly rendering 
important services to the world. But the force of circumstances and the ever enlarging 
vista of greater achievements turned my efforts in other directions. And so it comes 
that instruments will shortly be placed on the market which, oddly enough, were 
perfected twenty years ago! 

These oscillators arc expressly intended to operate on direct and alternating 
I ig!1ting circuits and to generate damped and undamped oscillations or currents of any 
frequency, volume and tension within the widest limits. They are compact, self-contained. 
require no care for long periods of time and will be found very convenient and 
useful for various purposes as, wireless telegraphy and telephony; conversion of electrical 
energy; formation of chemical compounds through fusion and combination; synthesis of 
gases; manufacture of ozone; lighting; welding; municipal, hospital, and domestic 
sanitation and sterilization, and numerous other applications in scientific laboratories 
and industrial institutions. While these transformers have never been described before, 
the general principles underlying them were fully set forth in my published articles 
and patents, more particularly those of September 22, 1896, and it is thought, therefore, 
that the appended photographs of a few types, together with a short explanation, will 
convey all the information that may be desired. 

The essential parts of such an oscillator are: a condenser, a self-induction coil for 
d1arging the same to a high potential, a circuit controller, and a transformer which is 

• Electrical Experimenter, July 1919. 
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energized by the oscillat_ory discharges of the condenser. There are at least three, but 
usually four, five or six, circuits in tune and the regulation is effected in several ways, 
most frequently merely by means of an adjusting screw. Under favorable conditions an 
efficiency as high as 85% is attainable, that is to say, that percentage of the cnergr 
supplied can be recovered in the secondary of the transformer. While the chief virtue 
of this kind of apparatus is obviously due to the wonderful powers of t}le condenser, 
special qualities result from concatenation of circuits under observance of accurate 
harmonic•relations, and minimization of frictional and other losses which has been 
one of the principal objects of the design. 

r 

• 

Fis. 1. 

3roadly, the instruments can be divided into two classes: one in which the 
circuit controller comprises solid contacts, and the other in which the make and break is 
effected by mercury. Figures 1 to 8, inciusivc, belong to the first, and the remaining 
ones to the second · class. The former are capable of an appreciably higher emcicncy 
on account of the fact that the losses involved in the make and break arc reduced 
to the minimum and the resistance component of the damping factor is very small. The 
latter are preferable for purposes requiring larger output and a great number of breaks 
per second. The operation of the m•)tor and circuit controller of course consumes a 
certain amount of energy which, however, is the less significant the larger the capacity 
of the machine. 



• 

A-BO 

In Fig. 1 is shown on~ of the earliest forms of oscillator constructed for experimental . 
purposes. The condenser is contained in a squue box of mahogany upon wh.icb is 
mounted the self-induction or charging coil wound, as will be noted, in two sections 
connected in multiple or series according to whether the tension of . the supply circu•t 
is 110 or 220 volts. From the box protruJe four brass columns carrying n plate with 

-
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the sprin~ contncts and adju~tmg screws as well as two massive terminals for the 
reception of the primary of the transformer. Two of the columns serve :ts condcnser con
nections lVhile the other pair is employed to join the binding posts of the switch in front 
to the self-inductance and condenser. The primary coil consists of a few turns of copper 
ribbon to the ends of which are soldered short rods fitting into the terminals referred 
to. The secondary is made in two parts, wound in a manner to reduce as much as possible 
the distributed capacity and at the same time enable the coil to withstand a very high 
pressure between its terminals at the center, which are connected to binding posts on two 
rubber columns projecting from the primary. The circuit connections may be slightly 
varied but ordinarily they are as diagrammati,ally illustrated in the Electrical 
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Experimenter for May on page 89, relating to my oscillation trans~orm.er photograph 
of whicll appeared on page 16 of the same number. The operation tS as follows: 
When the switch is thrown on, the current from the supply circuit rushes through the 
self-induction coil, magnetizing the iron core within and separating the contacts of the 
controller. The high tension induced current then charges the condenser and upon 

Pis, ;. 

closure of the contacts the accumulated energy is released through the primary, giving 
rise to a long series of oscillations whid1 excite the tuned secondary circuit. 

This device has proved highly serviceable in carrying on laboratory experiments 
of all kinds. For inst-ance, in studying phenomena of impedance, the transf ormcr was 
removed and a bent copper bar inserted in the terminals. The latter was often replaced 
by a large circular loop to exhibit inductive effects at a dist-ance or to excite resonant 
circuits used in various investigations and measurements. A transformer suitable for 
any desired performance could be readily impro,·ised and attached to the terminals 
and in this way much time and labor was saved. Contrary to what might be naturally 
expected, little trouble was experienced with the contacts, although the currents through 
them were heavy, namely, proper conditions of re-sonance existing, the great flow occurs 
only when the circuit is closed and no destructive arcs can develop. Originally I employed 
platinum and iridium tips but later replaced them by some of meteorite and finally of 
tungsten. The last have given the best satisfaction, permitting working for hours and 
days without interruption. 

Fig. 2 illustrates a small oscillator designed for certtin specific uses. 1l1e underlying 
idea was to attain great activities during minute intervals of time each succeeded by 
~ comparatively long period of inaction. •With this object a large self-induction and a 

47, Nilcola Tesla • 
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quick-acting break were. employed owing to which arrangement the condenser was 
charged to a very high potential. Sudden secondary currents and sparks of great volume 
were thus obtained, eminently suitable for welding thin wires, flashing lamp filaments, 
igniting explosive mixtures and kindr~d applications. The instrument was also adapted 
for battery use and in this form was a very effective igniter for gas engines on which a 
patent bearing nw11ber 609,250 was granted to me August 16, 1898 . 

• 

Fig. 4. 

Fig. 3 represents a large oscillator of the first class intended for wireless experi
ments, production of Rontgen rays and scientific research in general. It comprises a box 
containing two condensers of the same capacity on which arc supported the charging 
coil and transformer. The automatic circuit controller, hand switch and connecting posts 
are mounted on the front plate of the inductance spool as is also one of the contact 
springs. The condenser box is equipped with three term.inals, the two external ones serv
ing merely for connection while the miJdle one carries a contact bar with a screw for 
regulating the interval during whid1 the circuit is closed. The vibrating spring itself, 
the sole function of which is to cause periodic interruptions, can be adjusted in its 
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strength as well as distance from the iron core in the center of the charging coil by 
four screws visible on the top plate so that any desired conditions of mechanical 
control might be secured. The primary coil of the transformer is of copper sheet and 
taps are made at suitable points for the purpose of varying, at wil~ the number 
of turns. As in Fig. 1 the inductance coil is wound in two sections to 

Fig. 5 . 

• 

adapt the instrument both to 110 and 220 volt circuits and several secondaries were 
provided to suit the various wave lengths of the primary. The output was approximately 
500 watt with damped waves of about 50,000 cycles per second. For short periods of 
time undamped oscillations were produced in screwing the vibrating spring tight against 
the iron core and separating the contacts by the adjusting screw which a/JQ performed 
the function of a key. \'V'ith this oscillator I made a number of important observations 
and it was one of the machines exhibited at a lecture before the New York Academy 
of Sciences in 1897. 

Fig. 4 is a photograph of a type of transformer in every respect similar to the 
one illustrated in the May, 1919, issue of the Electrical Experimenter to which 
reference has· already been made. It contains the identical essential parts, disposed 
in like manner, but was specially designed for use on supply circuits of higher tension, 
from 220 to 500 volts or more. The usual adjustments are made in setting the contact 
spring and shifting the iron core within the inductance coil up and down by means 
of two screws. In order to prevent injury through a short-circuit, fuses arc inserted in the 
lines. The instrument was photographed in action, generating undamped· oscillations 
from a 220 volt lighting circuit. . 

Fig. 5 shows a later form of transformer principally intended to replace Rhumkorf 
coils. In this instance a primary is employed, having a much greater number of turns 

47• 
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and tlre S«<ndary is closely linked with the same. The currents developed in the 
latter, having a tension of from 10,000 to 30,000 volts, are used to charge condensers 
and operate an independent high frequency coil as customary. The controlling mechanism 
is of somewhat different construction but the core and contact spring are both adjustable 
as before. 

Fig. 6 is a small instrument of this type, particularly intended for owne production 
or sterilization. It is remarkably efficient for its size and can be connected ·either to ~ 110 
or 220 volt circuit, direct or alternating, prefer:~bly the former. 

l'is. s. 

In Pig. 7 is shown a photograph of n larger ·transformer of this kind. The 
construction and disposition of the parts is :LS before but there are two condensers in 
the box, one of which is connected in the circuit as in the pre,·ious cases, while the other 
is in shunt to the primary coiL In this manner currents of great volume are produced 
in the latter :tnd the secondary effects :tre accordingly magnified. The introduction of 
an additional tuned circuit secures also other advantages but the adjustments are 
rendered more difficult and for this reason it is desirable to use such an instrument 
in the production of currents of a definite and unchanging frequency. 

Fig. 8 illustrates a transformer with rotlry break. There are two condensers of 
the same capacity in the box which can be connected in series or multiple. The charging 
inductances are in the form of two long spools upon which are supported the secondary 
terminals. A small direct current motor, the speed of which can be varied within wide 
limits, is · employed to drive a specially constructed make and break. In other features 
the oscillator is like the one illustrated in Fig. 3 and its operatlon will be readily 
understood from the foregoing. 11tis transformer was used in my wireless experiments 
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and frequently also for 'lighting the laboratory by my vacuum tubes and was likewise 
exhibited at my lecture before the New York Academy of Sciences above mentioned. 

Coming now to machines of the second class, Fig. 9 shows an oscillatory 
transformer comprising a condenser and charging inductance enclosed in a box, :1 

transformer and a mercury circuit controller, the 1:\tter being of a construction described 
for the first time in my patent No. 609,251 of August 16, 1898. It consists of a motor 
driven hollow pulley containing a small quantity of mercury which is th rown outwardly 
against the walls of the vessel by centrifugal force and entrains a contact wheel which 
periodically closes and opens the condenser ci rcuit. By means of adjusting screws 

• 

Fis. u. 

above the pulley, the depth of immersion of the vanes and conSCXJuently, also, the 
duration of e:tch contact can be varied at desire and thus the intensity of the effects and 
their character controlled. This form of break has given thorough s:ttisf:tction, working 
continuously with currents of from 20 to 25 amperes. The number of interruptions 
is usually from 500 to 1,000 per second but higher frequencies are practicable. The 
space occupied is about 10" X 8" X 10" and the output approximately % kW. 

In the transformer just described the break is exposed to the atmosphere and a slow 
oxidation of the mercury takes place. This disadvantage is overcome in the instrument 
shown in Fig. 10, which consists of a perforated metal box containing the condenser 
and charging inductance :md carrying on the top a motor driving the break, and a 
tmnsformer. The mercury break is of a kind to be described and operates on the 
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principle of a jet which' establishes, intermittently, contact with a rotating wheel in the 
interior of the pulley. The stationary parts are supported in the vessel on a bar passing 
through the long hollow shaft of the motor and a !Jlerrury seal is employed to effect 
hermetic closure of the chamber enclosing the cirruit controller. The rurrent is Jed into 
the interior of the pulley through two sliding rings on the top which are in series with 
the condenser and primary. The exclusion of the oxygen is a decided improvement, 
the deterioration of the metal and attendant trouble being eliminated and perfect working 
conditions continuously maintained. 
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Fig. 11 is a photograph of a similar oscillator with hermetically inclosed merrury 
break. In this machine the stationary parts of the interrupter in 'the interior of the 
pulley were supported on a tube. through which was led an insulated wire connecting to 
one terminal of the break while the otl1er was in contact with the vessel. The sliding 
rings were, in this manner, avoided and the construction simplified. The instrument 
was designed for oscillations of lower tension and frequency requiring primary rurrents 
of comparatively smaller amperage and was used to excite other resonant circuits. 

Fig. 12 shows an improved form of oscillator of the kind described in Fig. 10, 
in which the supporting bar through the hollow motor shaft was dane away with, the 
device pumping the mercury being kept in position by gravity, as will be more fully 

• 
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explained with reference· to another figure. Both the capaci ty of the condenser and 
primary turns were made variable with the view of producing oscillations of severa l 
frequencies. 

Fig. 13 is a photographic view of another form of oscillatory transformer with 
hermetically sealed mercury interrupter, and Fig. 14 diagrams showing the circuit 

Fi;;. 15. 

connections and arrangement of parts reproduced from my patent, No. 609,245, ot 
August 16, 1898, describing this partirular device. The condenser, inductance, 
transformer and circuit controller are disposed as before, but the latter is of different 
construction, which will be dear from an inspection of Fig. 14. The hollow pulley a is 
secured to a shaft c which is mounted in a vertical bearing passing through the stationary 
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field magnet d of the inotor. In the interior of the vessel is supported, oo frictionless 
bearings, a body h of magnetic material which is surrounded by a dome b in the center 
of a laminated iron ring, with pole pieces oo wollnd with energizing coils p. The ring 
is supported on four columns nnd, when magnetized, keeps the body h in position 
while the pulley is rotated. TI1e btter is of steel, but the dome is preferably made of 
German silver burnt black by acid or nickeled. The body h carriG-s n short tube k bent, 
as indic.1ted, to catch the fluid ns it is whirled around, and project it against the teeth 

l'ig. 16. 

of a wheel fastened to the pulley. The wheel is insulated and contact from it to the 
external cirqiit is cstnblished through a mercury cup. As the pulley is rapidly rotated a 
jet of the fluid is thrown against the wheel, thus making and breakiug ronlarl about 
1,000 limes per serond. The instrument works silently and, owing to the absence of 
all deteriorating ngents, keeps continually dean and in perfect condition. Tile number 
of interruptions per second may be much greater, however, so as to make the currents 
suitable for wireless telephony and like purposes. 

A modified form of oscillator is represented in Figs. 15 and 16, the former being 
a photographic view and the latter a diagrammatic illustration showing the arrangement 



Fig. 17. 

Fis. JS. 
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of the interior parts of •the controller. In this instance the shaft b carrying the vessel 
a is hallow and supports, in frictionless bearin.gs, a spindle i to which is fastened 
a weight k. Insulated from the latter, but mechanically fixed to it, is a curved 
arm L upon which is supported, freely rotatable, a break-wheel with projections 
QQ. The wheel is in electrical connection with the external circuit through a 
mercury cup and an insulated plug sut>ported from the top of the pull~. Owing to 
the inclined position of the motor the weight k keeps the break-wheel in place by .the 
force of gravity and as the pulley is rotated the circuit, incl~~:ding the condenser and 
primacy coil of the transformer, is rapidly made and broken. 

Fig. 17 shows a similar instrument in which, however, the make and break device 
is a jet of mercucy impinging against an insulated toothed wheel carried on an insulated 
stud in the center of the cover of the pulley as shown. Connection to the condenser 
circuit is made by brushes bearing on this plug. 

Fig. 18 is a photograph of another transformer with a mercury circuit controller of 
the wheel type; modified in some features on which it is unnecessary to dwell. 

These are but a few of the oscillatocy transformers I have perfected and constitute 
only a small part of my high frequency apparatus of which I hope to give a full 
description, when I shall have freed myself of pressing duties, at some future date. 

' 

• 
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DEVELOPMENTS IN PRACTICE AND ART OF TELEPHOTOGRAPHY• 

The recen·t successful experiments by Edouard Belin of Paris in the tran~mission 
of photographs between New York City and St. Louis, a distance of 1000 miles, have 
naturally aroused new interest in this rather old art. Mr. Belin's apparatus ha> been 
examined with a k.Qowledge of previous efforts in that direction; and it must be 
admitted that the French inventor has achieved a marked improvement. It is . tru~ tha: 
his apparatus in .many of its features is old and well known, but all the details have 
been worked out skilfully and his photographic reproductions are not only good 
likenesses of the originals but are expressive in no small degree. In common·'·with other arts 
the transmission of pictures to a distance has been brought to its present state of perfection 
by slow and gradual improvements effected in the course of 77 years. The literature 
on the subject is quite voluminous and difficult to peruse, as the articles are published 
in various languages and scattered through numerous periodicals. Only one complete and 
exhaustive work ll3S been published in German by Dr. Arthur Korn of Munich and 
Dr. Bruno Glatzel. 

FIRST PATENTS TAKEN OUT MANY YEARS AGO 

The original idea is due to Alexander Bain, a Scotch mechanician, wno secured a 
British patent disclosing the invention in 1843. H is plan contemplated the transmission 
of printed letters, drawings and pictures in the following way: At the sending station a 
holder with insulated metal points was arranged to glide in the direction of the lines 
over a frame resting on the printed page to be reproduced at a distance. Within this 
frame, and at right angles to its plane, a munbcr of short wires were imbedded in 
sealing wax, their lower ends being in contact with the letters which in turn \>ere all 
electrically connected. As the holder moved back and forth the insulated metal points 
would be brought in and out of contact with the upper ends of the short wire£, thus 
controlling the flow of the current through them. Each metal point was joined by a 
special line to the receiving station where there was a similar holder made to slide over 
chemically prepared paper laid on a grounded metal plate. When a battery at the 
transmitting end was connected with one of its poles to the letters and the other to 
the ground the current impulses traversing the line wires and the chemical paper would 
cause changes of color in the latter, thus reproducing the characters. A great number 
of points and line wires were required to attain satisfactory results and, realizing this 
objection, Bain proposed to avail himself of only one wire, but did not give full 
information in this regard. Subsequently Bonnelli and other inventors made improvements 
in his apparatus, reducing the number of the wires to a few. There is no doul:>t that, 
despite the manifest crudity of this system, it was quite capable of bein,~,; used 

* Ele:tric>l Ro,·icw, Dec. II , 1920. 
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commercially in the transmission of type as well as drawings and pictures and may 
yet be found valuable. 

The first practical success was achieved by an Englishman, Frederick Collier 
Bakewell, who secured a British patent in 1847 on a process, some features of which 
have proved to be indispensable in later years. He employed as a transmitter a cylinder 
on which the characters were written with insulating ink. A metal point bore on the 
cylinder and advanced slightly with each revolution of the same exactly as in the older 
form of phonograph. A similar cylinder covered with chemical paper and equipped 
with a sliding point was provided at the receiving station. The cylinders being grounded 
and a battery included in the line wire connecting the transmitting and re~eivling 
points, the passage of the current resolted in a discoloration of the paper and 
reproduction of the written characters at the receiving end. Considering the period 
Bakewell's apparatus was surprisingly perfect, particularly in the feature of maintaining 
the rotating cylinders in synchronism for which purpose he provided an automatic as 
well as a hand correction. A controver$y was waged between Bakewell and Bain for 
the honor of priority, but in this respect there can be no mistake. Bain was the 
originator of the idea while Bakewell was the first to carry it out successfully. 

USE OF CHEMICAL PAPER CONSIDERED IMPRACTICAL 

nie use of chemical paper was considered objectionable, and in 1851 Hipp 
eliminated it, producing the impressions at the receiver with a magnet actuated by the 
transmitted impulses. It is curious, though, to observe that the modern art depends 
entirely on this very device. In 1855 Casselli modified the Bakewell apparatus by 
employing carefully synchronized pendulums at the transmitting and receiving s.tations, 
thtis replacing the rotary motion by a to-and-fro movement as in the Bain arrangement. 
Casselli seems to have had more enterprise than his predecessors, and the apparatus 
which he perfected in 1860 was actually used with some success for a short time in 
service between Paris and several other cities in France. Its abandonment was probably 
due to the slowness of transmission and lack of demand for this kind of facility. It 
is singular that many treatises on physics and other text books mention Casselli while 
ignoring Bain and Bakewell. 

Shortly after this Meyer perfected a S)•Stem which was used with success in !'ranee, 
and may be fairly considered as the first thoroughly practical application of ideas in 
this field. A curious improvement \V:ts made by Gerard who, in 1865, proposed the 
use of flat disks in place of the cylinders of Bakewell. Ever since one wire was 
adopted for the transmission it became an imperative necessity to maintain f•erfect 
synchronism between the transmitter and receiver, and many inventors devoted their 
energy to this task. D' Arlincourt resorted to tuning forks, and his idea was subsequently 
carried out in, a ·more perfect manner by Lacour. At about this time the invention 
reached America, and in 1870 Sawyer brought his ingenuity to bear on the ev0lution 
of a process in which he employed zinc cliches. These were very reliable and constituted 
a signal advance. 

In 1880 Edison devised an apparatus on the principle of that used by ::iawyer, 
except that the impressions were produced on paper in bas-relief. TI1is idea was c:urieJ 
further by Dennison in instruments of the reciprocating type. Through the introduction 
of the Testa alternating system of power transmission a novel means was afforded 
for operating transmitters and receivers. TI1e use of synchronous motors was prvposed 
first in 1893 by Sheehy. 
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DEVELOPMENTS PERMIT USE OF PHOTOGRAPHIC FILMS 
• 

In all cases without exception it was necessary to provide an actual print, drawing 
or sketch to be transmitted until Lenoir introduced photographic films into the art, 
making possible the transmission of any kind of picture. This was a great step forward. 
but the honor of the first practical success belongs to an American engineer, 
N. Amstutz, who used photograpruc sending dich~ in relief for the first time and with 
complete success. Amstutz was a true pioneer, and his improvement is essential in the 
carrying out of the modern processes. Il is true that as early as 1865, a Frenchman, 
Hubert, had suggested the use of letters written with thick ink, but this was of little 
value, and Amstutz was undoubtedly the first to produce and use the dich~ on which the · 
up-to-date art vitally depends. Perfectly satisfactory demonstrations were made with 
his devices in this country more than 20 years ago, when pictures were transmittc<l over 
telegraph wires to great distances. Samples of his work have been preserved which 
clearly show how much be was ahead of his time. 

Following Amstutz, Dunlany, Palmer, Mills and other American inventors took 
up picture transmission with more or less success. By this time the necessity presented 
itself for increasing the rapidity of the process by greater speed of the devices as 
well as multiplex transmission. The Belgian inventor, Carbonelle, made an important 
improvement in tills direction when he introduced the telephone diaphragm carrying 
a stylus for making the impressions. 

Of all inventors, however, Dr. Korn was the most successful as well as prolific 
in the suggestion of improvements, his photographic method of recording carried out 
in 1903 being the most significant. The general idea of photographic recording had 
been already advanced by George Little, and a few years later Dillon took out a patent 
involving the use of sensitized paper and a mirror reflecting a beam of light on the 
same. But it is obvious that at that time it would have been hardly practicable to use 
this suggestion, as photography was not sufficiently advanced. In illustration of this it 
~ay be mentioned that in 1892 the attention of the scientific world was directed to a 
wonderfully senSitive receiver, consisting of an electron stream maintained in a deiicately 
balanced condition in a vacuum bulb, by means of which it was proposed to use 
photography in the transmission of telegrapruc and telephonic messages through the 
Atlantic cables, and later also by wireless. This proposal was met by unsurmountable 
objection$ to the photographic method. Indeed, the Belin process has been rendered 
possible largely through the great improvements in the sensitive films which have been 
evolved in response to the urgent demands of the motion picture and also under the 
stimulus of the recent war . 

• 
SELENIUM CELL AND VACUUM TUBE USED TO TRANSMIT AND RECEIVE 

In the apparatus invented by Dr. Korn a selenium cell is used at the transmitter 
to vary the intensity of the· sending current, and at the receiving station h·e employs 
a vacuum tube of high intensity which throws its light through a fine slot on 
a sensitive plate. The tube is excited by high-frequency currents supplied from 
a Tesla transformer and may be flashed up many thousand times per second. The 
motion of the receiver element is effected either by a wire galvanometer, oscillograph 
or telephone diaphragm. The Korn system has been used for some years past with 
success in Germany and other countries. In fact, it has been operated for some time even 
by wireless. Patents on this mode of transmission have been granted in 1898 and 1899 
to Kiister and G. Williams, but the arrangements involved the employment of Hertz 
waves and were impracticable. Later Frederick Braun, Pansa and Knudsen secured 
patents which, however, are equally defective. Success in this direction has been acrueved 
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so far on1y by Korn, Berjonneau and T. Baker. Invariably the inventors employ a wire 
galvanometer. which is especially suitable for great speed. Telautographic transmission 
by similar means through wires as well as wireless is now common and is effected 
by employing a transmitter of two componentS, the original idea of which is due to 
an Englishman, Jones, who made that suggestion as early as 1855. 

PRESENT DEVELOPMENTS INVOL YE MANY OLD PRINCIPLES 

To this short story of picture transmission Belin has contributed the latest chapter. 
The process he has finally adopted after many years of persistent effort involves the 
use of two cylinders rotating in synchronism - one for transmitting and the otlaer for 
reproducing. The former is of copper and is prepared for operation by having its 
surface coated with a thin shellac solution, wrapping a carbon print of the photcgraph 
about it with its face to the cylinder and immersing the whole in hot water, this 
causing the gelatine to adhere to the cylinder surface in proportion to the degree of 
blackness so that a likeness of the print in bas-relic·£ is obtained. On this cylinder bears 
the stylus of a microphone diaphragm -;vhidl is slm·>ly moved forward by the revolution 
of the cylinder as in a phonograph. In this manne1 the pressure of the carbon Lcntacts 
is varied in conformity with the changes of the surface, and the microphone c.urents 
pass over the transmitting wire to the receiving station where they cause corresponding 
deflections of a mirror forming part of a highly sensitive dead-beat oscillograph. 
A strong beam of light reflected from the mirror traverses a screen graduated from 
full transparency to opacity and is led through a microscopic opening to the sensitive 
film wrapped around the receiving cylinder. Special provisions are made to keep the: 
cylinders exactly in step as this is indispensable to good performance. The film is, 
of course, protected against the external light, and when the operation is a>n_~pleted 

it is developed as usual so that either a positive or negative print is obtained according 
to the position of the screen. There is nothing in his apparatus which is fundamentallr 
novel; in fact, every feature of the same has been disclosed in the prior art. Even the gratu
ated screen, which is one of the most essential puts, has been employed before by D r. 
Korn. But :Mr. Belin has displayed cons1derable ingenuity and skill in all the details, and 
his reproduced photographs are most excellent. There is every reason to belie,-~ that 
his efforts will be rewarded by an extensive practical application of his devices. 

TELEVISION TO BE NEXT STEP IN PROGRESS OF TRANSMISSION 

The transmission of photographs constitutes only the first step towards the 
immeasurably greater achievement of television. By this is m~nt instantaneous transmis
sion of visual impressions to any distance by wire or wireless. It is a subject to which 
I have devoted more than 25 years of close study. Two of the impediments whid1 
years ago seeme_d unsurmountable have been successfully overcome, but great difficulties 
are still in the way. These are encountered in the inertia of the sensitive cells and 
the enormous speed required to make possible the vision of persons, objects or scenes 
as in life. It is the problem of constructing a transmitter analogous to the lens and 
retina of the eye, providing a medium of conveyance corresponding to the optic nerve. 
and a receiver organized simil:lrly to the brain. It is a gigantic task, but I am confident 
that the world will witness its actual accomplishment in the near future . 

• 
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ON ELECfRICITY• 

THE .ADDRESS ON THE OCCASION OF THE COMMEMORATION 
OF THE INTRODUCTION OF NIAGARA FALLS POWER IN BUFFAW AT 

THE ELLICOTT CLUB,. JANUARY 12, 1897 . . 

I have scarcely had courage enough to address an audience on a few unav;;idablc 
occasions, ·JUld the experience of this ~vening, evcq as disconnected fr9m tl!e cause of our 
meetin_q, is quite novel to me. Although in those few instances, of which I have retaincrl 
agre~lc memory, my words have met with a generons reception, I never deceived 
myself, and knew quite well that my success was not due to any excellency i :1 the 
rhetori~al or demonstrative art. Nevertheless, my sense of duty to respofi:d to the request 
with whith I was honored a fe.w d.ays ago was strong _enough to overcome my very 
grave apprehensions in. regard to my ability of doing justice to the topic assigned to 
me. It is true, at times - even now, as ~ speak:- my mind feels full of the.snbject, 
but I know that, as soon as .I shall attempt expression, j:he (ugitive ccinccptions will yani~h, 
and I shall experience certain well known sensations of abandoqment, chill and si.!ence. 
I can see already your disappointed countenances and can . read in them the painful 
regret of the mistake in your choice. . . . 

These remarks, gent,lemen, • :ue not made with the selfish desire of winning your 
kindness and indulgence on my shortcomings, but with the honest intention of offering 
you an apology for your disappointment. Nor are they made - as you might be 
disposed to think - in that playful spirit which, to the enjoyment .of the listeners. 
is often displayed by belated speakers. On the contrary, I am deeply earnest. m my 
wish that I were capable of having the fire of eloquence kindled in me, that 1 :night 
dwell in adequate terms on this fascinating science of electricity, on the marvelous 
development which electrical annals have recorded and which, as one of the speakers 
justly remarked, stamp this age as the Electrical Age, and particularly on the great 
event we are commemoratin~ this day. Unfortunately, this my desire must remain 
unfulfilled. but I am hopeful that in my formless and incomplete statements, amon,g 
the few ideas and facts I shall mention there may be something of inter~s: and 
usefulness, S()mething befitting this unique occasion. · 

Gentlemen, there are a number of features clearly discernible in, and characteristic 
of, human intellectual p.rogress in more recent times .- features which afford great 
comfort to the minds of all those who have really at heart the advancemen~ and 
welfare of mankind. . 

First of all, the inquiry, by the aid of the microscope and electrical instrument:>\ 
of precision, into the nature of our organs and senses, and particularly of those tnrough 
which we commune directly with the outside world and throu~h which knowled~e is 
conveyed to our minds, has revealed their exact construction and mode of action, which 

• Electrical Review, Jnn. 27. 1897. 
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is in conformity with simple and well established· physical principles and laws. Hence 
the observations we make and the facts we ascertain by their help are real facts and 
observations, and our knowledge is true knowledge. To illustrate: Our knowledge of 
form, for instance, is dependent upon the positive fact that light propagates in straight 
lines, and, owing to this, the image formed by a lens is exactly similar to the object seen. 
Indeed, my thoughts in such fields and directions have led me to the conclusion that 
most all human knowledge is based on this simple truth, since practically every idea or 
conception - and therefore all knowledge - presupposes visual impressions. But if 
light would not propagate in accordance with the law mentioned, but in conf?rmity 
with any other law which we might presently conceive, whereby not only the image 
might not bear any likeness to the object seen, but even the images of the same 
object at different times or distances might not resemble each other, then our kno·.vledge 
of form would be. very·defective, for then we might see, for example, a three-cornered 
figure as a six or twe!ve·cornered one. With the dear understanding of the mechanism 
and mode of action of our organs, we remove all doubts as to the reality and tmth of the 
impressions received from the outside, and thus we bar out - forever, we may hope -
that unhealthy speculation and skeptici:;m into which formerly even strong minds were 
apt to fall. 

Let me tell you of another comforting feature. The progress in a measured time i~ 
nowadays . more rapid and greater than it ever was before. This is qUite in 
accordance with the fundamental law of motion, which commands acceleration and 
increase of momentum or accumulation of energy under the acticn of a continuo1.1sly 
acting force and tendency, and is the more true as every advance weakens 
the elements tending to produce friction and retardation. For, after all, what 
is progress, or - more correctly -development, or evolution, if not a movement, 
infinitely complex and often unscrutinizable, it is true, but nevert)leless exactly 
determined in quantity as well as in quality ·of motion by the physical conditions 
and: Jaws. governing? This feature of more reCent development is best shown :n the 
rapid merging together of the various acts and sciences by the obliteration of the hard and 
fast lines of separation; of borders, some; of which only a few years ago seemed unsur· 
passable, and which, like veritable Chinese walls, surrounded every department of 
inquirY and barred progress. A sense of connectedness of the various apparently widely 
different forces and phenomen.a we observe is taking posses.sion of our minds, r. s~nse 
of deeper understanding of nature as a whole, which, though no~ yet quite clear and 
defint>d, is keen enough to inspire us with the confidence of vast realizations in the near 
future. · 

But these features chiefly interest the scientific man, the thinker and reasoner. 
There is another featu.re which affords us still more satisfaction and en joymet>t, and 
which is. <:>f still more universal interest, chiefly because of its bearing upon .the _welfare 
of mankind. Gentlemen, there is an influence which is getting strong and stronger day 
by day, which shows itself more and more in all departments of human activity, an 
influence most fruitful and beneficial - the influence of the artist. It was a. happy 
day for .the mass of humanity when the artist felt the desire o( becoming a physician, 
an. electrician, an engineer or mechanician or - wh:~tnot - a mathematician or .. !1-
fin.ancier; for it was he who wrought all these wonders and grandeur we are wltMssing. 
It· was he who abolished that small, pedantic, narrow-grooved school teaching which 
made of an aspiring student a galley-slave, and he who allowed freedom in the choice 
of su~ject of study according to one's pleasure and inclination, and so fatilitated 
develo_pment. . 

, Some, who delight: in the· exercise .of the powers of criticism, call thts an 
assymetrical development, a degeneration or departure from the normal, or even a 
degradation of the race. But they ace mistaken. This is a welcome state of things, a 
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blessing. a wise subdivision of labors, the establishment of conditions most favorJble to 
progress. Let one concentrate all his e_nergies in one single great effort, le~ ~im paceive 
a single truth, even though he be consumed by the s~cred fue, then milltons of .less 
gifted men can easily follow. Therefore it is not as much quantity as quality of work 
which determines the magnitude of the progress. · · 

It was the artist, too, wno awakened that broad philanthropic spirit which, even 
in old ages, shone in the teachings of noble reformers and philosophers, tliat' spirit 
which makes men in all departments and positions work not as much for any m:~terial 
benefit or compensation - though reason may command this also ~ but chiefly for 
the sake of success, for the pleasure there is in achieving it and for. the good they 
might be able to do thereby to their fellow-men. Through his influence types of tren are · 
now pressing forward, impelled by a ·deep love for 'their . study, men who are doing 
wonders in their respective branches, whose chief aim and enjoyment is the acq<~isition 
and spread of knowledge, men who look far· above earthly things, whose .banner is 
Excelsior! Gentlemen, let us honor the artist, let us thank him, let us drink his nealth ! 

Now, in all these enjoyable and elevating features which characterize modern 
intellectual development, electricity, the expansion of the science of electricity, ha5 been 
a most potent factor. Electrical science has revealed to us the true nature of light, has 
provided us with innumerable appliances and instruments of precision, and has thereby 
vastly added to the exactness of our knowledge. Electrical science has disclosed to us 
the more intimate relation existing between widely different forces and phericmena 
and has . thus led us to a. more complete comprehension of Nature and its many 
manifestations to our senses. Electrical science, too, by its fascination, by its promises 
of immense realizations, of wonderful possibilities chiefly in humanitarian rc~pects, 
has attracted the attention and enlisted the energies of the artist; for where is there a 
field in which his God-given powers would be of greater benefit to his fellow-men than 
this unexplored, almost virgin, region, where, like in a silent forest, a thousand voices 
respond to every call? . 

W ith these comforting features, with these cheering prospects, we need not look 
with any feeling of incertitude or apprehension into the future. There are pessimistic 
men, who, with anxious faces, continuously whisper in your ear that the natk,ns are 
secretly arming - arming to tl1e teeth; that they are going to pounce upon each other 
at a given signal and destroy themselves; that they are all trying to outdo that v ict,~rious, 

great, wonderful German army, again:;t which there is no resistance, for every German 
has the discipline in his very blood - every German is a soldier. But these mm are 
in error. Look only at our recent experience with the British in that Venezuela. difficulty. 
Two other nations might have crashed together, but not the Anglo-Saxons; they are 
too far ahead. Th.; men who tell you this are ignoring forces which are continua lly at 
work, silently but resistlessly - forces which say Peace! 

There is ·the j;enuine artist, who inspires us with higher and nobler sentiments, and 
makes us abhor strife and carnage. There is the engineer, who bridges gulfs and chasms, 
and facilitates contact and equalization of the heterogeneous masses of humanity. There 
is the mechanic, who comes with his beautiful time and energy-.saving applianaes, 
who perfects his flying machine, not to drop a bag of dynamite on a city or vessel, 
but to facilitate transport and travel.· There, again, is the chemist, who opens ·new 
resources. and makes existence more pleasant and secure; and there is the electtician, 
who sends his messages of peace to all parts of the globe. The time will not be long 
in coming when those men who are turning their ingenuity to inventing 9uick-firing 
guns, torpedoes and other implemc:nts of destruction - all the while assuring yoa that 
it is for the love and good of humanity- will find no takers for their odious·tools, and 
will realize that, had th.ey used their inventive talent 10 other directions, they inight 
have reaped a far better reward than the sestertia received. And then, and none too. 
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soon, the cry will be ech'oed everywhere. Brethren, stop these high-handed methods of the 
strong; these remnants of barbarism so inimical to progress ! Give that valiant warrior 
opportunities for displaying· a more commendable courage t:'-lan that he shows ~hen, 
intoxicated with victory, he rushes to the destruction of his fellow-men. Let him toil 
day and night with a small chance of achieving and yet be unflinching; let him cha.!Jenge 
the dangers of exploring the heights of.the air and the depths of the sea; let him brave 
the dread of the plague, the heat of the tropic desert and the ice of the polar region. 
Turn your energies to warding off the common enemies .and dangers, the perils that 
are all .arow)d you, that threaten you · in the air you breathe, in the water you drink, 
in the food you consume . .Is it not strange, is it not shame, that we, beings. in the 
highest ·state of development in this our world, beings with such immense powers of
thought and action, we, the masters . of the globe, should be absolutely at the mercy 
of our unseen: foes, that we should not know whether a swallow of food or drink brings 
joy and life. or pain and destruction to u5! In this most modern and sensible warfare, 
in which the bacteriologist leads, the services electricity will render will prove invaluable. 
The economical production of high-frequency currents, which i~ now an accomplished 
fact, enables us to generate easily and in large quantities ozone for the disinfection of 
the water and the air, · while certain novel radiations recently discovered give hope of 
finding .effective remedies · against ills of microbi'c origin, which have heretofore 
withstood all efforts of the physician. But let me turn to a more pleasant theme. 

I have referred to the merging together of the various sciences or departments 
of research; and to a certain perception of intimate connection between the mmifold 
and apparently different forces and phenomena. Already we know, chiefly throu.~h the 
efforts of a bold pioneer, that light, radiant heat, electrical and magnetic actior..s are 
closely related, not to say identical. The chemist professes that the effects of combination 
and separation· of bodies he observes are due to electrical forces, and the physician and 
physiologist will tell you that even life's progress is electrical. Thus ·electrical science 
has. ~:lined a universal meaning, and with right this age can claim the name "Age 
of Electricity." 

I wish much to tell you on this occasion - I may say I actually burn for desire· 
of telling you - what electricity really iJ, but I have very strong reasons, which my co
workers will best appreciate, to follow a precedent established by a great and ve,lerable 
philosopher, and I shall not dwell on this purely scientific aspect of electricity. 

There is another reason for the claim which I have before stated which is even 
more potent than the former, and that is the immense development in all electrical 
branches in more recent years and its influence upon other departments of ;.cicncc 
and industry. To illustrate this influence I only need to refer to the steam or gas engine. 
For more than half a century the steam engine has served the .innumerable w~onts of 
man. The work it was called to perform was of such variety and the conditions in 
each case were so different that, of necessity, a great many types of engine:: have 
resulted. In the vast majority of cases the problem put before the engineer was no~. as it 
should have been, the broad one of converting the greatest possible amount of heat 
energy into mechanical power, but it was rather the specific problem of obtainmg the 
mechanical power in such form as to be best suitable for general use. As the reciprocating 
motion of the piston was not convenient for practical purposes, except in ve~y f cw 
instances, the piston was connected to a crank, and thus rotating motion was obr,lined, 
which was more suitable and preferable, though it involved numerous disadvantages 
incident to· the crude and wasteful means employed. But until quite recently there were 
at the disposal. of the engineer, for the transformation and transmission of the motion 
of the piston, no better means than rigid mechanical connections. The past few years 
have brought forcibly to the attention of the builder the electric motor, with its ideal' 
features. Here was a mode of transmitting mechanical motion simpler by far, and 

. . 
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also mu'ch more economical. Had this mode been perfected earlier,· there can be no 
doubt that, of the ~any different types of engine, the majority would not exi~t. for 
just as soon as an engine was couple~ with an electric generator a type was produced 
capable of almost universal use. From this moment ·on there was no necessity to 
endeavor to perfect engines of special designs capable of doing special kinds oi work. 
The engineer's 'task became now to concentrate all his efforts upon one type, to perfect 
one kind of engine - the best, the universal, the engine of · the immediate future; 
namely, the one which is best suitable for the generation of electricity. The first efforts 
in this direction gave a strong impetus to the development of the reciprocating high· 
speed engine, and also to the turbine, which latter was a type of engine of very limited 
practical usefulness, but became, to a certain extent, valuable in connection with the 
electric generator and motor. Still, even the former engine, though impoved in many 
particulars, is not radically changed, and even now has the same objectionable features , 
and limitations. To do away with these as much as possible, a new type of engine is 
being perfected in which more favorable conditions for economy are maintained, which 
expands the working fluid with utmost rapidity and loses little heat on the walls, an 
engine stripped of all usual regulating mechanism - packings, oilers and other 
appendages - and forming part of an electric generator; and in this type, ·I may say, 
I have implicit faith. 

The gas or explosive engine has been likewise profoundly affected by the 
commercial introduction of electric light and power, particularly in quite recent years. · 
The engineer k turning his energies more and more in this direction, being attracted 
by the prospect of obtaining a higher thermodynamic efficiency. Much larger engines 
are now being built, the construction is constantly improved, and a novel type of 
engine, best suitable for the generation of electricity, is being rapidly evolved. 

There are many other lines of manufacture and industry in which the influence of 
electrical development has been even more powerfully felt. So, for instance, the 
manufacture of a great variety of articles of metal, and especially of chemical products. 
The welding of metals by electricity, though involving a wasteful process, has, never· 
theless, been accepted as a legitimate art, while the manufacture of metal sheet-, seaml~s 
tubes and the like affords promise of much improvement. We are coming ·gradually, 
but surely. to the fusion of bodies and reduction of all kinds of ores - even of iron 
ores - bv the use of electricity, and in each of these departments great reali;;ations 
nre probable. Again, the cconomica: conversion of ordinary currents of supply into 
high-frequemy currents opens up new possibilities, such as the combination of the 
atmospheric nitrogen and the production of its compounds; for instance, ammonia and 
nitric acid, and their salts, by novel processes. 

The high-frequency currents also bring us to the re3lization of a more economic3l 
system of lighting; namely by means of phosphorescent bulbs or tubes, and enable us 
to produce with these appliances light of practically any candle-power. Following other 
developments in purely electrical lines, we have all rejoiced in observing the rapid 
strides made, which, in. quite recent years, have been beyond our most sa:1guine 
expectations. To enumerate the many advances recorded is a subject for the· re"iewcr, 
but I can not pass without mentioning the beautiful discoveries of Lenard and Roentgen, 
particularly the latter, which have found such a powerful response throughout the 
scientific world that they have made us forget, for a time, the great ac:j'lievement 
of Linde in Germany, who has effected the liquefaction of air on an industrial scak 
by a process of continuous cooling: the discovery of argon by Lord Ray:lei,~;h and 
Professor Ramsay, and the splendid pioneer work of Professor Dewar in thl:! field of 
low temperat:\lre research. The fact that the United States have contributed a v~ry liberal 
share to this prodigious progress must afford to all of us great satisfaction. \'V'hile 
honoring the workers in other countries and all those who, by profession or inclination, 
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arc devoting themselves .to strictly scientific pursuits, we have particular reasons to 
mention with gra.titude the ~ames of those who h:~ve so much contributed to this 
marvelous development of electrical industry in this country. Bell, who, by his admirable 
invention enabling us to transmit speech to grelt distances, has profoundly nlfected 
our commercial and soci:~l relations, and even our very inode of life; Edison, who, 
had he not done anything else beyond his early work in incandescent lighting, would 
have proved himself one of the greatest benefactors of the age; Westinghouse:, the 
founder of tl1e commercial alternating system; Brush, the great pioneer of arc lighting; 
Thomson, who gave us the first practical welding machine, and who, with keen sense, 
contributed very materially to the development of a number of scientific and industrial 
branches; Weston, who once led the world in dynamo design, and now leads in the 
construction of electric instruments; Sprague, who, with rare energy, mastered the 
problem and insured the success of practical electrical ·railroading; Acheson, Hall, 
Willson and others, who arc crenting new and revolutionizing industries here under · 
our very eyes at Niagara. Nor is the work of these gifted men nearly finished ~t this 
hour. Much more is still to come, for, fortunately, most of them are still iull of 
enthusiasm and vigor. All of these men and many more are untiringly at work 
investigating new regions and opening up unsuspected :llld promising fields. W eekly, if 
not daily; we learn through the journals of a new advance into some unexplored region, 
where at every step success beckons friendly, and leads the toiler on to hard and harder 
tasks. 

· But' among all these many departments of reselrch, these many branches of industry, 
new and old, which are being rapidly expanded, there is one dominating all others in 
importance- one which is of the greatest significance for the comfort and welf,ue, not 
to say for the existence, of mankind, and that is the electrical transmission of power. 
And in this most important of all fields, gentlemen, long afterwards, when time will 
have placed the events in their proper perspective, and assigned men to their deserved 
places, the great event we are commemorating to·day will stand out as designating 
a new and glorious epoch in the history of humanity - an epoch grander thaQ that 
marked by the advent of the stenm engine. We have many a monument of past ages; 
we have the palaces and pyran1ids, the temples of the Greek and the cathedmls of 
Christendom. In them is exemplified the power of men, the greatness of nations, the 
love of art and religious devotion. But that monument at Niagara has something of 
its own, more in accord with our present thoughts and tendencies. It is a monument 
worthy of our scientific age, a true monument of enlightenment and of pe~ce. It st~nifies 
the subjugation of natural forces to the service of man, the discontinuance of barbuous 
methods, the relieving of millions from want and suffering. No matter what we 
attempt to do, no matter to what f ields we turn our efforts, we are dependtnt on 
power. Our economists may propose more e<onomical systems of administration and 
utilization of resources, our legislators may make wiser laws and treaties, it matters 
little; that kind of help can be only temporary. If we want to reduce poverty and 
misefY, if we want to give to every deserving individual what is needed for a safe 
existence of an intelligent being, we want to provide more machinery, more power. 
Power is our mainstay, the primary source of our many-sided energies. With sui iiciem 
power at our disposal we can satisfy most of our wants and offer a guaranty for safe and 
comfortable ex.istence to all, except perhaps to those who are the greatest criminals 
of all - the volunta.rily idle. 

The development and wealth of a city, the success of a nation, the progress of 
the whole human rac'e, is regulated by the power available. Think of the victorious 
mardi of the British, the like of which history has never recorded. Apart from the 
qualities of the race, which have been of great moment, tpey own the copquest of the 
world to - coal. For with coal they produce their iron; coal furnishes them lignt and 
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heat; coal drives the wheels of their immense manufacturing establishments, and coal 
propels their conquering fleets. But the stores are being more and more exh.tusted, 
the labor is getting dearer and dearer, and the demand is continuously increasing. It 
must be dear. to every one that soon some new source of power supply must be opened 
up, or that at le:lSt the present methods must be materially improved. A g reat deal 
is expected from a more economical utilization of the stored energy of the carbon 
in a battery; but while the attainment of such a result would be hailed as a great 
a.chievement, it would not be as much of an advance tow:uds the ultimate and permanent 
method of obtaining power :lS some engineers seem to believe. By reasons both of 
economy :~nd convenience we are driven to the general adoption of a system of energy 
supply from central stations, and for such purposes the beauties of the mechanical 
generation of electricity can not be exaggerated. The advantages of this universally 
accepted method are certainly so great that the probabi lity of replacing the engine 
dynamos by batteries is, in my opinion, a remote one, the more so :lS the high-pressure 
steam engine and g:lS engine give promise of a considembly more economical ther
modynamic conversion. Even if we had this day such an economical coal battery, its 
introduction in central stations would by no means be :lSsured, as its use would entail 
many inconveniences and drawbacks. Very likely the carbon could not be burned in 
its natura.! form :lS in a boiler, but would hlve to be specially prep:trcd to secure 
uniformity in the current generation. There would be a great many cells needed to make 
up the electro-mo.tive force usually required. The process of cleaning and renewal, 
the h~dling of nasty fluids and gases and the great space necessary for so many 
batteries would make it difficult, if not commercially unprofitable, to operate such 
a plant in a city or densely populated district. Again, if the station be erected in the 
outski rts, the conversion by rotating transformers or otherwise would be a serious 
at).d unavoidable drawback. Furthermore, the regulating appliances and other accessories 
which would have to be provided would probably make the plant fully as much, if 
not more, complicated than the present. We might, of course, place the batteries at 
or near the coal mine, and from there transmit the energy to distant points in the 
form of high-tension alternating currents obtained from rotating transformers, but even 
in. this· most fav()rable ca.se the process would be a barbarous one, certainly more so 
than the present, as it would still involve the consuJ!lption of material, while at the 
same. time it would restrict the engineer and mechanic in the exercise of their beautiful 
art. As to the energy supply in small isolated places as dwellings, I have placed my 
confidence in. th.e development of a light storage battery, involving the use of chemicals 
manufactured by cheap water power, such :lS some carbide or o:.:ygen-hydrogen cell. 

But we shall not satisfy ourselves simply with improving steam and explosive 
engines or inventing new batteries; we have something much better to work for, a 
greater t:lSk to fulfill. We have to evolve means for obtaining energy from stores which 
are forever inexhaustible, to perfect methods which do not imply consumption and 
waste of any materiaJ whatever. Upon this great possibility, which I ha,·e long ago 
recognized, upon this great problem, the practical solution of which means so much 
for humanity, I have myself concentrated my efforts since a number of years, and a 
few happy ideas which came to me have inspired me to attempt the most difficult, 
and gi"en me strength and courage in adversity. Nearly six years ago my confidence 
had become strong enough to prompt me to an expression of hope in the ultimate 
solution of this all dominating problem. I have made progress since, and have passed 
the stage of mere conviaion such :lS is derived from a deligent study of known facts, 
conclusions and calculations. I now feel sure that the realization of that idea is not 
far off. But precisely for this re:lSon I fed impelled to point out here an important 
fact, which I hope will be remembered. Having examined for n long time the 
possibilities of the development I refer to, namely, that of the operation of engines 
on any point of the earth by the energy of the medium, I find that even under the 
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theoretically best conditiOI}S such a .method of obtaining power can not equal in ~onomy, 
simplicity and many other features the present method, involving a conversion of the 
mechanical energy of running water into electrical energy and the transmission of the 
latter in the form of currents of very high tension to great distances. Provided, therefore, 
that we can avail ourselves of ourents of sufficiently high tension, a waterfall affords 
us the most advantageous means of getting power from the sun sufficient for all our 
wants, and this recognition has impressed me strongly with the future importance 
of· the water power, not so much because of its commercial value, though it may be 
very great, but chiefly because of its bearing upon our safety and welfare. I am glad 
to say that also in this latter direction my efforts have not been unsuccessful, for I 
have devised means which will allow us the use in power transmission of electro
motive forces much higher than those practicable with ordinary apparatus. In fact, 
progress in this field has given me fresh hope that I shall see the fulfillment of one 
of my fondest dreams; namely, the transmission of power f rom station to station without 
the employment of any connecting wire. Still, whatever method of transmission be 
ultimately adopted, nearness to the source of power will remain an imporblnt advantage. 

Gentlemen, some of the ideas I have expressed may appear to many of you hardly 
realizable; nevertheless, they are the result of long-continued thought and work. You 
would judge them more justly if you would have devoted your life to them, as I have 
done. With. ideas it is like with dizzy heights you climb: .At first they cause you discomfort 
and ' you are anxious to get down, distrustful of your own powers; but soon the 
remoteness of the turmoil of life and the inspiring influence of the altitude calm your 
blood; your step gets firm and sure and you begin to look - for dizzier heights. 
I have attempted to speak to you on ''Electricity," its development and influence, but 
I fear that I have done it much like a boy who tries to draw a likeness with a few 
straight lines. But I have endeavored to bring out one feature, to speak to you in one 
strain which I felt sure would find response in the hearts of all of you, the only one 
worthy of this occasion - the humanitarian. In the great enterprise at Niagara we 
see not only a bold engineering and commercial feat, but far more, a giant stride in 
the right direction as indicated both by exact science and philanthropy. Its success is 
a signal for the utilization of water powers all over the world, and its influence upon 
industrial development is incalculable. We must all rejoice in the great achievement 
and congratulate the intrepid pioneers who have joined their efforts and means to 
bring it about. It is a pleasure to learn 0f the friendly attihtde of the citizens of Buffalo 
and of the encouragement given to the enterprise by the Canadian authorities. We 
shall hope that other cities, like Rochester on this side and H amilton and Toronto 
in Canada, will soon follow Buffalo's lead. This fortunate city herself is to be 
congratulated. With resources now unequaled, with commercial facilities and advantages 
such as few cities in the world possess, and with the enthusiasm and progressive spirit of 
its citizens, it is sure to become one of the greatest industri~l centers of the globe. 

-
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THE PRODLEM OF INCREASING HUMAN ENERGY • 
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THE ONWARD MOVEMENT OF MAN - THE ENERGY OF THE : _. . ._ 
MOVEMENT ....,.. THE THREE WAYS OF INCREASING HUMAN ·.ENERGY 

Of all the endless variety of phenomena which nature pres~nts to · our senses, ihe~e 
"is none that fills our minds with greater wonder than that inconceivably comp1ex 
movement which, in its entirety, we designate as human life. Its mysteriOllS o.rigin is 
veiled in the forever impenetrable mist of the past, its character is rendered incom
prehensible by its infinite intricacy, and its destination is hidden in the unfathomable 
depths of the future. Whence does it come? What is it? Whither does it tend.? are 
the great questions which the sages of all times have endeavored to answer. 

Modern science says: The sun is the past, the earth is the present, the moon. ·is 
the future. Frpm an incandescent mass we have originated, and into a frozen mass 
we shall turn. Merciless is the law of nature, and rapidly and irresistibly we are drawn 
to our doom. Lord Kelvin, in his profound meditations, allows us only a short sp:in 
of life, something like six million years, after which time the sun's bright light will 
have ceased to shine, and its life-giving heat will have ebbed away, and our owp 
earth will be a lump of ice, hurrying on through the eternal night. But do not Jet \15 
despair. There will still be left on it a glimmering spark of life, and: there will be a 
chance to kindle a new fire on. some distant star. This wonderful possibility see~. 
indeed, to exist, judging from Professor Dewar's beautiful experiments with liquid 
air, which show that germs of organic life are not destroyed by cold, no matter how 
intense; consequently they may be transmitted through the interstellar space. Meanwhile 
the cheering lights of science and art, ever increasing in intensity, illuminate our path, 
and the marvels they disclose, and the enjoyments they offer, make us measurably 
forgetful of the gloomy future. · 

Though we may never be able to comprehend human life, we know certainly 
that it is a mo.vement, of whatever nature it be. The existence of a movement unavoidably 
implies a body which is being moved and a force which is moving it. Hence, wherever 
there is life, there is a mass moved by a force. All mass possesses inertin, all force 
tends to persist. Owing to this universal property and condition, a body, be it at rest 
or in motion, tends to remain in the same state, and a force, manifesting itself anywhere 
and through whatever cause, produces an equivalent opposing force, and as an absolute 
necessity of this it follows that every movement in nature must be rhythmical. Long 
ag;> this simple truth was dearly pointed out by Herbert Spencer, who arrived at it 
through a somewhat different process of reasoning. It is borne out in everything we 
perceive - in the movement of a planet, in the surging and ebbing of the tide, in 
the reverberations of the air, the swinging of a pendulum, the oscillations of an 
electric current, and in the infinitely varied phenomena of organic life. Does not the 
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whole of human life attest it? Birth, growth, old age, and death of an individual, 
family, race, or nation, what is it all but a rhythm? All life-manifestation, then, even 
in its most intricate form, as exemplified in man, however involved and inscrutable, 
is only a movement, to which the same general laws of movement which govern 
throughout the physical universe must be applicable. 

When w.c speak of man, we have a conception of humanity as a whole, and 
before applying scientific methods to the investigation of his movement, we must accept 
this as a physical fact. But can any one doubt to-day that all the millions of individuals 
and all innumerable types and charact~rs constitute an entirety, a unit? Though free to 

Note to Fig. 1. - This result is produced by the discharge of "n c:lcctrical oscillator si,·ing twel ve 
million volts. The electrical pressure, alternating one hundred thousand times per s<-cond. excites 
the normally inert nitrogen, causing it to combine with the oxygen. The flamc.Jike dischlrge 

shown in the photogr3ph measures sixty.five fect across. 

th ink and act, we are held together, like the stars in the firmament, with ties inseparable. 
These ties we cannot see, but we can feel them. I cut myself in the finger, and it pains 
me: this finger is a part of me. I see a friend hurt, and it hurts me, too: n1y friend 
an<l I are one. And now I see stricken down an enemy, a lump of matter which, of all 
the lumps of matter in the universe, I care least for, and still it grieves me. Does thi.s 
not prove that each of us is only a part of a whole? 

For ages this idea has been proclaimed in the consummately wise teachings of 
religion, probably not alone: as a means of insuring peace and harmony among men, 
but as a deeply founded truth. The Buddhist expresses it in one way, the Chr~ti.tn 
in another, but both say the same: W/e art all one. Mct:tphysical proofs are, however, 
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not the only ones whidt we are able to bring forth in · support of this idea. Science, 
too, recognizes this. connectedness of separate individuals, though not quite in the 
same sense as it admits that the suns,. planets, and moons of a constellation are one 
body, and there can be no_ doubt that it will Qe experimentally confirmed in- times .to 
come, when our means and methods for investigating physical and other states and 
phenomena shall have been brought to great perfection. Still more: this one human 
being lives on, and on. The individual is ephemeral, races and nations come and pass 
away, but man remains. Ther~in lies the profound difference betwee!l the individual 
and the whole. Therejn, too, is to bt; found the partial explanation of m!Uly of those 

. marvelous phenomena of heredity which are the result of countless centuries of feeble 
but persistent influence. . . . 

Conceive, then, man as a mass urged on by a force. Though this movement is 
not of a translatory character, implying change of place, yet the general laws of 
mechanical movement are applicable to it, and the energy associated with this mass 
can be measured, in accordance_ with well-known principles, by half the product of the 
mass with the square of a certain velocity. So, for instance, a cannon-ball which is at rest 
possesses a certain amount of energy in the form of heat, which we measure in a similar 
way. We imagine the ball to consist of innumerable minute particles, called atoms or 
molecules, which vibrate, or whirl around one another. We determine thei r masses and 
velocities, and from them the energy of each of these min1,1,te systems, and adding them all 
together, we get an idea of the total heat-energy contained in the ball, which is only 
seemingly at rest. In this p1,1rely theoretical estimate this energy may then be calculated by 
multiplying half of the total mass - that is, half of the sum of all the small masses 
- with the square. of a velocity which is. determined from the velocities of the separate 
particles. In like manner we may conceive of human energy being measured by half 
the human mass m·ultiplied with the square of a velocit}r which we are not yet able 
to compute. But our deficiency in this knowledge will not vitiate the truth of the 
deductions I shall draw, which rest on the firm basis that the same laws of mass and 
force govern throughout nature. 

M"an, however, is not an ordinary mass, consisting of spinning atoms and molecules, 
and containing merely heat-energy. He is a mass possessed of certain higher quali~es 
by reason of the creative principle of life with which he is· endowed. His mass, as· the 
·water in an ocean wave, is being continuously exchanged, new taking · the place of 
the old. Not only this, but he grows, propagates, and dies, thus altering his mass 
independently, both in bulk and density. What is most wonderful of all, he is capable 

, of increa.sing or diminishing his velocity of movement by the mysterious power he 
possesses of appropriating more or less eneq,ry from other substance, and turning it 
into motive energy. But in any given moment we may ignore these slow changes and 
assume that human energy is measured by half the product o.f man's mass with the 
square of a certain hypothetical velocity. However we may compute this velocity, and 
whatever we may take as the standard of its measure, we must, in harmony with this 
conception, come to the conclusion that the great problem of science is, and always 
will be, to increase the energy thus defined. Many years ago, stimulated by the perusal 
of that deeply interesting work, Draper's "History of the Intellectual Development 
of Europe," depicting so vividly human movement, I recognized that to solve this 
eternal problem must ever be the chief task of the man of science. Some results of 
my. own efforts to this end I shall endeavor briefly to describe here. 

Let, then, in diagram a, M represent the mass of man. This mass is impeHed in 
one direction by a force f, which is resisted by another partly frictional and -partly 
negative force R, acting in a direction exactly opposite, and retarding the movement 
of the mass. Such an antagonistic force is present in every movement, and must be 
taken into consideration. The difference between these two forces is the effective 
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force which imparts a v~locity V to the mass M in the direction of the arrow on the 
line representing the force f. In accordance with the preceding, the hwnan energy will 

·then .be ghnen by the product 7 MV2 = ~ MV X V, in which M is the total mass of 
man in the ordinary interpretation of the term "mass", and V is a certain hypothetical 

·velocity, which, in the present state of science, we are unable exactly to define and 
detenhine. To. increase the human energy is, · therefore, equivalent to increasing this 
product, and there -are, · as will readily be seen, only three ways possible to attain this 
result, which are illustrated in the diagram below. The .first way, shown in the top 
figure, is to increase the mass (as indicated by the dotted circle), leaving the two 
opposing forces the same. The second way is to reduce the retarding force R to a 
s1mller value r, leaving the mass and the impelling force the same, as diagrammatically 
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Diasram a. The three w~ys of increasing human energy. 

shown in the: middle figure. The third way, which is illustrated in the last figure, 
is to increase the impelling force f to a higher value F, while the mass and the retarding 
·force R remain unaltered. Evidently fixed limits exist as regards increase of mass and 
reduction of retarding force, but the impelling force can be increased indefinitely. 
Each of these ·.three possible solutions presents a different aspect of the main problem 
of increasing ·human energy, which · is thus divided into three distinct problems, to 
be successively considered . 

. 
. 

THE FIRST PROBLEM: HOW TO INCREASE THE HUMAN MASS - THE 
BURNING OF ATMOSPHERIC NITROGEN 

• 

Viewed generally, there are obviously two ways of increasing the mass of mankind: 
first, by aiding and maintaining those forces and conditions which tend to increase .it; 
and, second, by opposing and reducing those which tend to diminish it. The mass will 
be increased ~y careful attention to health, by substantial food, by moderation, by 
regularity of habits, by the promotion of marriage, by conscientious atte.ntion to the 
chilc¥eri, and, generally stated, by the observance of ~II the many precepts and ·Jaws 
of re}igion and hygiene. But in adding new mass to the old, three cases again present 
themselves. Either the mass added is of the same velocity as the old, or it is of a 
smaller or of a higher velocity. To gain an idea of the relative importance of these 

· cases, imagine a train composed of, say, one hundred locomotives running on a track, and 
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suppose that, to increas~ the energy of the moving mass, four more locomotiveS are 
added to the train. If these four move at the same velocity at-whidi the train is going, 
the total energy will be increased four per cent.; if they are moving at only one half 
of that velocity, the increase will amount to only one per cent.; if they are moving at 
twice th-lt velocity, the increase of energy will be sixteen per cent. This simple 
illustration shows that it is of the greatest importance to add mass of a higher velocity. 
Stated more to the point, if, for example, the children be of the same degree of 
enlightenment as the parents, - that is, mass of the "same velocity," - the energy 
will simply increase proportionately to the number added. If they are less intelligent, 
or advanced, or mass of "smaller velocity," there will be a very slight gain in the 
energy; but if they are further advanced, or mass of "higher veloci.ty," then the new 
generation will add very considerably to the sum total of human energy. Any addition 
of mass of "smaller velocity," beyond that indispensable amount re<)uired by the law 
expressed in the proverb, "Mens sana in corpore sane," should be strenuously opposed. 
For instance, the mere development of muscle, as aimed at· in some of our colleges, 
I consider equivalent to adding mass of "smaller velocity," and I would nqt commend 
it, although my views were different when ' I was a student myself. Moderate exercise, 
insuring the right balance between mind and body, and the highest efficiency of 
performance, is, of course, a prime requir~ent. The above example shows that the 
most important result to be attained is the 'education, or the increase of the "velocity," 
of the mass newly added. 

Conversely, it scarcely need be stated that everything that is against the teachings 
of religion and the laws of hygiene is tendipg to decrease the mass. Whisky, wine, tea, 
coffee, tobacco, and other such stimulants'. are responsible for the shortening of the 
lives·of many, and ought to be used with moderation. But I do not think that rigorous 
measures of suppression of habits followed through many generations are commendable. 
It is wiser to preach moderation than abstinence. We have become accustomed to these 
stimulants, and if such reforms are to be effected, they must be slow and gradual. 
Jbose who are devoting their energies to such ends could make themselves far more 
useful by turning their efforts in other directions, as, for instance, toward providing 
pure water. 

f or every person who perishes from the effects of a stimulant, at least a thousand 
die from the consequences of drinking impure water. This precious fluid, which daily 
infuses new life into us, is likewise the chief vehicle through which disease and 
death enter our bodies. The germs of destruction it conveys arc enemies all the more 
terrible as they perform their fatal work unperceived. They seal our doom while we 
live and enjoy. The majority ·of people are so ingnorant or careless in drinking water, 
and the consequences of this are so disastrous, that a philanthropist can scarcely use his 
efforts better than by endeavoring to enlighten those who are thus injuring themselves. 
By systematic purification and sterilization of the drinking-water the human mass would 
be very considerably increased. It should be made a rigid rule - which might be enforced 
by law - to boil or to sterilize otherwise the drinking-water in every household and 
public place. The mere filtering does not afford sufficient security against infection. 
All ice for internal uses should be artificially prepared from water thoroughly sterilized. 
The importance of eliminating germs of disease from the city water is generally 
recognized, but little is being done to improve the existing conditions, as no satisfactory 
method of sterilizing great quantities of water has as yet been brought forward. By 
improved electrical appliances we are now enabled to produce ozone che:1ply and in 
large amounts, and this ideal disinfectant seems to offer a happy solution of the 
important question. 

Gambling, business rush, and excitement, particularly on the exchanges, are causes 
of much mass-reduction, all the more so because the individuals concerned represent units 
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of higher value. Incapacity of observing the first symptoms of an illness, :md careless 
neglect of the same, are important factors of mortality. In noting carefully every new 
sign of approaching danger, and making conscientiously every possible effort to avert it, 
we are not only following wise laws of hygiene in the interest of our well-being 
and the success of our labors, but we are also complying with a higher moral duty. Every 
one should consider his body as a priceless gift from one whom he loves above all, 
as a marvelous work of art, of undescribable beauty and mastery beyond human 
conception, and so delicate and frail that a word, a breath, a look, nay, a thought, 
may injure it. Uncleanliness, which breeds disease and death, is not only a self-destructive 
but a highly immoral habit. In keeping our bodies free from infection, healthful, anJ 
pure, we are ~pressing our reverence for the high principle with which they are endowed. 
He who folJows the precepts of hygiene in this spirit is proving himself, so far, 
truly ~ligious. Laxity of morals is a terrible evil, which poisons both mind and body, 
and which is responsible for a great reduction of the human mass in some countries. 
Many of the present customs and tendencies are productive of similar hurtful results. 
For example, the society life, modern education anJ pursuits of women, tending to 
draw them away- from their household duties and make men out of them, must needs 
detract .from the elevating ideal they represent, diminish the artistic creative power, 
and cause sterility and a general weakening of the race. A thousand other evils might 
be mentioned, but all put together, in their bearing upon the problem under discussion, 
they would not equal a single one, the want of food, brought on by poverty, destitution, 
and famine. Millions of individuals die yearly for want of food, thus keeping down 
the: mass. Even in our enlightened communities, and notwithstanding the many charitable 
efforts, this is still, in all probability, the chief evil. I do not mean here absolute want 
of food, but want of healthful nutriment. 

How to provide good and plentiful food is, therefore, a most important question 
of the day. On general principles the raising of cattle as a means of providing food 
is objectionable, because, in the sense interpreted above, it must undoubtedly tend to 
the addition of mass of a "smaller velocity." It is certainly preferable to raise vegetables, 
and I think, therefore, that vegetarianism is .a commendable departure from the 
established barbarous habit. That we can subsist on plant food and perform our work 
even to advantage is not a theory, but a well-demonstrated fact. Many r:tces living 
almost exclusively on vegetables are of superior physique and strength. There is no 
doubt that some plant food, such as ootmeal, is more economical than meat, and 
superior to it in regard to both mechanical and mental performance. Sudl food, moreover, 
taxes our digestive organs decidedly less, and, in making us more contented and sociable, 
produces an amount of good difficult to estimate. In view of these facts every efEort 
should be made to stop the wanton and cruel slaughter of animals, which must be 
destructive to our morals. To free ourselves from anim:U instincts and appetites, which 
keep us down, we should begin at the very root from which they spring: we should 
effect a radical reform in the character of the food. 

There seems to be no philosophical necessity for food. We can conceive of 
organized beings living without nourishment, and deriving a:ll the energy they need for 
the performance of their life-functicns from the an1bient medium. In a crystal we have 
the clear evidence of the existence of a formative life-principle, and though we caruiot 
understand the life of a crystal, it is none the less a living being. There may be, 
besides crystals, other such individualized, material systems of bejngs, perhaps of gaseous 
constitution, or composed of substance still more tenuous. In view of this possibility,-
nay, probability, -we cannot :tpodictically deny the existence of organized beings on a 
planet merely because the conditions on the same are unsuitable for the existence of life 
as we conceive it. We cannot even, with positive assurance, assert that some of them might 
not be preseot here, in this our world, in the very midst of us, for their constitution 
and life-mapifestation may be such that we are unable to perceive them. 
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The production of artificial food as a means for causing an inctease of the human 
;nass naturally suggests itself, but a direct attempt of this kind to provide nourishment 
does not appear to me rational, at least not for the present. Whether we could thrive 
on such food is very doubtful. We are the result of ages of continuous adaptation, and 
we cannot radically change without. unforeseen and, in all probability, disastrous 
consequences. So uncertain an experiment should not be tried: By far the best way, 
it seems to me, to meet the ravages of the evil, would .be to find ways of increasing 
the productivity of the soil. With this object ·the preservation of forests is of an 
importance which cannot be overestimated, and in this connection, also, the utilization 
of water-power for purposes of electrical transmission, dispensing in many ways with 
the necessity of burning wood, and tending thereby to forest preservation, is to be 
strongly advocated. But there are limits in the improvement to be effected in this and 
similar ways. 

· To increase materially the productivity of the soil, it must be more effectively 
fertilized by artificial means. The question of food-production resolves itself, then, into 
the question how best to fertilize the soil. What it is that made the soil is still a 
mystery. To explain its origin is probably equivalent to explaining the origin of life 
itself. 'The rocks, disintegrated by moisture and heat and wind and weather, were in 
themselves not capable of maintaining life. Some unexplained condition arose, and some 
new principle came into effect, and the first layer capable of sustaining low organisms, 
like mosses, was formed. These, by their life and death, added more of the life·
sustaining quality to the soil, and higher organisms could then subsist, and 
so on and on, until at last highly developed plant and animal life could 
flourish. But though the theories are, even now, not in agreement as to how 
fertilization is effected, it is a fact, only too well ascertained, that the soil cannot 
indefinitely sustain life, and some way must be found to supply it with the substances 
which nave been abstracted from it by the pb.nts. The chief and most valuable among 
these substances are compoilnds of nitrogen, and the cheap product.ion of these is, 
therefore, the key for the solution of the all-important food problem. Our atmosphere 
contains. an inexhaustible amount of nitrogen, and could we but oxidize it and produce 
these compounds, an incalculable benefit for mankind would follow. 

Long ago this idea took a powerful hold on the imagination of scientific men, 
but an efficient means for accomplishing this result could not be devised. The problem 
was rendered extremely difficult by the extraordinary inertness of the nitrogen, which 
refuses to combine even with oxygen. But here electricity comes to our aid: the dormant 
affinities of the element are awakened by an electric current of the proper quality. As 
a lump of coal which has been in contact with oxygen for centuries without burning will 
combine with it when once ignited, so nitrogen, excited by electricity, will burn. I did 
not succeed, however, in producing electrical discharges exciting very effectively the 
atmospheric nitrogen until a comparatively recent date, although I showed, in May, 
1891, in a scientific lecture, a novel form of discharge or electrical flame named "St. 
Elmo's hotfire," .which, besides being capable of generating ozone in abundance, also 
possessed, as I pointed out on .that occasion, distinctly the quality of exciting chemical 
affinities. This discharge or flame was then only three or four inches long, its chemical 
action was likewise very feeble, and consequently the process of oxidation of the 
nitrogen was wasteful. How to intensify this action was the question. Evidently 
electric currents of a peculiar kind had to be produced in order to render the process 
of nitrogen combustion more efficient. 

The first advance was made in ascertaining that the chemical activity of the 
discharge was very considerably increased by using currents of extremely high frequency 
or rate of vibration. This was an important improvement, but practical considerations 
soon 5Ct a definite limit to the progress in this direction. Next, the effects of the 
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electrical pressure of the current impulses, of their wave-form and other characteristic 
features, were investigated. Then the influence of the atmospheric pressure and 
temperature and of the presence of water and other bodies was studied, and thus the 
best conditions for causing the most intense chemical action of the discharge and 
securing the highest efficiency of the process were gradually ascertained. N aturally, the 
improvements were not quick in coming; still, little by little, I advanced. The flame 
grew larger and larger, and its oxidizing action more and more intense. From an 
'insignificant brush-discharge a few inches long it developed into a marvelous electrical 
phenomenon, a roaring blaze, devouring the nitrogen of the atmosphere and measuring 
sixty or seventy feet across. Thus slowly, almost imperceptibly, possibility bec:unc 
accomplishment. All is not yet done, by any means, but to what a degree my efforts 
have been rewarded an idea may be gained from an inspection of Fig. 1, which, 
with its title, is self-explanatory. The flame-like discharge visible is produced by 
the intense electrical oscillations which pass through the coil shown, and violently agitate 
the electrified molecules of the air. By this means a strong affinity is created between 
the two normally indifferent constituents of the atmosphere, and they combine readily, 
even if no further provision is made for intensifying the chemical action of the discharge. 
In the manufacture of nitrogen compounds by this method, of course, every possible 
means bearing upon the intensity of this action and the efficiency. of the process will 
be taken advantage of, and, besides, special arrangements will be provided for the 
fixation of the compounds formed, as they are generally unstable, the nitrogen becoming 
again inert after a little lapse of time. Steam is a simple and effective means for hxing 
permanently the compounds. The result illustrated makes it practicable to oxidize the 
atmospheric nitrogen in unlimited quantities, merely by the use of cheap mechanical 
power and simple electrical apparatus. In this manner many compounds of nitrogen may 
be manufactured all over the world, at a small cost, and in any des ired amount, and 

·by means of these compounds the soil can be fertilized and its productiveness indefinitely 
increased. An abundance of cheap and healthful food, not artificial, but such as we 
are accustomed to, may thus be obtained. This new and inexhaustible source of food
supply will be of incalculable benefit to mankind, for it will enormously contribute 
to the increase of the human mass, and thus add immensely to human energy. Soon, 
I hope, the world will see the beginning of an industry which, in time to come, will. 
I believe, be in importance next to that of iron. 

THE SECOND PROBLEM: HOW TO REDUCE THE FORCE RETARDING THE 
HUMAN MASS- THE ART OF TELAUTOMATICS 

As before stated, the force which retards the onward movement of man is partly 
frictional and partly negative. To illustrate this distinction I may name, for example, 
ignoran~e, stupidity, and imbecility as some of the purely frictional forces, or resistances 
devoid of any directive tendency. On the other hand, visionariness, insanity, self
destructive tendency, religious fanaticism, and the like, are all forces of a negative 
character, acting in definite directions. To reduce or entirely to overcome these dissimilar 
retarding forces, radically different methods must be employed. One knows, for instance, 
what a fanatic may do, and one can take preventive measures; can enlighten, convince, 
and possibly direct him, turn his vice into virtue; but one does not know, and never 
can ·know, what a brute or an imbecile may do, and one must deal with h im as with 
a mass, inert, without mind, let loose by the mad elements. A negative force always 
implies some quality, not infrequently a high one, though badly di rected, which il 
is possible to turn to good advantage; but a directionless, frictional force involves 
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unavoidable loss. Evidently, then, the first and general answer to the above question 
is: turn all negative force in the right direction and reduce all frictional force. 

There can be no doubt that, of all the frictional resistances, the one that most retards 
' human movement is ignorance. Not without reason said that man of wisdom, Buddha: 

"Ignomqce is the greatest evil in the world." The friction which results from ignorance, 
and which is greatly increased owing to the numerous languages and nationalities, can 
be reduced only by the spread of knowledge and the unification of the heterogeneous 
clements of humanity. No effort could be better spent. But however ignorance may have 
retarded the onward movement of man in times past, it is certain that, nowadays, 
negative forces have become of greater importance. Among these there is one of far 
greater moment than any other. It is called organized warfare. When we consider the 
millions of individuals, often the ablest in mind and body, the flower of humanity, 
who arc compelled to a life of inactivity and unproductiveness, the immense sums of 
money daily required for the maintenance of armies and wac apparatus, representing 
ever so much of human energy, all the effort uselessly spent in the production of arn~ 
and implements of destruction, the loss of life and the fostering of a barbarous spirit, we 
arc appalled at the inestimable loss to mankind which the existence of these deplorable 
conditions must involve. What can we do to combat best this great evil? 

Law and order absolutely require the maintenance of organized force. No com
munity can exist and prosper without rigid discipline. Every country must be able to 
defend itself, should the necessity arise. The conditions of to-day ace not the result 
of yesterday, and a radical change cannot be effected to-morrow. If the nations would 
nt once disarm, it is more than likely that a state of things worse than war itself would 
follow. Universal peace is a beautiful dream, but not at once realizable . . We have seen 
recently that even the noble effort of rhc man invested with the greatest worldly power 
has lx~n virtually without effect. And no wonder, for the establishment of uni\'ersa! 
peace is, for the time being, a physical impossibility. War is a negative force, and 
cannot be turned in a positive direction without passing through the intermediate 
phases. I t is the problem of making a wheel, rotating o~e way, turn in the opposite 
direction without slowing it down, stopping it, and speeding it up again the other way. 

It has been argued that the · perft.ction of guns of great destructive power will 
stop warfare. So I myself thought for a long tim:, but now I believe: this to be a 
profound mistake. Such developments will greatly modify, but not arrest it. On the 
contrary, I think that every new arm that is invented, every new departure that is 
made in this direction, merely invites new talent and skilJ, engages new effort, offers 
a new incentive, and so only gives a fresh impetus to further development. Think of 
the discovery of gunpowder. Can we conceive of any more radical departure than was 
effected by this innovation? let us imagine oursel"es living in that period: would we not 
have thought then that warfare was at an end, when the armor of the knight became 
an object of ridicule, when bodily stength and skill, meaning so much before, became 
of comparatively little value? Yet gunpowder did not stop warfare; quite the opposite
it acted as a most powerful incentive. Nor do I believe that warfare can ever be 
arrested by any scientific or ideal development, so long as similar conditions to those 
now prevailing exist, because war has itself become a science, and because war involves 
some of the most sacred sentiments of which man is capable. In fact, it is doubtful 
whether men who would not be ready to fight for :\ high principle would be good 
for anything at all. It is not the mind which makes man, nor is it the body; it is mind 
and body. Our virtues and our failings arc inseparable, like force and matter. When 
they sep~mte, man is no more. 

Another argument, which carries considerable force, is frequently made, namely, 
that war must soon become impossible because the means of defense: are outstripping 
the means of attack. This is only in accordance with a fundamental law which may 
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be expressed by the statement that it is easier to destroy than to build. This law defines 
human capacities and human conditions. Were these such that it would be easier to 
build than to destroy, man would go on unresisted, creating and accumulating without 
limit. Such conditions are not of this earth. A being which could do this would not 
be a man; it might be a god. Defense will always have the advantage over attack, but 
this alone, it seems to me, can never stop war. By the use of new principles of defense 
we can render harbors impregnable against attack, but we cannot by such means prevent 
two war-ships meeting in battle on the high sea. And then, if we follow this islea to 
its ultimate developmeqt, we are led to the conclusion that it would be better for 
mankind if attack and defense were just oppositely related: for if every country, even the 
smallest, could surround itself with a wall absolutely impenetrable, and could defy 
the rest of the world, a 9tate of things would surely be brought on which would be 
extremely unfavorable to human progress. It is by abolishing all the barriers which 
separate. nations and countries that civilization is best furthered. 

Again, it ·is contended by some that the advent of the flying-machine must bring 
on universal peace. This, too, I believe to be an entirely erroneous view. The flying
machine is certainly coming, and very soon, but the conditions will remain the same 
as befote. In fact, I see no reason why a ruling power, like Great Britain, might not 
govern the air as well as the sea. Without wishing to put myself on record as a prophet, 
I do not hesitate to say that the next years will see the establishment of an "air-power," 
and its center may not be far from New York. But, for all that, men will fight on 
merrily. · . 

The ideal development of the war prin~iple would ultimately lead to the 
transformation of the whole energy of war into purely potential, explosive energy, like 
that of an electrical condenser. In this form .the war-energy could be maintained without 
effort; it would need to be much smaller in amount, while incomparably more effective. 

As regards the security of a country against foreign invasion, it is interesting to 
note that it depends only on the relative, and not on the absolute, number of the 
individuals or magnitude of the forces, and that, if every country should reduce the 
war-force in the same ratio, the security would remain unaltered. An international 
agreement with the object of reducing .to a minimum the war-force which, in view of the 
present still imf)erfect education of the masses, is absolutely indispensable, would, 
therefore, s·eem to be the first rational step to take .toward diminishing the force retarding 
human movement. 

Fortunately, the existing conditions cannot continue indefinitely, for a new element 
is beginning to assert itself. A change for the 'better is imminent, and I shall now 
endeavor to show what, according to my ideas, will be the first advance toward the 
establishment of peaceful relations between nations, and by what means it will eventually 
be accomplished. 

Let us go back to the early beginning, when the law of the stronger was the only 
law. The light of reason was not yet kindled, and the weak was entirely at the mercy 
of the strong. The weak individual th~ began to learn how to defend himself. He 
made use of a club, stone, spear. sling, or bow and arrow, and in the course of time, 
instead of physical strength, intelligence became the ch~ef deciding factor in the battle. 
The wild character was gradually softened by the awakening of noble sentiments, and 
so, imperceptibly, after ages of continued progress, we have come from the brutal fight 
of the unreasoning animal to what we call the "civilized warfare" of to-day, in which 
the combatants shake hands, talk in a friendly way, and smoke cigars in the entr-actes, 
ready to engage again in deadly conflict at a signal. Let pessimists say what they like, here 
is an absolute evidence of great and gratifying advance. . 

But now, what is the next phase in this evolution? Not peace as yet, by any 
means. The next change which should naturally follow from modern developments 



Fil;. 2. TH£ FIRST PRACTICAL TELAUTO.MATON. 

A machine h2vins all its bodily or translatory movements and the operations of the interior 
meclunisn> controlled from a dist2nce without wires. The crewless boat shown in tht photoguph 
cont:~ins its own motive power, propelling~ ~d steerins·m::lchinery, and nun1erous other ~ccessories, 
all of which are controlled by transmitting from a distance, without wires, electrical oscillation; 

to a circuit carried by the bo1t and adjusted to respond only to tht-sc oscillations. 
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. should be the continuoUs diminution of the number of individuals engaged in battle. 
The apparatus will be one of specifically great power, but only a few individuals 
will be required .to operate it. This evolution will bring more and more into prominence 
a macll..ine or mechanism with the fewest individuals as an element of warfare, and the 
absolutely unavoidable consequence of this will be the abandonment of large, clumsy, 
slowly moving, and unmanageabfe units. Greatest possible speed and maximum rate of 
energy-delivery by the war apparatus will be the main object. The loss of life will become 
smaller and smaller, and finally, the number of the individuals continuously diminishing, 
merely machines will meet in a contest without bloodshed, the nations being simply 
interested, ambitious specta.tors. When this happy condition is realized, peace will be 
assured. But, no matter to what degree of perfection rapid-fire guns, high-power 
cannon, explosive projectiles, torpedo-boats, or other implements of war may be brought, 
no matter how destructive they may be made, that condition can never be reached .through 
any such development. All such implements require men for their operation; men are 
indispensable parts of the machinery. Their ,object is to kill and to destroy. Their power 
resides in their capacity for doing evil. So long as men meet in battle, there will be 
bloodshed. Bloodshed will ever keep up barbarous passion. To break this fierce spirit, 
a radical departure must be made, an entirely new principle must be introduced, 
something that never existed before in warfare - a: principle which will forcibly, 
unavoidably, turn the bruttle into a mere spectacle, a play, a contest without loss of blood. 
To bring on this result men must be dispeMed with: machine must fight machine. 
But how accomplish that which seems impossible? The answer is simple enough: 
produce a machine capable of acting as though it were part of a human being - no mere 
mechanical contrivance, comprising levers, screws, wheels, clutches, and nothing more, 
but a machine embodying a higher principle, which will enable it to perform its duties 
as though it had intelligence, experience, reason, judgment, a mind! This conclusion 
is the resulf of my thoughts and observations which have extended through virtually 
my whole life, and I shall now briefly describe how I came to accomplish that which 
at first seemed an unrealizable dream. 

· A long time ago, when I was a boy, I was afflicted with a singular trouble, which 
seems to have been due to an extraordinary excitability of the retina. It was the 
appearance of images which, by .their persistence, marred the vision of real objects and 
interfered with thought. When a word was said to me, the image of the object which 
it designated would appear vividly before my eyes, and many times it was impossible 
for me to tell whether the object I saw was real or not. This caused me great discomfort 
and anxiety, and I tried hard to free myself of the spell. But for a long time I tried in 
vain, and it was not, as I still clearly H:collect, until I was about twelve years old that 
I succeeded for the first time, by an- effort of the will, in banishing an image which 
presented itself. My happiness will never be as complete as it was then, but, unfortunately 
(as I thought at that time), the old trouble returned, and with it my anxiety. Here 
it was that the observations to which I refer began. I noted, namely, that whenever 
the image of an object appeared before my eyes I had seen something which reminded 
me of it. In the first instances I though~ this to be purely accidental, but soon 
I convinced myself that it was not oo. A visual impression, consciously or unconsciously 
received, invariably preceded the appearance of the image. Gradually the desire arose in 
me to find out, every time, what caused the images to appear, and the satisfaction of 
this des_ire soon .became a necessity. The next observation I made was that, just as 
these images followed as a · resv.lt of something I had seen, so. also the .thoughts which 
I conceived were suggested in like manner. Again" I experienced the same desire to 
locate the image which caused the thought, and this search for the original visual 
impression soon grew to be a second nature. My mind became automatic, as it were, and 
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Fis. 3. EXPERThiENT TO ILLUSTRATE THE SUPPLYING OF ELECTRICAL ENERGY 
THROUGH A SINGLE WIRE WITHOUT RETURN. 

An ordinary incand<.-scent lrunJ., connected with one or both of its tc:rmin:tls to the: wire formin~ 
the upper fr<:<: md of the coil shown ;n the photogmph, is lighted by electrical vibrotiuns 
convcrc-d to it through the coil from on electrical oscillator, which is worh-d only tu one fifth of 

one (><:r cent of its full capacity. 
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in .the course of years of continued, almost unconscious performance, I acquired the 
ability of . lo-:ating every time and, as a rule, instantly the visual impression which 
started the thought. Nor is this all. It was not long before I was aware that · also all 
my movements were prompted in the same way, and so, searching, ob5~rving, and 
verifying continuously, year after year, I have, by every thought and every 
~.ct of mine, demonstrated, and do so daily, to my absolute satisfaction, that 1 am 
an automaton endowed with power of movement, which merely responds to external 
stimUli beating upon my sense organs, and thinks and acts and moves accordingly. 
I remember only one or two cases in all my life in which I was unable to locate the 
first impression which prompted a movement or a thought, or even a dream. 

With these experiences it was only natural that, long ago, I conceived the idea 
of constructing an automaton which would mechanically represent me, and which would 
respond, as I do myself, but, of course, in a much more primitive manner, to extern~) 
influences. Such an automaton evidently had to have m::>tive power, organs for 
lco:omotion, dir.tctive organs, and one or more sensitive organs so adapted as to be 
excited by external stimuli. This machine would, I reasoned, perform its movements in 
the manner of a living lxing, for it would have all .the chic( mechanical chamcteristics 
or elements of the same. TI1ere was still the capacity for growth, propagation, and, 
above all, the mind which would be wanting to make the meo::lcl complete. But growth 
was not necessary in this case, since a machine could be manufactured full·grown, so 
to speak. As to the capacity for propagation, it could likewise be left out of consideratie•n, 
for in the mechanical model it merely signified a. process of manufacture. Whether 
the automaton be of flesh and bone, or of wood and steel, it mattered little, provided 
it could perform all the duties required of it like an intelligent being. To do so, it had 
to have an element corresponding to the mind, which would effect the control of all its 
movements and operations, and cause it to act, in any unfores:en case that might present 
itself, with knowledge, reason, judgment, and experience. But this element I could easil>· 
embody in it by conveying to it my own intelligence, my own understanding. So this 
invention was evolved, and so a new ·art came into existence, for which the nnmc 
"telautomatics" has been suggested, which means the art of controlling the movements 
and operations of distant automatons. 

. 
This principle evidently was applicable to any kind of machine thnt moves on 

land or in the water or in the air. · In applying it practically for the first time, I selected 
a boat (see Fig. 2) . A storage battery placed within it furnished the motive power. 
The propeller, driven by a mCI' or, represented the locomotive or.t:ans. The rudder, 
controlled by another motor likewise driven by the battery, took the place of the direct ive 
organs. As to the sensitive organ, obviously the fi rs-t thought was to uti lize a device 
responsive to rays of li~ht, like a selenium cell, to represent the human eye. But upon 
closer inquiry I found that, owing to experimental and other difficulties, no thoroughly 
satisfactory control of the automaton could be effected by light, radiant heat, Hertzian 
radiations, or by rays in general, that is, disturbances which pass in straight lines throu.Qh 
space. One of the reasons was that any obstacle coming between the operator and the 
distant automaton would place it beyond his control. Another reason was that the sensitive 
device representing the eye would have to be in a definite position with respect to the 
distant controlling apparatus, and this necessity would impose great limitations in the 
control. Still another and very important reason was that, in us ing rays, it would be diffi
cult, if not impossible, to give to the automaton individual featu res or characteristics 
distinguishing it from other machines of this kind. Evidently the automaton should 
respond only to an individual call, as a person responds tb a name. Such considerations led 
me to conclude that the sensitive device of the machine should correspond to the ear rather 
than to the eye of a human being, for in this case its actions could be controlleci 
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irrespective of intervening obstacles, regardless of its pos1tton relati\'e to the distant 
controlling apparatus, and, last, but not least, it would remain deaf and unresponsive, 
like a faithfu l servant, to all calls buL 
that of its master. These reguirements 

· made it imperative to usc, in the 
control of the automaton, instead o f 
light - or other rays, waves or 
disturbances which propa~;ate in all 
directions th rough space, l ike sound, 
or which follow a path of least res· 
istance, however curved. I attained the 
result aimed at by means of an electric 
circuit placed within the boat, and adju· 
sted, or " tuned", exactly to electrical 
vibrations of the proper kind transmitted 
to it from a distant "electrical oscillator." 
This circuit, in responding, however 
feebly, to the transmitted vibrations, 
affected magnets and other contri,•ances, 
through the medium of which were 
controlled the movements of the 
propeller and rudder, and also the 
operations of numerous other appliances. 

By the simple means described the 
knowledge, experience, judgment 
the mind, so to speak - of the distant 
operator were embodied in that mach
inc, which was · thus enabled to move 
and to perform all its operations with 
reason and intelligence. It behaved 
just l ike a blindfolded person obeying 
d irections received through the ear. 

I • J. l" • 

Fis. 4. EX PERIMENT TO ILLUSTRATE TH E 
TRANSMISSION OF ELECTRICAL ENERGY 
T HROU G H T ilE EAR'J'f-1 \X' ITI IOliT W IRE. 
The coi l shown in the phc.,t<),!-:rn.r>h h~ts its lowc:r 
end or terminal connenc.·.J to till; t:round. :md 
is exoctl y att uned to the ,·ihration$ of :t , Ji stant 
ek'<:trical oscillator. T he:: lamp lit: htt·J IS tn at: 
ind~pendent wi re loor . cner."izcd br induction 
from the coi l excited by the dc<·triral 'ibrotions 
transmi tted to it through the srounJ from the 
osd llator, which is work, .. ! onlr to five per 

cent. of its full capacity. 

The autc-matons so far constructed 
had "borrowed minds," so to speak, 
as each merely formed part o f the 
distant operato r who conveyed to it 
his intelligent orders; but this art is 
only in the beginning. I purpose to 
show that, however imposs.ible it may 
now scoem, an automaton may be contri
ved which will haYe its "own mind,·· 
and by this I mean that it will be able, 
independent of any operator, left 
entirely to itself, to perfo rm, in res
ponse to extern:tl influences affecting 
its sensitive organs, a g reat variety of acts and operations as if it had intelligence. 
It will be able to follow a course laid out or to obey orders given fa r in advance; it 
wi ll be capable of distinguishing between wh3t it ought :tnd what it ought not to do, 
and of making experiences or, otherwise stated, of recording impressions which will 
defin itely affect its subsequent actions. In fact, I h ,t\'e already conceived such a plan. 

Although I e'·olved this in,•ention many years ago and explain~d it to my VISitOrs 
very frequently in my laboratory demonstrations, it was not until much later, long 



A· nt 

after 1 had perfected it, that it became known, when, natura lly enout;h, it g~vc ri~·~ to 
much discussion and to sensational reports. But the true s1gn1f1Cance of th1s new art 
w~s not gr~sped by the majority, n~r was the great f<)rce of the undcrl)'ing principle 
recognized. As nearly as I could Judge from the numerous comments wh1ch then 

Fis. 5. PHOTOGRAPHIC VIEW OF COILS RESPONDING TO ELECTRICAL OSCILLATIONS. 
111c: pkturc shows a number <Jf coils, Jiffc.:rcntly :~ttun(.:d :1nJ rt.~$pundins to the vibrations transnl ittl:J 
to them through the earth fro1n an c:k·ctrical oscillator. The b rgc coil on thc ri!:ht, Jisdur,gins 
strongly, is tum.--d to the fundamental vibration, which is fift>' thousanJ JX:r stroud; thc twu l:tr~<.:r 
vertical coils to twice that number; the smaller white wire coil to four timt-s that munlx:r, :1oJ 
the remaining small coils to hishcr tones. The vibrations produced br the oscilbtor were 

so intense that they affected pcrcccptibly a small coil tuned to the twenty-sixth hi~;hcr tone. 

appeared, the results I had obtained were considered ~s entirely impossible. E,•cn the 
few who were disposed to admit the practic~bilit)' of the invention saw in it mcrc:ly 
an automobile torpedo, which was to be used for the purpose of blowing up Jnttle
ships, with doubtful success. The general impression was that I contemplated simpl)• 
the steering of such a vessel by means of Hertzian or other rays. There :ue torpedoes 

·steered electrically by wir.es, and there are means of communicating without wires, and 
the above was, of course, an obvious inference. Had I accomplished nothing more 
than this, I should have made a small advance indeed. But the art I have evolved does 
not contemplate merely .the change of direction of a moving vessel; it affords a mc~ns 
of absolutely controlling, in every respect, all the innumerable transbtory movements:, 
as well as the operations of all the intemal organs, no matter how many, of ~n 
individualized automaton. Criticisms to the effec;t that the control of the au tomaton 
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could be interfered with were made by people who do not even dream of the wonderful 
results which can be accomplished by the use of electrical vibrations. Tl~e world moves 
slowly, and new truths arc difficult to see. Certainly, by the use. of th1s pnnople, an 
arm for attack as well as defense may be p rov1ded, of a dcstmctlveness all the gr<:ater 
as the principle is applicable to submarine and aerial vessels. There is virtually no 

Fig . 6. PHOTOGRAPHIC VIEW OF THE ESSENTIAL PA!tTS OF THE ELECTRICAL 
OSCILLATOR USED IN THE EXPERIME!'\TS DESCRIBED. 

rcstnctlon as to the amount of explosive it can carry, or as to -the distance at which 
it can st rike, and failure is almost impossible. But the force of this new principle does 
not wholly reside in its destructiveness. Its advent in troduces into warfare an element 
which never existed before - a fighting-machine wi thout men as a mc':lns of aUack 
and defense. The continuous development in th is di rection must ultimately m:J.ke war 
a mere contest of machines without men and without loss of li fe - a cond ition which 
would have been impossible without this new departure, and whid1, in my opinion, 
must be reached as preliminary to permanent peace. The future will either bear out 
or disp rove these views. My ideas on this subject have been put forth with deep 
conviction, but in a humble spirit. 

The establishment of permanent peaceful relat ions between nations would most 
effectively reduce the force retard ing the human mass, and would be the best solution 
of th is g reat human problem. But wi ll the dream of universal p~ace ever be realized ? 
Let us hope that it will. When all darkness shall be d issipated by the light of science, 
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when all nations shall be merged into one, and patnotlsan shall be identical with 
religion, when there shall be one language, one country, one end, then the dream will 
have become reality. 

THE THIRD PROBLEM: I-10\'V' TO INCREASE THE fORCE ACCELERATING 
THE HUMAN MASS - THE HARNESSING Of THE SUN'S ENERGY 

Of the th ree possible solutions of the main problem of increasing human energy, 
this is by far the most important to consider, not only because of its intrinsic significance, 
but also because of its intimate bearing on all the many elements and conditions which 
determine the movement of humanity.. In order to proceed systematically, it would be 
necessary for me to dwell on all those considerations which have guided me from 
the outset in my efforts to arrive at a solution, and which have led me, step by step, 
to the results I shall now describe. As 1 preliminary study of the problem an analytical 

Fig. 7. EXPERIMENT TO ILLUSTRATE AN INDUCTIVE EFFECT OF AN ELECTRICAL 
OSCILLATOR OF GREAT POWER. 

The photograph shows three ordinary incanJcscent lamps lig hted to full candle.powcr by currents 
induced in a local loop consisting of a single wire forming a square of fifty fttt each side, which 
includes the lamps, and which is at a distance of one hundred feet from the primary circuit energized 
by the oscillator. The loop likewise include-s an electrical condenser, and is ex..ctly attuned to 
the vibrations of the oscillator, which is worked at less than five per cent. of its total capacity. 

investigation, such as I have made, of the chief forces which determine the onw:ud 
movement, would be of advantage, particularly in conveying an idea of that hypothetical 
"velocity" which, as explained in the beginning, is a measure of human energy; but 
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to deal with this specifically here, as I would desire, would lead me far beyond the 
scope of the present s-ubject. Suffice it to state that the resultant of all these forces is 
always. in the direction of reason, which, therefore, determines, at any time, the di rection 
of human movement. This is to say that every effort which is scientifically applied, 
rationa l, useful, or practical, must be in the direction in which the mass is moving. 
The practical, rational man, the observer, the man of busine$, he who reasons, 
calculates, or determines in advance, carefully applies his effort so that when coming 
into effect it will be in the direction of the movement, making it thus most efficient, 
and in this knowledge and ability lies the secret of his success. Every new fact discovered. 
every new expenence or new element added to our knawledge and entering into the 

Note to Fig. S. - The coil, p:1rtly sho"'n in the photogr:1ph, cre.1tes .1n :1hern:u ivc movement 
of electricity from the earth into a large reservoir ~nd back at the rate of one hundred thousand 
alternations per second. The adjustments are such that the reservoi r is filled full and bursts at each 
alternation just at the moment when the electrical pressure reaches the maximum. The discharge 
escapes with a deafening noise, striking an unconnected coil rwenty-two feet aw•y, and creating 
such a comotion of . electricity in the earth that sparks an inch long can be drawn from a w•ter· 

main at a distance of three hundred feet from the laboratory . 

. 
domain of reason, affects the same and, therefore, changes the direction of the movement, 
which, however, must always take place a long .the resultant of all those ·efforts which, 
at that time, we designate as reasonable, that is, self-preserving, useful, profit3ble, or 
practical. These efforts concern our daily life, our necessities and comforts, our work 
and ~usiness, and it is these which drive man onward. 
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But looking at all this busy world about us, on all this complex mass as it daily 
throbs and moves, what is it but an immense clod:work driven by a spring? In the 
morning, when we rise, we cannot fail to note that all the objects about us are 
manufactured by machinery: the water we usc is lifted by steam-power; the trains 
bring our breakfast from distant locnlities; the elevators in our dwelling ~nd in our 
office building, the cars that carry us there, are all driven by power; in all our daily 
errands, and in our very life-pursuit, we depend upon it; all the objects we see 
tell us of it; and when we return to our machine-made dwelling at night, lest we 
should forget it, all the material comforts of our home, our cheering stove and lamp, 
remind us how much we depend on power. And when there is an accidental stoppage 
of the machinery, when the city is snow-bound, or the life-sustaining movement 
otherwise temporarily arrested, we arc affrighted to realize how impossible it would 
be for us to Jive the life we live without motive power. Motive power means WO!:k. 
To incre11Se the force accelerating human movement means, therefore, to perform 
more work. 

So we find that the three possible solutions of the great problem of increasing 
human energy are answered by the three words: food, ptace, work. Many a year I have 
thought and pondered, lost myself in speculations and theories, considering man as 
a mass moved by a force, viewing his inexplicable movement in the light of a mechanical 
one, and applying the simple principles of mechanics to the analysis of the same until 
I arrived at these solutions, only to realize that they were taught to me in my early 
childhood. These three words sound the key-notes of the Christian religion. Their 
scientific meaning and purpose are now clear .to me: food to incrcas.e the masst peace 
to diminish the retarding force, and work to increase the force accelerating human 
movement. These are the only three solutions which are possible of that great problem, 
and all of them have one object, one end, namely, to increase human energy. When 
we recognize this, we cannot help wondering how profoundly wise and scientific and 
how immensely practical the Ouistian religion is, and in what a marked contrast it 
stands in this respect to other religions. It is unmistakably the result of practical 
experiment and scientific observation which have extended through ages, while other 
religions seem to be the outcome of merely abstract reasoning. Work, untiring effort, 
useful and accumulative, with periods of rest and recuperation aiming at higher 
efficiency, is its chief and ever-recurring command. Thus we arc inspired both by 
Christianity and Science to do our utmos.t toward increasing the performance of 
mankind. This most iniportant of human problems I shall now specifically consider. 

THE SOURCE OF HUMAN ENERGY - THE TiiREE \VA YS OF ORA WING 
ENERGY FROM TiiE SUN 

First let us ask: Whence comes all the motive power? What is the spring that 
drives all? We see the ocean rise and fall, the rivers flow, the wind, rain, hail, and 
snow beat on our windows, .the trnins and steamers come and go; we he~u the rattling 
noise of carriages, the voices from the street; we feel, smell, and taste; and we think 
of all this. And all this movement from the surging of the mighty ocean to that subtle 
movement concerned in our .thought, has but one common cause. All this energy 
emanates from one single center, one single source - the SUll. The sun is the spring 
that drives all. The sun maintains all human life and supplies all human energy. 
Another answer we have now found to the above great question: To increase the force 
accelerating human movement means to turn to .the uses of man more of the sAm's 
energy. We honor and revere those great men of bygone times whose names arc linked 
with immortal achievements, who have proved themselves benefactors of humanity 
- the religious reformer with his wise maxims of life, the philosopher with his deep 



Fig. 9. EXPERIMENT TO ILLUSTRATE THE CAPACITY OF THE OSCILLATOR FOR 
CREATING A GREAT ELECTRICAL MOVEMENT. 

The ball shown in the photograph, covered with a polished metallic coating of twenty square 
feet of surface, represents a large reservoir of electricity, and the inverted tin pan underneath, with 
a sharp rim, a bis opening through which tbe electricity can escape before filling the reservoir. 
The quantity of electricity set in movement is so great that, although most of it escapes through 
the rim of the pan or opening provided, the ball or reservoir is nevertheless alternltely emptied 
and filled to overflowing (as is evident from the discharge escaping on the top of the ball) one 

hundred and fifty thousand times per second. 

50, Nikola Testa 
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truths, the mathematician with his formulae, the physicist with his laws, the discoverer 
with his. principles and secrets wrested from nature, the artist with his forms of the 
beautiful; but who honors him, the greatest of all, - who can tell the name of him, 
-who first .turned to use the sun's energy to save the effort of a weak fellow-creature? 
That was man's first act of scientific philanthropy, and its consequences have been 
incalculable. · 

From .the very beginning three ways of drawing energy from the sun were open 
to man. The savage, when he warmed his f rozen limbs at a f ire kindled in some way, 
availed himself of the energy of the sun stored in the burning material. When he 
carried a bundle of branches to his cave and burned them there, he made use of the sun's 
stored energy transported from one to another locality. When he set sail to his 
canoe, he utilized the energy of the sun supplied to the atmosphere or ambient medium. 
There can be no doubt that the first is the oldest way. A fi re; found accidentally, 
taught the savage to appreciate its beneficial heat. He then very likely conceived the idea 
of the carrying the glowing embers to his abode. Finally he learned to use the force of a 
swift current of water or air. lt is characteristic of modern development that progress has 
been effected in the same order. The utilization of the energy stored in wood or coal, 
or, generally speaking, fuel, Jed to the steam-engine. Next a great stride in advance 
was made in energy-transportation by the use of electricity, which permitted the transfer 
of energy from one locality to another without transporting the material. But as to the 
utilization of the energy of the ambient medium, no radical step forward has as yet 
been made known. 

The ultimate rCSlllts of development in these three directions arc: first, the burning 
of coal by a cold process in a battery; second, the efficient utilization of .the errergy 
of the ambient medium; and, third, the transmission without wires of electrical energy 
to any distance. In whatever way these results may be arrived at, their practical applicatioo 
will necessarily involve an extensive use of iron, and this invaluable metal will 
undoubtedly be an essential element in the further development along thes'!e three Jines. 
If we succeed in burning coal by a cold process and thus obtaining electrical energy 
in an dficient and inexpensive manner, we shall require in many practical uses of 
this energy electric motors - that is, iron. If we are successful in deriving energy 
from the ambient medium, we shall need, both in the obtainment and utilization of 
the energy, machinery - again, iron. If we realize the transmis;sion of electrical energy 
without wires on an industrial scale, we shall be compelled to use extensively electric 
generators - once more, iron. Whatever we may do, iron will probably be the chid 
means of accomplishment in the near future, possibly more so than in the past. How 
long its reign will last is difficult to tdl, for even now aluminium is looming up as 
a threatening competitor. But for the time being, next to providing new resources- of 
energy, it is of the greatest importance to make improvements in the manufacture and 
utilization of iron. Great advances are possible in these latter directions, which, if brought 
about, would enormously increase the useful performance of mankind. 

GREAT POSSIBILITIES OFFERED BY IRON FOR INCREASING HUMAN 
PERFORMANCE- ENORMOUS W ASTE IN IRON MANUFACTURE 

Iron. is by far the ·most important factor in modem progress. It contributes more 
than any o.ther industrial product to the force accelerating human movement. So 
general is the use of this metal, and so intimately is it connected with all that concerns 
our life, that it has become as indispensable to us as the very air we breathe. Its name 
is synonymous with . US\efulness. But, however great the influence of iron may be on 
the present human development, it does not add to the force urging man onward nearly 
as much as it might. First of all, its manufacture as now carried on is connected witll 



Fig. 10. PHOTOGRAPHIC VIEW OF AN liXPERIMENT TO ILLUSTRATE AN CFFECI' 
OF AN ELECfRICAL OSCILLATOR DELIVERING ENERGY AT A RATE OF SEVENTY-fiVE 

THOUSAND HORSE-POWER. 

The discharge, creating a strong draft owing to the heating of the air, is carried upward through 
the open roof of tht building. The greatest width across is nearly seventy feet. The pressure is 
over twelve million volls, nnd the current alternatt:S one hundred and thirty thousand times 

per second. 

50* 
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an appalling waste of fuel - that is, waste of energy. Then, again, only a pact of 
all the iron produced is applied for useful purposes. A good part of it goesi t01 create 
frictional resistances, while still another large part is the means of developing negative 
forces greatly retarding human movement. Thus the negative force of war is almost 
wholly represented in iron. It is impossible to estimate with any degree of .accuracy 
the magnitude of this grCOttest of all retarding forces, but it is certainly very con
siderable. If the present positive impelling force due to all useful applications of iron 
be represented by ten, for instance, I should not think it exaggeration to estimate the 
negative force of war, with due consideration of all it$j retarding influences and 
results, at, say, six. On the basis of this estimate the effective impelling force of iron 
in the positive direction would be meas~red by the difference of these two numbers, 
which is four. But if, through the establishment of universal peace, the manufacture 
of war machinery should ceaS.C, and all struggle for supremacy between nations should 
be turned into healthful, ever active and productive commercial competition, then the 
positive impelling force due to iron would be measured by the sum of those two 
numbers, which is sixteen - that is, this force would have four times its present value. 
This example is, of course, merely intended to give an idea of the immense increase 
in the usdul performance of mankind which would result from a radical reform of 
the iron industries supplying the implements of warfare. 

A similar inestimable advantage in the saving of energy available to man would 
be secur.ed by" obviating the great waste of coal which is inseparably connected with 
the pres-ent methods of manufacturing iron. In some countries, as in Great Britain, 
the hurtful effects of this squandering of fuel are beginning to be felt. The price of 
coal is constantly rising, and the poor are made to suffer more and more. Though we 
are still far from the dreaded "exhaustion of the coal_-fields", philanthropy commands 
us to· invent novel methods of manuf:)cturing iron, which will not involve such 
barbarol1S waste of this valuable material from which we derive at present moS!t of our 
energy. It is our duty to coming generations to leave this store of energy intact for 
them, or at l~t not to touch it until we shall have perfected processes for burning 
coal more ef(idently. Those who are to come after us will need fuel more than we 
do. We should be able to manufacture the iron we require by using the sun's; energy, 
without wasting any coal at all. As an effort to this end the idea of smelting iron ores 
by electric currents obtained from the energy of falling water has naturally suggested 
itself to many. I have myself spent much time in endeavoring to evolve such a practical 
process, which would enable iron to be manufactured at small cost. After a prolonged 
investigation of the subject, finding that it was unprofitable to use .the currents 
generated directly for smelting the ore, I devised a method which is far more 
economical. 

ECONOMICAL PRODUCTION OF IRON BY A NEW PROCESS 

The indus.trial project, as I worked it out six years ago, contemplated the employment 
of the electric ci.lrrents derived from the energy of a waterfall, not directly for smelting 
the ore, but for decomposing water, as. a preliminary step. To lessen the cost of the 
plant, I proposed to generate the currents in exceptionally cheap and simple dynamos, 
which I designed for this sole purpose. The hydrogen liberated in the eleatrolyti.: 
decomposition was to be burned or recombined with oxygen, not with that from which 
it was separated, but with that of the atmosphere. Thus very nearly the tota l electrical 
energy used up in the decom~ition of the water would be recovered in the form 
of heat resulting from the recombination of the hydrogen. This heat was to be applied 
to the smelting of the ore. The oxygen gained as a by-product in the decomposition 
of the water I intended to use for certain other industrial purposes, which would 
probably yield good financial returns, inasmuch as this is the cheapest way of obtaining 
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this gas in large quantiti~ In any event, it could be employed to burn all kinds of 
refuse, cheap hydrocarbon, or coal of the most inferior quality which could not be 
burned in air or be otherwise utilized to advantage, and thus again a considerab:le 
amount of heat would be made available for the smelting of the ore. To increase the 
economy of .the process I contemplated, furthermore, using an arrangement such that 
the hot metal and the products of combustion, coming out of the furnace, would give 
up their heat upon the cold ore going into the furnace, so that comparatively little 
of the ·heat-energy would be lost in the smelting. I calculated that probably forty 
thousand pounds of iron could be produced per horse-power per annum by this method. 
Liberal a·llowances were made for those losses which are unavoidable, the above quantity 
being about half of that th~etically obtainable. Relying on this estimate and on 
practical da<a with reference to a certain kind of sand ore existing in abundance in 
the region of the Great Lakes, including cost of transportation and labor, I found 
that in some localities iron could be manufactured in this manner cheaper than by 
any of the adopted methods. This result would be attained all the more ~rely if the 
oxygen obtained from the water, instead of being used for smelting the ore, as assumed, 
should be more profitably employed. Any new demand for this gas would secure a 
higher revenue from the plant, thus cheapening the iron. This project was advanced 
merely in the interest of industry. Some day, I hope, a beautiful industrial butterfly 
will come out of the dusty and shriveled chrysalis. 

The production of iron from sand oro; by a process of magnetic separation is 
highly commendable in principle, since it involves no waste of coal; but the usefulness 
of this method is largely reduced by the necessity of melting the iron afterward. As .to 
the crushing of iron ore, I would consider it rational only if done by water-power, 
or by energy otherwis~ obtained without consumption of fuel. An electrolytic cold 
process, which would make it possible to extract iron cheaply, and also to mold it into 
the required forms without any fuel consumption, would, in my opinion, be a very 
great advance in iron manufacture. In common with some other metals, iron has so 
far resisted electrolytic treatment, but there can be no doubt that such a cold process 
will ultimately replace in metallurgy the present crude method of casting, and thus 
obviate the enormous; waste of fuel necessitated by the repeated heating of metal in 
the foundries. 

Up to a few decades ago the usefulness of iron wa.s based almost wholly on its 
remarkable mechanical properties, but since the advent of the commercial dynamo and 
electric motor its value to mankind has been greatly increased by its unique magnetic 
qualities. As regards the latter, iron has been greatly improved of :)ate. The s:jgnal 
progress began a.bout thirteen years ago, when I discovered that in using soft Bessemer 
steel instead· of wrought iron, as then customary, in an alternating motor, the perfor
manCe of the machine was doubled. I brought this fact to the attention of Mr. Nibert 
Schmid, to whose untiring effortSi and ability is largely due the supremacy of Americar: 
electrical machinery, and who was then superintendent of an industrial corporation 
engaged in this field. Following my suggestion, he constructed .transformers of steel, 
and they showed tlie same marked improvement. The investigation was then systemat
ically continued under Mr. Schmid's guidance, the impurities being gradually eliminated 
from the "steel" (which was only such in name, for in reality it was pure soft iron), 
and soon a product resulted which admitted of little further improvement. 

THE COMING AGE OF ALUMINIUM - DOOM OF THE COPPER 
INDUSTRY - THE GREAT CIVILIZING POTENCY OF THE NEW METAL 

With the advances made in iron of late years we have a.rrived virtually at the limits 
of improvement. We cannot hope to increase very materially its tensile strength. 
elasticity, hardness, or malleability, nor can we expect to make it mudt better as regards 
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its magnetic qualities. More recently a notable gain was secured by the mixture of a 
small percentage of nickel with the iron, but there is not much room for further advance 
in this direction. Ne-W discoveries may be expected, but they cannot greatly add to the 
valuable properties of the metal, though they may considerably reduce the cost of 
manufacture. The immediate future of iron is assured by its cheapness and its unrivaled 
mechanical and magnetic qualities. These are such that no other product can compete 
with it now. But there can be no doubt that, at a time not very distant, iron, in many 
of its now uncontested domains, will have to pass the scepter to another: the coming 
age will be the age of aluminium. It is cnly seventy years since this wonderful metal w~s 
discovered by Woehler, and the aluminium industry, scarcely forty years old, commands 
already the attention of the entire world. Such rapid growth has not been recorded 
in the history of .civilization before. Not long ago aluminium was sold at the fanciful 
price of thirty or forty dollars per pound; to-day it can be had in any desired amount for as 
many cents. What is more, the time is not far off when this price, too, will be considered 
fanciful, for great improvements are possible in the methods of its manufacture. Most 
of the metal is now produced in the electric furnace by a process combining fusion 
and electrolysis, which offers a number of advantageous features, but involves naturally 
a great waste of the electrical energy of the current. My estimates show that the price 
of aluminium could be considerably reduced by adopting in its manufacture a· method 
similar to that proposed by me for !he production of iron. A pound of aluminium 
requires for fusion only about seventY per cent. of the heat needed for melting a 
pound of iron, and inasmuch as its weight is only about one third of that of the 
latter, a volume of aluminium four times that of iron could be obtained from a given 
amount of heat-energy. But a cold electrolytic process of manufacture is the ideal solution, 
and on this I have placed my hope. 

The absolutely unavoidable consequence of the advance of the aluminium industry 
will be the annihilation of the copper industry. They cannot exist and prosper together, 
and the latter is doomed beyond any hope of recovery. Even now it is cheaper to 
convey an electric current through aluminium wires than through copper wires; 
aluminium castings cost less, and in many domestic and other uses copper has; no chance 
of successfully competing. A further material reduction of the price of aluminium 
cannot but be fatal to copper. But the progress of .the former will not go on unchecked, 
for, ~ it ·ever happens in such cases, the larger industry will absorb the smaller one: the 
gi"-nt copper interests will control the pygmy aluminium interests, and the slow-pacing 
copper will reduce the ·lively gait of aluminium. This will only delay, not avoid, the 
impending catastrophe. 

Aluminium, however, will not stop at downing copper. Before many years have 
passed it will be engaged in a fierce struggle with iron, and in the latter it will find an 
adversary not e~;y to conquer. The issu·e of the contest will largely depend on whether 
iron shall be indispensable in electric machinery. This the future alone rnn decide. 1l1e 
magnetism as exhibited in iron is an isolated phenomenon in nature. What it is that 
makes this metal behave so radically different from all other materials in this respect 
has not yet been ascertained, though many theories; hnve been sugP,ested. As re,gards 
magnetism, the molecules of the various bodies behave like hollow beams partly filled 
with a heavy fluid and balanced in the middle in the manner of a see-saw. Evidently 
some disturbing influence exists in nature which causes each molecule, like such a beam, 
to tilt either one or the other way. If the molecules are tilted one way, the body is 
magnetic; if they are tilted the other way, the body isr non-magnetic; but both positions 
are stable, as they would be in the . case of the hollow beam, owin_t: to the rushing of 
the fluid to the lower end. Now, the wonderful thing is that the molecules of all known 
bodies ·went one way, while those of iron went the other way. This me.tal, it would 
seem, has an origin entirely different from that of the rest of the globe. It is highly 
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improbable that we shall discover some other and cheaper material which will ~ual or 
surpass iron in magnetic qualities. 

Unless we should make a radical departure in the character of the electric currents 
employed, iron will be indispensable. Yet the advantages it offers are only apparent. 
So long as we use feeble magnetic forces it is by far superior to any other material; 
but if we find ways of producing great magnetic forces, then better results: will be 
obtainable without it. In fact, I have already produoed electric transformers in which 
no iron is employed, and which are capable of performing ten times as much work 
per pound of weight as those with iron. This result is attained by using electric currents 
of a very high rate of vibration, produced in novel ways, instead of the ordinary 
currents now employed in the ind~ries. I have also succeeded in operating electric 
motors without iron by such rapidly vibrating currents, but the results, so far, have 
been inferior to those obtained with ordinary motors constructed of iron, although 
theoret!cally the former should ~ capable of performing incomparably more work 
per unit of weight than the latter. But the seemingly insuperable difficulties which 
are now in the way may be overcome in the end, and then iron will be done away with, 
and all 'electric machinery will be manufactured of aluminium, in all probability, at 
prices ridiculously low. This would be a severe, if not a fatal, blow to iron. In many 
other branches of industry, as ship-building, or wherever lightness of structure is required, 
the progress of the new metal will !:le much quicker. For such uses it is eminently 
suitable, and is sure to supersede iron sooner or Tater. It is highly probable that in the 
course of time we shall be able to give it many of tl1osc qualities which make iror: 
so valuable. 

While it iS: impossible to tell when this industrial revolution will be consummated, 
there can be no doubt that the future belongs to aluminium, and that in times to come 
it will be the chief means of increasing human performance. It has in this respect 
capacities greater by far ilian those of any other metal. I should estimate its civilizing 
potency at fully one hundred times .that of iron. This estimate, iliough it may astonish, 
is not at all exaggerated. First of all, we must remember that there is: thirty times as 
much aluminium as iron in bulk, available for ilie uses of man. This in itself offers great 
possibilities. Then, again, the new metal is much more easily workable, which adds 
to its v:lluc. In many of its properties it partakes of the character of a precioUSj :metal, 
which gives it additional worili. Its electric conductivity, which, for a given weight, is 
greater than iliat of any other metal, would be alone sufficient to make it one of the 
most important factors in future human progress. Its extreme lightness makes it far 
more easy to transport the objects manufactured. By virtue of this property it will 
revolutionize naval construction, and in facilitaing transport and travel it will add 
enormously to the useful performance of mankind. But its greatest civilizing potency 
will be, I believe, in aerial tmvel, which is sure to be brought about by means of it. 
Telegraphic instruments will slowly enlighten the barbarian. Electric motors and lamps 
will do it more quickly, but quicker :than anything else ilie flying-machine will do it. 
By rendering travel ideally easy it will be the bes-t means for unifying the heterogeneous 
elements of humanity. As tl1c first step toward this realization we should produce a 
lighter stomge-battery or get more energy from coal. 

EFFORTS TOWARD OBTAINING MORE ENERGY FROM COAL - THE 
ELECTRIC TRANSMISSION - THE GAS-ENGINE -

THE COLD-COAL BA TIERY 

I remember that at one time I considered the production of electricity by burning 
coal in a battery as the greatest achievement tow11rd advancing civilization, and I am 
surprised to find how much tlle continuous study of these subjects has modified my 
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views. It now seems to me that to burn coal, however efficiently, in a battery would 
be a mere makeshift, a phace in the evolution toward something much more perfect. 
After all, in generating electricity in this manner, we should be destroying material, 
and this would be a barbarous process. We ought to be able to obtain the energy we 
need without consumption of material. But I am far from underrating the value of such 
an efficient method of burning fuel. At the present time most motive power come~ 
f com coal, and, either directly or by its products, it adds vastly to human energ:.r. 
Unfortunately, in all .the processes now adopted, the larger portion of the energy of th~ 
coal is uselessly dissipated. The best steam-engines utilite only a small part of the total 
ene,gy. Even in gas-engines, in which, particularly of late, better results arc obtainable, 
there is still a barbarous waste going w. In our electric-lighting systems we scarcely 
utilize one third of one per cent., and in lighting by gas a much smaller fraction .Jf the 
total energy of the coal. Considering the various uses of coal throughout the world, 
we certainly do not utilize more than two pee cent, of its energy theoretically available. 
The man who should stop this senseless waste would be a great benefactor of humanity, 
though the solution he would offer could not be . a permanent one, since it would 
ultimately lead -to the exhaustion of the store of material. Efforts toward obtaining 
more energy from coal are now being made chiefly in two directions - by generating 
electricity and by producing gas for motive-power purpose$. In both of these lines 
notable success has already been achieved. 

The advent of the alternating-current system of ·electric power-transmission marks 
an epoch in the economy of energy available to man from coal. Evidently all electrical 
energy obtained from a waterfall, saving so much fuel, is a net gain to mankind, which 
is all the more effective as it is secured with little expenditure of human effort, and as 
this mos.t perfect of all known methods of deriving energy from the sun contributes 
in many ways to the advancement of civilization. But electricity enables us also to get from 
coal much more energy than was practicable in the old ways. Instead of transporting the 
coal to distant places of consumption, we burn it near the mine, develop electricity in 
the dynamos, and transmit the current to remote localities, thus effecting a cons~derable 
saving. Instead of driving the machinery in a factory in the old wasteful way by belts and 
shafting, we generate electricity by steam-power and operate electric motors. In this 
manner it is not uncommon to obtain two or three times as much effective motive power · 
from the fuel, besides securing many other important advantages. It iso in this field as 
much as in the transmission of energy to great distances that the alternating system, 
with its ideally simple machinery, is bringing about an industrial revolution. But in 
many lines this progress has not yet been felt. For example, steamers and trains ace 
still being propelled by the direct applicatio~ of steam-power to shafts or axles. A much 
greater percentage of the heat-energy of the fuel could be transformed in motive 
energy by using, in place of the adopted marine engines and locomotives, dynamos 
driven by specially desigrred high:pressure steam- or gas-engines and by utilizing 
the electricity generated for the propulsion. A gain of fifty to one hundred per 
cent. in the effective energy derived from the coal could be secured in this 
manner. I t is difficult to understand why a fact so plain and obvious is not receiving 
more attention from engineers. In ocean steamers such an improvement would be 
particularly desirable, as it would do away with noise and increase materially the speed 
and the carrying capacity of the liners. 

Still more energy is now being obtained from coal by the latest improved gas
engine, the economy of which is, on the average, probably twice that of the best 
steam-engine. The introduction of the gas-engine is very much facilitated by the 
importance of the gas industry. With the incceasirtg use of the electric light more and 
more of the gas is utilized for heating and motive-power purposes. In many instances 
gas is manufactured close to the coal-mine and conveyed to distant places of consumption. 
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a considerable saving both· in the cost of transportation and in utilization of the energy of 
the fuel being thus effected. In the present state of the mechanical and electrical arts 
the moS't rational way of deriving energy from coal is evidently to manufacture gas dose 
to the coal store, and to utiliu: it, either on the spot or elsewhere, to generate electricity 
for industria! uses in dynamos driven by gas-engines. The commercial success of such 
a plant is largely dependent upon the production of gas-engines of great nominal 
horse-power, which, judging from the keen activity in this field, will soon be 
forthcoming. Instead of consuming coal directly, as usual, gas should be manufactured 
from it and burned to economize energy. 

But all such improvements cannot be more than passing phases in the evolution 
toward something far more perfect, for ultimately we must succeed in obtaining electricity 
from coal in a more direct way, involving no great loss of its heat-energy. Whether coal 
can be oxidized by a cold process is still a question. Its combination with oxygen always 
evolve~ heat, and whether the energy of the combination of the carbon with another 
clement can be turned directly into electrical energy has not yet been determined. Under 
certain conditions nitric acid will burn the carbon, generating an electric current, but 
the solution does not remain cold. Other means of oxidizing coal. have been proposed, 
but they have offered no promise of leading to an efficient process. My own lack of 
success has been complete, though perhaps not quite so complete as that of some who 
have "perfected" the cold-coal battery. This problem is es·sentially one for the chemist 
to solve. It is not for the physicist, who determines all his results in advance, so 
that, when the experiment is tried, it cannot fail. Chemistry, though a positive science, 
does not yet admit of a solution by such positive methods as those which are 
available in the treatment of many physical problems. The result, if possible, will be 
arrived at through patient trying rather than through deduction or calculation. The time 
will soon come, however, when the chemist will be able to follow a course dearly 
mapped out beforehand, and when the process of his arriving at a desired result will 
be purely constructive. The cold-coal battery would give a great impetus to electrical 
development; it would lead very shortly to a practical flying-machine, and would 
enormously enhance the introduction of the automobile. But these and many other 
problems will be better solved, and in a more scientific manner, .by a light-storage 
battery . . 

ENERGY FROM THE MEDIUM - THE WINDMILL AND THE SOLAR 
ENGINE - MOTIVE POWER FROM TERRESTRIAL HEAT -

ELECTRICITY FROM NATURAL SOURCES 

Besides fuel, there is abundant material from which we might eventually derive 
power. An immense amount of energy is locked up in limestone, for instance, and 
machines can be driven by liberating the carbonic acid through sulphuric acid or 
otherwise. I once constructed such an engine, and it operated satisfactorily. 

But, whatever our resQUrces of primary energy may be in the future, we must, to 
be rational, obtain it without consamption of any material. Long ago I came to this 
conclusion, and to arrive at this result only two ways, as before indicated! appeared 
possible - either to turn to use the energy of the sun stored in the ambient medium, 
or to transmit, through the medium, the sun's energy to distant places from some locality 
where it was obtainable without consumption of material. At that time I at once rejected 
the latter method as entirely impracticable, and turned to examine the po-ssibilities 
of the former. 

It is difficult to believe, but it is, nevertheless, a fact, that since time immemorial 
man has had at his disposal a fairly good machine which has enabled him to. utilize 
the energy of the ambient medium. This machine is the windmill. Contrary to popular 
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belief, the power obtain'able from wind is very considerable. Many a deluded inventor 
has spent years of his .J.ife in endeavoring to "harness the tides," and some have even 
proposed to compress air by tide- or wave-power for supplying energy, · never 
understanding the signs of the old windmill on the hill, as it sorrowfully waved its 
arms about and bade them stop. The fact is that a wave- or tide-motor would have, as 
a rule, but a small chance of competing commercially with the windmill, which is by 
far the better machine, allowing a much greater amount of energy to be obtained in 
a simpler way. Wind-power has been, in old times, of inestimable value to man, if 
for nothing else but for enabling him to cross the seas, and it is even now a very 
important factor in travel and transportation. But there are great limitations in this 
ideally simple method of utilizing the sun's energy. The machines are large for a given 
output, and the power ·is intermittent, thus necessitating the storage of energy and 
increasing the cost of the plant. . 

A far better· way, however, to obtain power would be to avail ourselves of the 
sun's rays, which beat the earth incessantly and supply energy at a maximum rate of 
over four million horse-power per square mile. Although the average energy received 
per square mile in any locality during the year is only a small fraction of that amount, 
yet an inexhaustible source of power would be opened up by the discovery of some 
efficient method of utilizing the energy of the rays. The only rational way known 
to me at the time when I began the study of this subject was to employ some kind 
of heat- or thermodynamic engine, driven by a volatile fluid ·evaporated in a boiler by 
the heat of the rays. But close.r investigation of this method, and calculation, showed 
that, notwithstanding the appa.rently vast amount of energy received from the sun's 
rays, only a small fraction of that energy could be actually utilized in this mann-er. 
Furthermore, the energy supplied through the sun's radiations is periodical, and the 
same limitations as in the use of the windmill I found to exist here also. After a long 
study of this mode of obtaining motive power f.rom the sun, taking into account the 
necessa.rily large bulk of the boiler, the low efficiency of the heat-engine, the additional 
cost of storing the energy, and other drawbacks, I came to the conclusion that the 
"sola.r engine," a few instances excepted, CQuld not be industrially exploited with 
success. 

Another way of getting motive power from the medium without consuming any 
material would be to utilize the heat contained in the earth, the water, or the nir for 
driving an engine. It is a well-known fact that the interior portions of the globe are 
very hot, the temperature rising, as observations show, with the approach to t!Je center at 
the rate of approximately 1 o C. for every hundred feet of depth. The difficulties of 
sinking shafts and placing boilers at depths of, say, twelve thousand feet, corresponding 
to an incrc:lSc in temperature of about 1200 C., are not insuperable, and we could 
certainly avail ourselves in this way of the internal heat of the globe. In fact, it would 
not be necessary to go to any depth at all in order to derive energy from the stored 
terrestrial heat. The superficial layers of the earth and the air strata close to the 
same are at a temperature sufficiently high to evaporate some extremely volatile 
substances, which we might use in our boilers instead of water. There is no doubt that 
a ves>sel· might be propelled on: the ocean by an engine driven by such a volatile fluid, 
no other energy being used but the heat abstracted from the water. But the amount 
of power which could be obtained in this manner would be, without further provision, 
very small. 

Electricity produced by natural causes is another source of energy which might 
be rend'.:red available. Lightni.ng discharges involve great amounts of -electrical energy, 
which we could utilize by transforming and storing it. Some yea.rs ago I made known 
a method of electrical transformation which renders the first part of this task easy, 
but the storing of the energy of lightning discharges will be difficult to accomplish . 

• 
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It is well known, furthermore, that electric currents circulate constantly through the 
earth, and that there exists between the earth and any air stratum a difference of 
electrical pressure, which varies in proportion to the height. 

_In recent experiments I have discovered two novel facts of importance in thi~ 
connection. One of these facts is that an electric current is generated in a wire extending 
from the ground to a great height by the axial, and probably also by the translatory, 
movement of the earth. No appreciable current, however, will flow continuously in the 
wire unless the electricity is allowed to leak out into the air. Its escape is greatly 
facilitated by providing at the elevated end· of the wire a conducting terminal of great 
surface, with many sharp edges or points. We are thus enabled to get a continuous supply 
of electrical energy by merely supporting a wire at a height, but, unfortunately, the 
amount of electricity which can be so obtained is small. · 

The second fact which I have ascertained is that the upper a.ir strata are permanently 
charged with electricity opposite to that of the earth. So, at least, I have interpreted 
my observations, from which it appears that the earth, with its adjacent insulating 
and outer conducting envelop, constitutes a highly charged· electrical condenser 
containing, in all probability, a great amount of electrical energy which might be turned 
to the uses of man, if it were possible to reach with a wire to great altitudes. 

It is possible, and even probable, that there will be, in time, other resources of 
energy opened up, of which we have no knowledge now. We may even find ways 
of applying forces such as magnetism or gravity for driving machinery without using 
any other means. Such realizations, though highly improbable, are not impossible. An 
e~ample will best convey an idea of what we can hope to attain and what we can 
never attain. Imagine a disk of some homogeneous material turned perfectly true and 
arranged to turn in frictionless bearings on a horizontal shaft above the ground. This 
disk, being under the above conditions perfectly balanced, would rest in any position. 
Now, it is possible that we may learn how to make sud1 a disk rotate continuously and 
perform work by the force of gravity without any further effort on our part; but it 
is perfectly impossible for the disk to turn and to do work without any force from 
the outside. If it could do so, it would be what is designated scientifically as a 
"perpetuum mobile," a machine creating its own motive power. To make the disk rotate 
by the force of gravity we have only to invent a screen against this force. By such a 
screen we could prevent this force from acting on one half of the disk, and the rotation 
of the latter would follow. At least, we cannot deny such a possibility until we know 
exactly the nature of the force of gravity. Suppose that this force were due to a movement 
comparable to that of a stream of air pasSing from above toward the center of the 
earth. The ~ffect of such a stream upon both halves of the disk would be equal, and 
the latter would not rotate ordinarily; but if one half should be guarded by a plate 
arresting the m()vement, then it would turn. 

A DEPARTURE FROM KNOWN METHODS- POSSIBILITY OF A "SELF
ACTING" ENGINE OR MACHINE, INANIMATE, YET CAPABLE, LIKE 
A LIVING BEING, OF DERIVING ENERGY FROM THE MEDIUM -THE 

IDEAL WAY OF OBTAINING MOTIVE POWER 

\Xfhen I began the investigation of the subject under consideration, and when the 
preceding or similar ideas presented themselves to me for the first time, though I was then· 
unacquainted with a number of the facts mentioned, a survey of the various ways of 
utilizing tl1e energy of the medium convinced me, nevertheless, that to arrive at a 
thoroughly satisfactory practical solution a radical departure from the methods then 
known had to be made. The windmill, the solar engine, the engine driven by terrestrial 
heat, had their limitations in the .amount of power obtainable. Some new way had to 
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be. discovered which would enable us to get more energy. There was enough heat
energy in the medium, but only a small. part of it was available _for the operation of 
an engine in the ways then known. Bestdcs, the energy was obtatnable only at a very 
slow rate. Qearly, then, the problem was to discover some new method which would make 
it possible both to utilize more of the heat-energy of the medium and also to draw it 
away from the same at a more rapid rate. 

T 

Diagram .b. OBTAINING 
ENERGY FROM THE 
AMBIENT MEDIUM. 

I was vainly endeavoring to form an idea of how this 
might be accomplished, when I read some statements from 
Carnot and Lord Kelvin (then Sir William Thomson) 
which meant virtually that it is impossible for an inanimate 
mechanism of self -acting machine to cool a port.ion of the 
medium below the temperature of the surrounding, and 
operate by the heat abstracted. These statements interested 
me intensely. Evidently a living being could do this very 
thing, and since the experiences of my early life which I have 
related had convinced me that a living 'being is only an 
automaton, or, otherwise stated, a "self-acting engi'ne," I 
came to the conclusion that it was possible to construct 
a machine which would do the same. As the first step 
toward this realization I conceived the following mechanism. 
Imagine a thermopile consisting of a number of bars of 
metal extending from the earth to the outer space beyond 
the atmosphere. The heat from below, conducted upward 
along these metal bars, would cool the earth or the sea or 
the air, according to the location of the lower parts of the 
bars, and the result, as is .well known, would be an electric 
current circulating in these bars. The two terminals 'Of the 

A, medium with little energy; thermopile could .now be joined through an electric motor, 
B, B, ambient medium with 
much energy; o, path of the and, theoretically, this motor would run on and on, until 

energy. the media below would be cooled down to the temperature 
of the outer space. This would be an inanimate engine 

which, to all evidence, would be cooling a portion of the medium below the temperature 
of the surrounding, and operating by the heat abstracted. 

But was it not possible to realize a simihir condition without necessarily going to 
a height? Conceive, for the sake of illustration, an inclosure T, as illustrated in diagram 
b, such that energy could not be transferred across it except through a channel or path 0, 
and that, by some means or other, in this inclosure a medium were maintained which 
would have little energy, and that on the outer side of the same there would be the 
ordinary ambient medium with much energy. Under these assumptions the energy would 
flow through the path 0, as indicated by the arrow, and might then be converted on its 
passage into some other form of energy. The question was, Could such a condition be 
attained? Could we produce artificially such a "sink" for the energy of the ambient 
medium to flow in? Suppose that an extremely low temperature could be maintained 
by some process in a given space; the surrounding medium would then be compelled to 
give off heat, which could be converted into mechanical or other form of energy, 
and utilized. By realizing such a plan, we should be enabled to get at any point of the 
globe a continuous supply of energy, day and night. More than this, reasoning in the 
abstract, it would seem possible to cause a quick circulation of the medium, and thus 
draw the energy at a very rapid rate. 

Here, then, was an idea which, if realizable, afforded a happy solution of the 
problem of getting energy from the medium. But was it realizable? I convinced myself 
that it was so in a number of ways, of which one is the following. As regards heat, we 

• 
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are at a high level, which may be represented by the surface of a mountain lake 
considerably above the sea, the level of which may mark the absolute zero of temperature 
existing in the interstellar space. Heat, like water, flows from high to low level, and, 
consequently, just as we can let the water of the lake run down to the sea, so we are 
able to let heat from the earth's surface travel up into the co~d . region above. Heat, 
like water, can perform work in flowing down, and if we had any doubt as to whether 
we could derive energy from the medium by means of a thermopile, as before described, 
it would be dispelled by .this analogue. But can we produce cold in a given portion 
of the space and cause the heat to flow in continually? To create such a "s:ink," or 
"cold hole," as we might say, in the medium, would be equivalent to producing in the 
lake a space either empty or filled with something much lighter than water. This we 
could do by placing in the lake a tank, and pumping all the water out of the latter. 
We know, then, that the water, if allowed to flow back into the tank, would, 
theoretically, be able to perform exactly the same amount of work which was used in 
pumping it out, but not a bit more. Consequently nothing could be gained in this 
double operation of first raising the water and then letting it fall down. This wo·uld 
mean that it is impossible to create such a sink in the medium. But let us reflect a 
moment. Heat, though following certain general laws of mechanics, like a fluid, is not 
such; it is energy which may be converted into other forms of energy as it passes from 
a high to a low level. To make our mechanical analogy complete and true, we must, 
therefore, assume that the water, in its passage into the tank, is converted into something 
else, which may be taken out of it without using any, or by using very little, power. 
For example, if heat be represented in this analogue by the water of the lake, the 
oxygen and hydrogen composing the water may illustrate other forms of energy into 
which the heat ·is transformed in passing from hot to cold. If the process; of heat
transformation were absolutely perfect, no heat at all would arrive at the low level, 
since all of it would be converted into other forms of energy. Corresponding to this 
ideal case, all the water flowing into the tank would be decomposed into oxygen and 
hydrogen before reaching the bottom, and the result would be that water would 
continually flow in, and yet the tank would remain entirely empty, the gases formed 
escaping. We would thus produce, by expending initially a certain amount of work 
to create a sink for the heat or, respectively, the water to flow in, a condition enabling 
us to get any amount of energy without further effort. This would be an ideal way 
of obtaining motive power. \Y/e do not know of any such absolutely perfect process 
of heat-conversion, and consequently some heat will generally reach the low level, which 
means to say, in our mechanical analogue, that some water will a.rrive at the bottom of 
the tank, and a gradual and sl'ow filling of the latter will take place, necessitating 
continuous pumping out. But evidently there will be less to pump out than flows. in, 
or, in other words, less energy will be needed to maintain the initial condition than 
is developed by the fall, and this is to say that some energy will be gained from the 
medium. What is not converted in flowing down can just be raised up with its own 
energy, and what is converted is clear gain. Thus the virtue of the principle I have 
discovered resides wholly in the conversion of the energy on the downward f low. 

FIRST EFFORTS TO PRODUCE THE SELF-ACTING ENGINE - THE 
MECHANICAL OSCILLATOR - WORK OF DEWAR AND. LINDE 

LIQUID AIR 

Having recognized thi~ truth, I began to devise means for carrying out my idea, 
and, after long thought, I finally conceived a combination of apparatus which should 
make possible the obtaining of power from the medium by a process of continuous 
cooling of atmospheric air. This apparatus, by continually transfo rming heat into 
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mechanical work, tended to become colder and colder, and if it only were practicable 
to reach a very low temperature iri this manner, then a sink for the heat could be 
produced, and energy could be derived from the medium. This seemed to be contrary 
to the statements of Carnot and Lord Kelvin before referred to, but I concluded from 
the theory of the process that such a result could be attained. This conclusion I reached, 
I think, in the latter part of 1883, when I was in Paris, and ·it was at a time when 
my mind was being more and more dominated by an invention which I had evolved 
during the preceding year, and which has since become known under the name of the 
"rotating magnet!c field." During the few years which followed I elaborated further 
the plan I had imagined, and studied the working conditions, but made little headway. 
The commercial introduction .in this country of the invention before referred to required 
most of my energies until 1889, when I again took up the idea of the self-acting 
machine. A closer investigation of the principles involved, and calculation, now showed 
that the result' I aimed at could not be reached in a practical manner by ordinary 
machinery, as I had in the beginning expected. This led me, as a next step, to the study 
of a type .of engine generally designated as "turbine," which at first seemed to offer 
better chances for a realization of the idea. Soon I found, however, that the turbine, too, 
was unsuitable. But my conclusions showed that if an engine of a peculiar kind could 
be brought to a high degree of perfection, the plan I had conceived was realizable, and 
I resolved to proceed with the development of such an engine, the primary object of 
which was to secure the greatest economy of transformation of heat into mechanical 
energy. A characteristic feature of the engine was that the work-performing piston 
was not connected with anything else, but was perfectly free to vibrate at an enormous 
rate. The mechaniall difficulties encountered in the construction of this engine were 
greater than I had anticipated, and I made slow progress. This work was continued 
until early in 1892, when I went to London, where I saw ProfeSSlOr Dewar's 
admirable experiments with liquefied gases. Others had liquefied gases before, and 
notably Ozlewski and Pictet had performed creditable early experiments in this line, 
but there was such a vigor about the work of Dewar that even the old appeared new. 
His experiments showed, though in a way different from that I had imagined, that 
it was possible to reach a very low temperature by transforming heat into mechanical 
work, and I returned, deeply impressed with what I had seen, and . more than ever 
convinced that my plan was practicable. The work temporarily interrupted was taken up 
anew, and soon I had in n fair state of perfection the engine which I have named "the 
med1anical oscillator." In this machine I succeeded in doing away with all packings, 
valves, and lubrication, and in producing so rapid a vibration of the piston that shafts 
of tough steel, fastened to the same and vibrated longitudinally, were torn asunder. 
By combining this engine with a dynamo of special design I produced a highly efficient 
electrical generator, invaluable in measurements and determinations of physical quantities 
on account of the unvarying rate of oscillation obtainable by its means. I exhibited 
several types of this machine, named "mechanical and electrical oscillator," before the 
Electrical Congress at the World's Fair in Chicago during the summer of 1893, in a 
lecture which, on account of other pressing work, I w:1s unable to prepare for publication. 
On that occasion 1 exposed the principles of the mechanical oscillator, but the original 
purpose of this machine is explained here for the first time. 

In the process-, as I had primarily conceived it, for the utilization of the energy 
of the ambient medium, there were five essential elements in combination, and each 
of these had· to be newly designed and perfected, as no such machines existed. The 
mechanical oscillator was the first element of this combination, and having perfected 
this, I turned to the next, which was an air-compressor of. a design in certain respects 
resembling that of the mechanical oscillator. Similar difficulties in the construction 
were again encountered, but the work was pushed vigorously, and at the close of 1894 
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I had completed thes~ • two elements of the combination, and thus produced an 
apparatus for compressing air, virtually to any desired pressure, incomparably simpler, 
smaller, and more efficient than the ordinary. I was just beginning work on the third 
element, which together with the first two would give a refrigerating machine of 
exceptional efficiency and simplicity, when a misfortune befell me in the burn~ng 
of my laboratory, which crippled my labors and delayed me. Shortly afterwards Dr. Carl 
Linde announced the liquefaction of air by a self-cooling process, demonstrating that 
it was practicable to proceed with the cooling until liquefaction of the air took place. 
This was the only experimental proof which I was still wanting that energy was 
obtainable from the medium in the manner contemplated by me. 

The liquefaction of air by a self-cooling process was. not, as popularly believed, 
an accicf~ntal discovery, but a scientific result which could not have been delayed much 
longer, and which, in all probability, could not have escaped Dewar. This fascinating 
advance, I believe, is largely due to the powerful work of this great Scotchman. 
Nevertheless, Linde's is an immortal achievement. The manufacture of liq~d air has 
be~n carried on for four years in Germany, on a scale much larger than in any other 
country, and this strange product has been applied for a variety of purposes. Much was 
expected of it in the beginning, but so far it has been an industrial ignis fatuus. By 
the use of such machinery as I am perfecting, its cost will probably be greatly lessened, 
but even then its commercial success will be questionable. When used as a refrigerant 
it is uneconomical, as its temperature is unnecessarily low. It is as expensive to maintain 
a body at a very low temperature as it rs to keep it very hot; it takes coal to keep air 
cold. In oxygen manufacture it cann.:>t yet compete with the electrolytic method. For 
usc as an explosive it is unsuitable, because its low temperature again condemns it to a 
small efficiency, and for motive-power purposes its cost is still by far too high. It is 
of interest to note, however, that in driving an engine by liquid ai'r a certain amount 
of energy may be gained from the engine, or, stated otherwise, from the ambient 
medium which keeps the engine warm, each two hundred po'unds of ironCJ.sting of the 
latter contributing energy at the rate of about one effective horse-power during one 
hour. But this gain of the consumer is offset by an equal loss of the producer. 

Much of this task on which I have labored so long remains to be done. A number 
of mechanical details are still to be perfected and some difficulties of a different nature 
to be mastered, and I cannot hope to produce a self-acting machine deriving energy 
from the ambient medium for a long time yet, even if all my expectations should 
materialize. Many circumstances have occurred which have retarded my work of late, 
but for several reasons the delay was beneficial. 

One of these reasons was that I had ample time to consider what the ultimate 
possibilities of this development might be. I worked for a long time fully convinced 
that the· practical realization of this method of obtaining energy from the sun would 
be of incalculable industrial value, but the continued study of the subject revealed 
the fact that while it will be commercially profitable if my expectations are well 
founded, it will not be so to an extraordinary degree. 

DISCOVERY OF UNEXPECTED PROPERTIES OF THE ATMOSPHERE 
STRANGE EXPERIMENTS -TRANSMISSION OF ELECTRICAL ENERGY 

THROUGH ONE WIRE WITHOUT RETURN - TRANSMISSION 
THROUGH THE EARTH WITHOUT ANY WIRE 

Another of these reasons was that I was led to recognize the transmtsston of 
electrical energy to any distance through the media as by far the best solution of the 

. great problem of harnessing the sun's energy for the uses of man. For a long time I was 
convinced that such a transmission on an industrial scale could never be realized, but 
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a discovery which I made changed my view. I observed that under certain conditions 
the atmosphere, which is. normally a high insulator, assumes conducting properties, and 
so becomes capable of ~nveying any aml)unt of electrical energy. But the difficulties in the 
way of a practical utilization of this discovery for the purpose of transmitting electrical 
en_ergy without wires were seemingly insuperable. Electrical pressures of many millions 
of volts had ' tp be produced and handled; generating apparatus of a novel kind, capable 
of withstanding the immense electrical stresses, had to be invented and perfected, and 
a complete safety against the dangers of the high-tension currents had to be attained 
in the system before its practical introduction could be even thought of. All this could 
not be done in a few wee'ks or months, or even years. The work required patience 
and constant application, but the improvements came, though slowly. Other valuable 
results were, however, arrived at in the course of this long-continued work, of which 
I shall endeavor to give a brief account, enumerating the chief advances as they were 
successively effected. 

The discovery of the conducting properties of the air, though unexpected, was 
only a natural result of experiments in ·a special field which I had carried on for some 
years before. It ~as, I believe, during 1889 that certain possi~ilities · offered by 
extremely rapid electrical oscillations determined me to design a ·. number 'of special 
machines adapted for their investigation. Owing to the peculiar. requirements, the 
construction of these machines was very difficult, and consumed much time and effort; 
but my work on them was generously rewarded, for I reached by their means several novel 
and imPOrtant results. One of the earliest observations I made with these new machines 
was thit elect~ical <is,cillations of an extremely high rate act in an extraordinary manner 
upon the huQliln or.~nism. Thus, for instance, I demonstrated that powerful electrical 
discharges ~{ several hundred thousand volts, which at that time were considered 
absolutely deadly, could be passed through the body without inconvenience ot hurtful 
consequences. 'fJbese oscillations produced o.ther specific physiological effects, which, upon 
my announcement, were eagerly taken up by skilled physicians and further investigated. 
This new field has proved itself fruitful beyond expectation, in the fe.w years which have 
passed since, it has been developed to such an extent that it now forms a legitimate 
and important department of medical science. Many results, thou~tht impossible at that 
time, are now readily obtainable with these oscillations, and many experiments 
undreamed of ·then can now be readily performed by their means. I still remember 
with pleasure how, nine years ago, I passed the discharge of a powerfuP induction-coii 
through my body to demonstrate before a scientific society the comparative harmlessness 
of very rapidly vibrating electric currents, and I can still recall the astonishment of 
my audience. I would now undertake, with much less apprehension than I h.:)fl in that 
experiment, to transmit through my body with such currents the entire electrical energy 
of the dynamos now working at Niagara - forty or fifty thousand horse-power. 
I have produced electrical oscillations which were of such intensity that when circulating 
through my arms and chest they have melted wires which joined my hands, and still I felt 
no inconvenience. I have energized with such oscillations a loop of heavy copper wire 
so powerfully that masses of metal, and even objects of an electrical resistance specifically 
greater than that of human tissue, brought close to or placed within the loop, were 
heated to a high temperature and melted, often with the violence of an explosion, and 
yet into this very space in which this terribly destructive turmoil was going on I have 
repeatedly thrust my head without feeling anything or experiencing injurious after
effects. 

Another observation was that by means of such oscillations light could be produced 
in a novel and more economical manner, which promised to lead to an ideal system 
of electric illuniination by vacuum-tubes, dispensing with- the necessity of renewal of 
lamps or incandescent filaments. and possibly also with the use of wires in the interior 
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of buildings. The efficien,cy of this light increases in proportion to the rate of the 
oscillations, and its commercial success is, therefore, dependent on the economical 
production of electrical vibrations of transcending rates. In this direction I have met 
with gratifying success of late, and the practical intoductlon of this new system of 
illumination is not far off. 

The investigations led to many other valuable observations and results, one of the 
more important of which was the demonstration of lhe practicability of supplying 
electrical energy through one wire without return. At first I was able to transmit in 
this novel maunc;r only very small amounts of electrical energy, but in this line also 
my efforts have been rewarded with similar success. 

The photograph shown in Fig. 3 illustrates, as its title explains, an actual 
transmission of this kind effected with apparatus used in other experiments here 
described. To what a degree the appliances have been perfected since my first 
demonstrations early in 1891 before a scientific society, when my apparatus was barely 
capable of lighting one lamp (which result was considered wonderful), will appear 
when I state that I have now no difficulty in lighting in this manner four or five 
hundred lamps, and could light many more. In fact, there is no limit to the amount 
of energy which may in this way be supplied to operate any kind of electrica! device. 

After demonstrating the practicability of this. method of transmission, the thought 
naturally occurred .to me to use the earth as a conductor, thus dispensing with all 
wires. Whatever electricity may be, it is a fact that it behaves like an incompressible 
fluid, and the earth may be looked upon as an immense reservoir of electricity, which, 
I thought, could be disturbed effectively by a properly designed electrical machine. 
Accordingly, my next efforts were directed toward perfecting a special apparatus which 
would be highly effective in creating a disturbance of electricity in the earth. The 
progress in this new direction was necessarily very slow and the work discouraging, until 
I finally succeeded in perfecting a novel kind of transformer or induction-coil, 
particularly suited for this special purpose. That it is practicable, in this manner, not 
only to transmit minute amounts of electrical energy for operating delicate dectrical 
devices, as I contemplated at first, but also electrical energy in appreciable quantities, 
'1\•ill appear from an inspection of Fig. 4, which illustrates an actual experiment 
of this kind performed with the S3.!11e apparatus. The result obtained was 
all the more remarkable as the top end of the coil was not connected to a wire or 
pbtc for magnifying the effect. 

"WIRELESS" TELEGRAPHY - THE SECRET OF WNING - ERRORS IN THE 
HERTZIAN INVESTIGATIONS- A RECEIVER OF WONDERFUL 

SENSITIVENESS 

As the first valuable result of my experiments in this latter line a system of 
telegraphy without wires resulted, which I described in two .scientific lectures in 
February and March, 1893. It is med1anically illustrated in diagram c, the upper part 
of which shows the electrical arrangement as I described it then, while the lower part 
illustrates its mechanical analogue. The system is extremely simple in principle. Imagine 
two tuning-forks F, F1, one at the sending and the other at the receiving-stati.on 
respectively, each having attached to it$ lower prong a minute piston p, fitting in a 
cylinder. Both the cylinders communicate with a large reservoir R, with elastic walls, 
which is supposed to be dosed and filled with a light and incompressible fluid. By 
striking repeatedly one of the prongs of the tuning-fork F, the small piston p below 
would pe vibrated, and its vibrations, transmitted through the fluid, would reach the 
distant fork F1, which is "tuned" to the fork F, or stated otherwise, of exactly the 

~I. Nikola Tesla 
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same note as the latter. The fork F1 would now be set vibrating, and its vibration 
would be intensified by the continued action of the distant fork F until its upper prong, 
swinging far out, would make an ek'Ctrical connection with a stationary contact c", 
starting in this manner some electrical or other appliances which may be used for 
recording the signals. In this simple way messages could be exchanged between the 
two stations, a similar contact c' ·being provided for this purpose, close to the upper 
prong of the fo~k F, so that the apparatus at each station could ·be employed in turn as 
receiver and transmitter. . 

The electrical system illustt:ated in the upper figure of diagram c is exactly the same in 
principle, the two wires or circuits ESP and E1S1P1, which extend vertically to a height, 
representing the two tuning-forks with the pistons attached to them. These circuits 

p p, 

s: . s, 
• 

E £ 

Diagram c. "WIRELESS'' TELEGRAPHY MECHANICALLY 
ILLUSTRATED. 

are connected with the ground by plates E, E1, and to two elevated metal sheets P, P 1, 

which store electricity and thus magnify considerably the effect. The closed reservoi r R, 
with elastic walls, is in this case replaced by the earth, and the fluid by electricity. Both 
of · these circuits are "tuned" and operate just like the two tuning-forks. Instead of 
striking the fork F at ·the sending-station, electrical oscillations arc produced in the 
vertical sending· or transmitting-wire ESP, as by the action of a source S, included in 
th is wire, which spread through the ground and reach the dis-t~nt vertical receiving-wire 
E 1 S 1 P 1 , exciting corresponding electrical osci llations in the s~mc. In the latter wire or 
circuit is included a sensitive device or receiver 51, which is thus set in action and made 
to operate a relay or other appliance. Each station is, of cou~se, provided both with 
a source of electrical oscillations S and a sensitive receiver S 1, and a simple provision is 
made for using each of the two wires alternately to send and to receive the messages. 

The exact attunement of the two circuits secures great advantages, at'ld, in fact, 
it is essential in the practical use of the system. In this respect many popular errors 
exist, and, as a rule, in the technical reports on this subject circuits and appliances 
are described as affording these advantages when from their very nature it is evident 
that this is impossible. In order to attain the best results it is essential that the length 
of each wire or circuit, from the ground connection to the top, should be equal to one 
quarter of the wave-length of the electrical vibration in the wire, or else equal to that 
length multiplied by an odd number. Without the observation of this rule it is virtually 
impossible to prevent the interference and insure the privacy of messages. Therein lies 
the secret of tuning. To obtain the most satisfactory results it is, .however, necessary to 
resort to electrical vibrations of low pitch. The Hertzian spark apparatus, used generally 
by experimenters, which produces oscillations of a very high rate, permits no effective 
'tuning, and slight disturbances are sufficient to render an exchange of messages 
impracticable. But scientifically designed, efficient appliances allow nearly perfect 
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adjustment. An experimef!t performed with the improved apparatus repeatedly referred 
·to, and intended to convey an idea of this feature, is illustrated in Fig. 5, which is 
sufficiently explained by its note. 

Since I described these simple principles of telegraphy without wires I have had 
frequent occasion to note that the identical features and elements have been used, in 
the evide!Jt belief that the signals are being transmitted to considerable distances by 
"Hertzian" radiations. This is only one of many misapprehensions to which .the investi· 
gations of the lamented physicist have given rise. About thirty-three years·ago Maxwell, 
following up a suggestive experiment made by Faraday in 184,, evolved an ideally 
simple theory which intimately connected light, radiant heat, and electrical phenomena, 
interpreti_ng them as being all due to vibrations of a hypothetical fluid of inconceivable 
tenuity, called the ether. No experimental verification was arrived at until Hertz, at the 
suggestion of Helmholtz, undertook a series of experiments to this effect. Hertz proce
eded with extraordinary ingenuity and insight, but devoted little energy to the perfection 

. of his old-fashioned apparatus. The consequence was that he failed to observe the 
important function which the air played in his experiments, and which I subsequently 
discovered. Repeating his experiments and reaching different results, I ventured to 
point out this overs ight. The strength of the proofs brought forward by Hertz in .support 
of Maxwell's theory resided in the correct estimate of the rates of vibration of the 
circuits he used. But I ascertained that he· could not have obtained the rates he thought 
he was · getting. The vibrations with; .. identic:JJ apparatus he employed are, as a ruic, 
much slower, this being due to the presence of air, which produces a dampening effect 
upon a ·rapidly vibrating electric circuit of high pressure, as a fluid does upon a vibrating 
tuning-fork. I have, however, discovered since that time other causes of error, and I .have 
long ago ceased to look upon his results as being an experimental verification of the 
poetical conceptions of Mal<\Vell. The work of the great German physicist has acted as 
an immense stimulus to contemporary electrical research, but it has likewise, in a measure, 
by its fascination, paralyzed the scientific mind, and thus hampered independent inquiry. 
Every new phenomenon which was discovered was made to fit the theory, and so -yery 
often the truth has been unconsciously distorted. 

When I advanced this system of telegraphy, my mind was dominated by the idea . 
of effecting communication to any distance through the earth or environing medium, 
the practical consummation of which I considered of transcendent importance, chiefly 
on account of the moral effect which it could not fail to produce universally. A9 the 
first effort to this end I proposed, at that time, to employ relay-stations with tuned circuits, 
in the hope of making thus practicable signaling over vast distances, even with apparatus 
of very moderate power then at my command. I was confident, however, that with 
properly designed machinery signals could be transmitted to any point of the globe, 
no matter what the distance, without the necessity -of using such intermediate stations. 
I gained this conviction through the ciiscovery of a singular electrical phenomenon, 
which I described early in 1892, in lectures delivered before some scientific 
societies abroad, and which I have called a "rotating brush."' This is a bundle of light 
which is formed, under cerroin conditions, in a vacuum·bulb, and which is of a 
sensitiveness to magnetic and electric influences bordering, so to speak, on the 
supernatural. This light-bundle is rapidly rotated by the earth's magnetism as many as 
twenty thousand times per second, the rotation in these parts being opposite to what 
it would be in the southern hemisphere, while in the region of the magnetic equator 
:t should not rotate at all. In its most sensitive state, which is difficult to attain, 
it is responsive to electric or magnetic influences to an incredible degree. The mere 
stiffening of the muscles of the arm and consequent slight electrical change in the body 
of an observer standing at some distance from it, will perceptibly affect it. When in 
this highly sensitive srote it is capable of indicating the slightest magnetic and electric 
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changes taking place \n the earth. The observation of this wonderful phenomenon 
impressed me strongly that communication at any distance could be easily effected by 
its means, provided that apparatus could be perfected capable of producing an electric 
or magnetic change of state, however small, in the terrestrial globe or environing medium. 

DEVELOPMENT OF A NEW PRINCIPLE - THE ELECTRICAL OSCILLATOR -
PRODUCTION OF IMMENSE ELECTRICAL MOVEMENTS - THE EARTH 

RESPONDS TO MAN- INTERPLANETARY COMMUNICATION 
NOW PROBABLE 

I resolved to concentrate my efforts upon this venturesome task, though it 
involved great sacrifice, for the difficulties to be mastered where such that I could hope 
to consummate it only after years of labor. It meant delay of other work to which I would 
have preferred to devote myself, but I gained the conviction that my energies could 
not be more usefully employed; for I recognized that an efficient apparatus for the 
production of powerful electrical oscillations, as was needed for that specific purpose, was 
the key to the solution of other most important electrical and, in fact, human problelll$. 
Not only was communication, to any distance, without wires possible by its means, but, 
likewise, the transmission of energy in great amounts, the burning of the atmospheric 
nitrogen, the production of an efficient illuminant, and many other results of inestimable 
scientific and industrial value. Finally, however, I had ·the satisfaction of accomplishing 
the t~k undertaken by the use of a new principle, the virtue of which is based on the 
marvelous properties of the electrical condenser. One of these is that it can discharge 
or explode its stored energy in an inconceivably short time. Owing to this it is unequaled 
in explosive violence. The explosion of dynamite is only the breath of a consumptive 
compared with its discharge. It is the means of producing the strongest current, the 
highest electrical pressure, the greatest commotion in the medium. Another of its 
properties, equally valuable, is that its discharge may vibrate at any rate desired up to 
many millions per second. 

I had arrived at the limit of rates obtainable in other ways when the happy idea 
presented itself to me to resort to the condenser. I arranged such an instrument so as to 
be charged and discharged alternately in rapid succession through a coil with a few 
turns of stout wire, forming the primary of a transformer of induction-coil. Each time 
the condenser was discharged the current would quiver in the primary wire and induce 
corresponding oscillations in the secondary. Thus a transformer or induction-coil on 
new principles was evolved, which I have called "the electrical oscillator", partaking of 
those unique qualities which characterize the condenser, and enabling results to be 
attained impossible by other means. Electrical effects of any desired character and of 
intensities undreamed of before are now easily producible by perfected apparatus of this 
kind, to which frequent reference has been made, and the essential parts of which are 
shown in Fig. 6. For certain purposes a strong inductive effect is required; for 
others the greatest possible suddenness; for others again, an exceptionally high rate of 
vibration or extreme pressure; while for certain other objects immense electricai 
movements are necessary. The photographs in Figs. 7, 8, 9, and 10, of experiments 
performed with such .an oscillator, may serve to illustrate some of these features and 
convey an idea of the magnjtude of the effects actually produc~d. The completeness of 
the titles of the figures referred to makes a further description of them unnecessary. 

However extraordjnary the results shown may appear, they .are but trifling compared 
with those which are attainable by apparatus designed on these same principles. I have 
produced electrical discharges the actual path of which, from end to end, was probably 
more than one hundred feet long; but it would not be difficult to reach lengths one 
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hundred times as great. I have produced electrical movements occurring at the rate of 
approximately one hundred thousand horse-power, but rates of one, five, or ten million 
horse-power are easily practicable. In these experiments effects were developed incompa
rably greater .than any ever produced by human agencies, and yet these results are but an 
embryo of what is to be. 

That communication without wires to any point of the globe is practicable with 
such apparatus would need no demonstration, but through a discovery which I made 
I obtained absolute certitude. Popularly explained, it is exactly this: When we raise the 
voice and hear an echo in reply, we know that the sound of the voice must have reached 
a distant wall, or boundary, and must have been reflected from the same. Exactly as the 
sound, so an electrical wave is reflected, and the same evidence which is afforded by an 
echo is offered by an electrical phenomenon known as a "stationary" wave - that is, a 
wave with fixed nodal and ventral regions. Instead of sending sound-vibrations toward a 
distant wall, I have sent electrical vibrations toward the remote boundaries of the earth, 
and instead of the wall the earth has replied. In place of an echo I have obtained a 
stationary electrical wave, a wave reflected from afar. 

Stationary waves in the earth mean something more than mere telegraphy without 
wires to any distance. They will enable us to attain many important specific results 
impossible otherwise. For instance, by their use we may produce at will, from a sending
station, an electrical effect in any particular region of the globe; we may determine 
the relative position or course of a moving object, such as a vessel at sea, the distance 
traversed by the same, or its speed; or we may send over the earth a wave of electricity 
traveling at any rate we desire, from the pace of a turtle up to ligtning speed. 

With these developments we have every reasO'n to anticipate that in a time not 
very distant most telegraphic messages across the oceans will be transmitted without 
cables. For short distances we need a "wireless" telephone, which requires no expert 
operators. The greater the spaces to be bridged, the more rational becomes communication 
without wires. The cable is not only an easily damaged and costly instrument, but 
it limits us in the speed of transmission by reason of a certain electrical property 
inseparable from its construction. A properly designed plant for effecting communication 
without wires ought to have many times the working capacity of a cable, while it 
will involve incomparably less expense. Not a long time will pass, I believe, before com
munication by cable will become obsolete, for not only will signaling by this new 
method be quicker and cheaper, but also much safer. By using some new means for 
isolating the messages which I have contrived, an almost perfect privacy can be 
secured. 

I have observed the above effects so far only up to a limited distance 01f about 
six hundred miles, but inasmuch as there is virtually no limit to the power of the 
vibrations producible with such an oscillator, I feel quite confident of the success of 
such a plant for effecting transoceanic communication. Nor is this all. My measurements 
and calculations have shown that it is perfectly practicable to produce on our ,t:lobe, 
by the use of these principles, an electrical movement of such magnitude that, without 
the slightest doubt, its. effect will be perceptible on some of our nearer planets, as 
Venus and Mars. Thus from mere possibility interplanetary communication has entered 
the stage of probability. In fact, that we can produce a distinct effect on one of these 
planets in this novel manner, namely, by disturbing the electrical condition of the 
earth, is beyond any doubt. This way of effecting such communication is, however, 
essentially different from all others which have so far been proposed by scientific men. 
In all the previous instances only a minute fraction of the total energy reaching the 
planet - as much as it would be possible to concentrate in a reflector - could be 
ntilized by the supposed observer in his instrument. But by the means I have developed 
he would be enabled to concentrate the larger portion of the entire energy transmitted to 
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the planet in his instrulnent, and the chances of affecting the latter are thereby increased 
many milJ.ionfold. 

Besides machinery for producing vibrations of the required power, we must have 
delicate means capable of revealing the effects of feeble influences exerted upon the 
earth. For such purposes, too, I have perfected new methods. By their use we shaH 
likewise be able, among other things, to detect at considerable distance the presence of an. 
iceberg or other object at sea. By their use, also, I have discovered some terrestrial 
phenomena still unexplained. TI1at we ·can send a message to a planet is certain, that 
we can get an answe.r is probable: man is not the only being in the Infinite gifted 
with a mind. 

TRANSMISSION OF ELECTRICAL ENERGY TO ANY DISTANCE WITHOUT 
WIRES - NOW PRACTICABLE - THE BEST MEANS OF INCREASING 

THE FORCE ACCELERATING THE HUMAN MASS 
. 

The most valuable observation made in the course of these investigations was the 
extraordinary behavior of the atmosphere tx>ward electric impulses of excessive electromo
tive force. The experiments showed that the air at the ordinary pressure became distinctly 
conducting, and this opened up the wonderful prospect of transmitting large amounts ot 
electrical energy. for industrial purposes to great distances without wires, a possibility 
which, up to that time, was thought of only as a scientific dream. Further investigation 
revealed the important fact that the conductivity imparted to the air by these electrical 
impulses of many millions of volts increased very rapidly with the degree of rarefaction, 
so that ai r strata at very moderate altitudes, which arc easily accessible, offer, to all 
experimental evidence, a perfect conducting path, better than a copper wire, for currents 
of this character. 

Thus the discovery of these new properties of the atmosphere not only opened up 
the possibility of transmitting, without wires, energy in large amounts, but, what was still 
more significant, it afforded the certitude that energy could be transmitted in this manner 
economically. In this new system it matters little - in fact, almost nothing - whether 
the transmission is eftected at a distance of a few miles or of a few thousand miles. 

While I have not, as yet, actually effected a transmission of a considerable amount 
of energy,. such as would be ot industrial importance, to a great dist~nce by this new 
method, I have operated several model plants under exactly the s~mc conditions which 
will exist in a large plant of this kind, and the practicability of the system is thoroughly 
demonstrated. The experiments have shown conclusively that, with two terminals 
maintained at an elevation of not more than thirty thousand to thirty-five thousand 
feet above sea-level, and with an electrical pressure of fifteen to twenty million 
volts, the energy of thousands of horse-power can be transmitted over distances 
which may be ~undreds and, if necessary, thousands of miles. I am hopeful, · 
however, that I may be able to reduce very considerably the elevation of the terminals 
now required, and with this object I am folldwing up an idea which promises such 
a realization. There is, of course, a popular prejudice against .using an electrical pressure 
of millions of volts, which may cause .sparks to fly at distances of hundreds of feet, but, 
paradoxical as it may seem, the system, as I have described it in a technical publication, 
offers greater personal safety than moot of the ordinary distribution circuits now used 
in the cities. This is, in a measure, borne out by the fact that, although I have carried 
on such experimepts for a number of years, no in jury has been sustained either by me 
or any of my assistants. 

But to enable . a practical introduction of the system, a number of essential 
require!llents are still to be fulfilled. It is not endugh to develop appliances by means 
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of which such a transmission can be effected. The machinery must be such as to allow 
the transformation and transmission of electrical energy under highly economical and 
practical conditions. Furthermore, an inducement must be offered to those whO' are 
engaged in the industrial exploitation of natural sources of power, as waterfalls, by 
guarnnteejng greater returns on the capital invested than they can secure by local 
development of the property. 

From that moment when it was observed that, contrary to the established opinion, 
low and easily accessible strata of the atmosphere are capable of conducting electricity, the 
transmission of electrical energy without wires has become a rational task of the engineer, 
and one .surpassing al~ others in importance. Its practical consummation wC1'.1ld mean 
that energy would be available for the uses of man at any point of the globe, not in 
small amounts such as might be derived from the ambient medium by suitable machinery, 
but in quantities virtually unlimited, from waterfalls. Export of po'Wcr would then become 
the chief source of income for many ~appily situated countries, as the United States, 
Canndl, Central and South America, Switzerland, :md Sweden. Men could settle down 
everywhere, fertilize and irrigate the soil with little effort, and convert barren deserts 
into gardens, and thus the entire globe could be transfdrmed and made a fitter abode 
for mankind. It is highly probable that if there are intelligent beings on Mus they 
have long ago realized this very idea, which would explain the changes on its surface 
noted l:y as~r:~nor.1ers. The ntmosphc:re on that planet, being of con~idernbly sm:~llcr 
density than that of the earth, would make the task much more easy. 

It is probable that we shall soon have a self-acting hcat·engine capable of deriving 
moderate amourits of energy from the ambient medium. There is also a possibility -
though a small one - that we may obtain electrical energy direct from the sun. T his 
might be the case if the MnJo.-.vellian theory is true, accordin~~ to which electric:1l 
vibrations of all rates should emanate from the sun. I am still invcstigatinJ: th is subject. 
Sir William Crookes has s!lown in his beautiful invention known as the "radiometer" 
that rays may produce by impact a mechanical effect, and th:s may lead to some 
important revelatic·n as to the utilizatioll' of the sun's rays in novel ways. Other sources 
of energy may be opened up, and new methods of deriving ener,cy from the sun 
discovered, but none of these or similar achievements would equal in importance the 
transmission of power to any di~tance through the medium. I can conceive o( no technical 
advance which would tend to unite the various elements of humanity more effectively 
than this one. or of one which would more add to and me-r~ economize human cncr!zy. 
It would be the best means of increasing the force accelernting the human 1:1~ss. The 
mere moral influence of such a radical departure would be incalculable. On the other 
hand, if at any point of the g lobe energy can be obtained in limited quantities from 
the ambient medium by means of a self-acting heat-engine or otherwise. the condition~ 
will remain the same as before. Human performance will be incr~sed, but men will 
remain stC3ngers as they were. 

I anticipate that many. unprepared for these results, which. through lon.tt familiarity, 
appear to me simple and obvious, will consider them still far from practical app lication·. 
Such reserve, and even opposition, of ~orne is as useful a quality and as necessary an 
element in human progress as the quick receptivity and enthusiasm of others. Thus, 
a mass which resists the force at first, once set in movement, adds to the ener,ey. The 
scientific man does not aim at an immediate result. He does not expect that his advanced 
ideas will be readily taken up. His work is like that of the planter - for the future. 
His duty is to lay foundation for those who arc to come, and point the way. He live3 
and labors and hopes with the poet who says: 

Srhaff, das T11gwerk meintr Hand,, 
Hohts G/iic/1, daSJ irh's vollende! 
Lllss, o lass mirh nirht ermattm I 
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Nein, es sind nicht leerc Triiume: 
f etzl nur Stant.CI!, diesc Diimue 
Geben eins noch Fruchl und Scha11en.1 

• Daily work - my hands'emp/oymenl, 
To complele is j;ure enjoyment! 
L~t, oh, let me never fa/Jeri 
No! 1here is no empty dreami11g: 
Lo! theu trees, but bare poles uemil1g, 
Y el will yield bosh /ruil a11d shelltr! 

Goctlu's •' flopr," 

(Translated by William Gibson) 

• 



THE TRANSMISSION OF ELECTRIC ENERGY WITHOUT WIRES* 

Towards the close of 1898 a systematic research, carried on for a number of years 
with the object of perfecting a method of transmission of electrical energy through the 
natural medium, led me to recognize three important necessities; First, to develop a 
transmitter of great power; second, to perfect means for individualizing and isolating 
the energy transmitted; and, third, to ascertain the laws of propagation of currents 
through the earth and the atmosphere. Various reasons, not the least of which was 
the help proffered by my friend Leonard E. Curtis and the Colorado Springs Electric 
Company, determined me to select for my experimental investigations the large plateau, 
two thousand meters above sea-level, in the vicinity of that delightful resort, which I 
reached late in May, 1899. I had not been there but a few days when I congratulated 
myself on the. happy choice and I began the task, for which I had long trained myself, 
with a grateful sense and full of inspiring hope. The perfect purity of the air, the 
unequaled beauty of the si..J', the imposing sight of a high mo'untain range, the quiet and 
restfulness of the place- aU around contributed to make the conditions for scientific 
observation ideal. To this was added the exhilarating influence of a glorious climate and 
a singular sharpening of the senses. In those regions the organs undergo perceptiple 
physical' changes. The eyes assume an extraordinary limpidity, improving vision; the ears 
dry out and become more susceptible to sound. Objects can be dearly distinguished there 
at distances such that I prefer to have them told by someone else, and .I have heard -
this I can venture to vouch for - the claps of thunder seven and eight hundred 
kilometers away. I might have done better still, had it not been tedious to wait for 
the sounds to arrive, in definite intervals, as heralded precisely by an electrical indicating 
apparatus - nearly an hour before. 

In the middle of June, while preparations for other work were going on, I arranged 
one of my receiving transformers with the view of determining in a novel manner, 
experimentally, the electric potential of the globe and studying its periodic and casual 
fluctuations. This formed part of a plan carefully mapped out in advance. A highly 
sensitive, selfrestorative device, controfling a recording instrument, was included in the 
secondary circuit, while the primary was connected to the ground and an elevated 
terminal of adjustable capacity. The variations of potential gave rise to electric surgings 
in the primary; these generated secondary currents, which in turn affected the sensitive 
device and recorder in proportion to their intensity. The earth was found to be, literally, 
alive with electrical vibrations, and soon I was deeply absorbed in this interesting 
investigation. No better opportunities for such observations as I intended to make could 
be found anywhere. Colorado is a country famous for the natural displays of electric 
force. In that dry and rarefied atmosphere the sun's rays beat the objects with fierce 
intensity. I raised steam, to a dangeroas pressure, in barrels filled with concentrated 

• The Electric;U, World and Engineer, March ~. 1904. 
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salt solution, and the tin-foil coatings of some of my elevated terminals shriveled up in 
the fiery blaze. An experimental high-tension transformer, carelessly exposed to the 
rays of the setting sun, had most of its insulating compound melted out and was rendered 
useless. Aided by the dryness and rarefaction of the air, the water evaporates as in a 
boiler, and static electricity is developed in abundance. Lightning discharges are, 
accordingly, very frequent and sometimes of inconceivable violence. On one occasion 
approximately twelve thousand discharges occurred in two hours, and all in a radius 
-:Jf certainly less than fifty kilometers from the laboratory. Many of them resembled 
gigantic trees of fire with the trunks up or down. I never saw fire balls, but as a 
compensation for my disappointment I succeeded later in determining the mode of their 
formation and producing them artificially. 

Experimental Laboratory, Colorado Springs. 

In the latter part of the same month I noticed several times that my instruments 
were affected stronger by discharges taking place at great distances than by those near by. 
This puz.z.led me very much. What was the cause? A number of observations proved that it 
could not be due to the differences in the intensity of the individual discharges, and 
I readily ascertained that the phenomenon was not the result of a varying relation 
between the periods of my receiving circuits and those of the terrestrial disturbances. 
One night, as I was walking home with an assistant, meditating over these experiences, 
I was Sltddenly staggered by a thought. Y cars ago, when I wrote a chapter of my 
lecture before the Franklin Institute and the National Electric Light Association, it had 
presented itself to me, but I had dismissed it as absurd and impossible. I banished it 
again. Nevertheless, my instinct was aroused and somehow I felt that I was nearing 
a great revelation. 

It was on the third of July - the date I shall never forget - when I obtaiJted 
the first decisive experimental evidence of a truth of overwhelming importance for the 
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advancement of humanity. A dense mass of strongly charged clouds gathered in the 
west and towards the evening a violent storm broke loose which, after spending much 
of its fury in the mountains, was driven away with great velocity over the plains. 
Heavy and long persisting arcs formed almost in regular time intervals. My observations 
were now greatly facilitated and rendered more accurate by the experiences already 
gained. I was able to handle my instruments quickly and I was prepared. The recording 
apparatus being properly adjusted, its indications- became fainter and fainter with the 
increasing distance of the storm, until they ceased altogether. I was watching in eager 
expectation. Surely enough, in a little while the indications again began, grew stronger 
and stronger and, after passing through a maximum, gradually decreased and ceased 
once more. Many times, in regularly recurring intervals, the same actions were repeated 
until the storm which, as evident from simple computations, was moving with nearly 
constant speed, had retreated to a distance of about three hundred kilometers. Nor did 
these strange actions stop then, but continued to manifest themselves with undiminished 
force. Subsequently, similar observations were also made by my assistant, Mr. Fritz 
Lowenstein, and shortly afterward several admirable opportunities presented themselves 
which brought out, still more forcibly, and unmistakably, the true nature of the wonderful 
·phenomenon. No doubt whatever remained: I was observing stationary waves. 

As the source of disturbances moved away the receiving circuit came successively 
upon their nodes and loops. Impossible as it seemed, this planet, despite its vast 
extent, behaved like a conductor of limited dimensions. The tremendous significance 
of this fact in the transmission of energy by my system had already become quite clear 
to me. Not only was it practicable to send telegraphic messages to any distance 
without wires, as I recognized long ago, but also to impress upon the entire globe 
the faint modulations of the human voice, far more still, to transmit power, in unlimited 
amounts, to any terrestrial distance and almost without any loss. 

With these stupendoUs possibilities in sight, with the experimental evidence before 
me that their realization was henceforth merely a question of expert knowledge., 
patience and skill, I attacked vigorously the development of my magnifying transmitter, 
now, however, not so much with the original intention of producing one of great 
power, as with the object of learning how to construct the best one. This is, essentially, 
a circuit of very high self-induction and small resistance which in its arrangement, mode 
of excitation and action, may be said to be the diametrical opposite of a transmitting 
circuit typical of telegraphy by Hertzian or electromagnetic radiations. It is difficult 
to form an adequate idea of the marvelo"us power of this unique appliance, by the aid 
of which the globe will be transformed. The electromagnetic radiations being reduced 
to an insignificant quantity, and proper conditions of resonance maintained, the circuit 
acts like an immense pendulum, storing indefinitely the energy of the primary exciting 
impulses and impressions upon the earth and its conducting atmosphere uniform 
harmonic oscillations of intensities. which, as actual tests have shown, may be pushed 
so far as to surpass those attained in die natural displays of static electricity . 

. Simultaneously with these endeavors, the means of individualization and isolation 
were gradually improved. Great importance was attached to this, for i~ was found 
that simple tuning was not sufficient to meet the vigorous practical requirements. The 
fundamental idea of employing a number of distinctive elements, ~operatively 
associated, for the purpose of isolating energy transmitted, I trace directly to my perusal 
of Spencer's clear and suggestive exposition of the human nerve mechanism. The 
influence of this principle on the transmission of intelligence, and electrical energy in 
general, cannot as yet be estimated, for the art is still in the embryonic stage; but many 
thousands of simultaneous telegraphic and telephonic messages, through one single 
conducting channel, natural or artificial, and without serious mutual interference, are 
certainly practicable, while millions are possible. On the other hand, any desired degree 
of individualization may be secured by the use of a great number of co-operative 
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. . 
elements and arbitruy variation of their distinctive features and order of succession. 
For obvious reasons, the principle will also be valuable in the extension of the distance 
of transmission. 

Progress though of necessity slow was steady and sure, for the objects aimed at were 
in a direction of my constant study and exercise. lt is, therefore, not astonishing that 
before the end of 1899 I completed the task undertaken and reached the results which 
I have announced in my article in the Century Magll%ine of June, 1900, every word 
of which was carefully weighed. 

Much has already been done towards making my system commercially available, in 
the transmission of energy in small amounts for specific purposes, as well as on an 
industrial scale. The results attained by me have made my scheme of intelligence 
transmission, for which the name of "World Telegraphy" has been suggested, easily 
realiuhle. It constitutes, I believe, in its principle of operation, means employed and 
capacities of application, a radical and fruitful departure from what has been done 
heretofore. I have no doubt that it will prove very efficient in enlightening the masses, 
particularly in still uncivilized countries and less accessible regions, and that it will 
add materially to general safety, comfort and convenience, and maintenance of peaceful 
relations. It involves the employment of a number of plants, all of which are capable of 
transmitting individualized signals to the uttermost confines of the earth. Each of them 
will be preferably located near some important center of civilization and the news 
it receives through any channel will be flashed to all points of the globe. A cheap 
and simple device, which might be carried in one's pocket, may then be set up somewhere 
on sea or land, and it will record the "ll'orld's news or such special messages as may be 
intended for it. Thus the entire earth will be converted into a huge brain, as it were, 
capable of response in every one of its pa.rts. Since a single plant of but one hundred 
horse-power can operate hundreds of millions of instruments, the system will have a 
virtually infinite working capacity, and it must needs inunensely facilitate and cheapen 
the transmission of intelligence. 

The first of these central plants would have been already completed had it not been 
for unforeseen delays which, fortunately, have nothing to do with its purely technical 
features. But this loss of time, while vexatious, may, after all, prove to be a blessing 
in disguise. The best design of which I kn.ew has been adopted, and the transmitter 
will emit a wave complex of a total maximum activity of ten million horse-power, 
one per cent. of which is amply sufficient to "girdle the globe". This enormous rate of 
energy delivery, approximately twice that of the combined falls of Niagara, is obtainable 
only by the use of certain artifices, which I shall make known in due course. 

For a large part of the work which I have done so far I am indebted to the noble 
generosity of Mr. J. Pierpont Morgan, which was all the more welcome and stimulating, 
as it was extended at a time when those, who have since promised most, were the 
greatest of doubters. I have also ~'0 thank my friend, Stanford White, for much 
unselfish and valuable assistance. This work is now far advanced, and though the results 
may be tardy, they are sure to come. 

Meanwhile, the transmission of energy on an industrial scale is not being neglected. 
The Canadian Niagara Power Company have offered me a splendid inducement, and 
next to achieving success for the sake of the art, it will give me the greatest satisfaction 
to make their concession financially profitable to them. In this first power plant, which 
I have been designing for a long time, I propose to distribute ten thousand horse· power 
under a tension of one hundred million volts, which I am now able to produce and 
handle with safety. 

This energy will be collected aU over the globe preferably in small amounts, 
ranging from a fraction of one to a few horse-power. One of its chief uses will be 
the illumination of isolated homes. It takes very little power to light a dwelling with 
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vacuum tubes operated bJ! high-frequency currents and in each instance a terminal a 
little above the roof will be sufficient. Another valuable application will be the 
driving of clocks and other such apparatus. These clocks will be exoeedingly. simple, 
will require absolutely no attention and will indicate rigorously correct time. The idea of 
impressing upon the earth American time is fascinating and very likely to become 
popular. There are innumerable devices of all kinds which are either now employed or 
can be supplied, and by operating them in this manner I may be able to offer a great 
convenience to the whole world with a plant of no more than trn thousand horse-power. 
The introduction of this system will give opportunities for invention and manufacture 
such as have never presented themselves before. 

Knowing the far-reaching importance of this first attempt and its effect upon 
future development, I shall proceed slowly and carefully. Experience has taught me not 
to assign a term to enterprises the consummation of which is not wholly dependent on 
my own abilities and exe.rtions. But I am hopeful that these great realizations are not far 
off, and I know that when this first work is completed they will follow with 
mathematical certitude. 

When the great truth accidentally revealed and experimentally confirmed is fully 
recognized, that this planet, with all its appalling immensity, is to electric currents 
virtually no more than a small metal ball and that by this fact many possibilities, each 
baffling imagination and of incalculable consequence, are rendered absolutely sure of 
accomplishment; when the first plant is inaugurated and it is shown that a telegraphic 
message, almost as secret and non-interferable as a thought, can be transmitted to any 
terrestrial distance, the sound of the human voice, with all its intonations and inflections, 
faithfully and instantly reproduced at any other point of the globe, the energy of a 
waterfall made available for supplying light, heat or motive power, anywhere - on sea, 
or land, or high in the air - humanity will be like an ant heap stirred up with a stick: 
See the excitement coming! 

• 

}2, Nikolo Trslo 
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SCIENCE AND DISCOVERY ARE THE GREAT FORCES WHICH WILL 
LEAD TO THE CONSUMMATION OF THE WAR • 
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Whatever future ages may have in store'_for ,the human race; th~ develop~t so 
f:1r would. indicate as its probable fate per.p.~tUal .~tr.ife'. Civilization ai,OJ?e is "evii!ently . 
insufficient for insuring permanent peace on earth. It but retards the: dash to_l!dd to 
its intensity and magnitude, m,aking it all the more dreadful and ruinous. . . 

. The present colossal . struggle 2reates .. an imp(ession' apajt, a feeling of awe, a 
sense of solemnity, springing from the knowledge that ~ . terrible cala.ni.ity, ' greater 
than a.ny reco.rded in the annals of history, has" befall~n the world. Sudderily awakened 
f rom . fancied security to the conscioushess' 'of insiispected . and · unive"rsal darger, the 
nations stand aghast. It )s as if SO!Jl~ v,ast terrestrial." uph~val were_ taking place, ·as if 
gigantic forces were unchained, threa~ening the ent_ire globe. · · ·. · 

Never before were ·such immense armi~ engageci in battle. and such frightfully 
destructive implements employed; never was so m,uch ·dependent on. a vidoiy o£ arms. 
Already the losses inairred . amount . to tens of billions of dollars; '.more than three 
million men have been killed and · disabled, 'and · fot each of these ten, at least, have 
been turned into nervous wrecks, which will impress their miseries· on the succeeding 
generations and darken their days. All the world over countless sufferers, torn by anxiety, 
ask th·emselves how long is this appalling slaughter and sacrilegious waste to continue. 

War is essentially a manifestation of energy involving the acceleration and retardation 
of a mass by a force. In such a case it is a universally established tmth that the time neces· 
sary to impart a given velocity and momentum is proportionate' to the mass. The same law 
also applies to the annihilation of velocity and momentum by a resisting force. Translated 
in popubr language this means that the period or duration of an armed conflict is 
theoretically proportionate to the magnitude of the armies or number of cembatants. 

It is obviously assun1ed that the resources arc ample and all other conditions equal. 
Furthermore, in making deductions from previous \Vars a number of factors have to 
be taken into consideration and all quantities estimated at their proper value on the basis 
of statistical and other data. Supposing that, as it appears, 12,000,000 men are engaged 
in the present struggle, a comparison with some of the past wars gives the following 
msults: 

Number of 
'i.Vars Combatants 

Civil war . . . . . . . 4,600.000 

Present war . . . . . . . 12,000.000 

Franco-German 
war • • . • • • . • . • • • 1,700.000 

Present war . ........• 12,000.000 

D uriltjon 

Y. M. 

4 

10 

Remarks 

Protracted by distance, poor comm unication 
and ineffective arms. 

13 Equipment not quite modern. 
7 6 

• The Sun, Dec. 20, 1914. ("Nikola Tcsla looks to Science to end the War") 
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Russo-Japanese . 
war • • • • • • 0 • • • • 2,200.000 1 

Present war ....... , . 12,000.000 8 
First Balkan 

war · . . . . . . . . . . . 1,200.000 

Present war . . . . . . . . . . 12,000.000 5 

Hypothetical 
average war . . . . . . . . 2,425.000 1 

Present war ... .... ... 12,000.000 8 

6 

6 
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~en<d by distance, poor communication 
and nature of ampaign. 

In all respects up to date. 

9 Various auses affecting duration. 

6 

Much more concordant and shorter terms would be obtained in these comparative 
estimates if the records available were corrected as indicated and due allowances made 
for the facilities of transport and communication, increased power and destructiveness 
of arms and other factors tending to magnify the rate at which energy is delivered, 
and so to hasten the termination of the clash. The best inference is certainly that drawn 
from the Balkan war, as the most modem, according to which the term should be five 
years. Even thoilgh this be but a rough approximation, it is sufficient to show that, 
barring some extraordinary development, this war will be a long one. · · 

· · Indeed, it seems on purely scientific grounds that a conflict on such a vast scale 
can only be ended by exhaustion. • The enormous extent of the battle front, owing 
to numbers and attendant impossibility of striking a decisive blow, is in further support 
of this theory. It is also highly significant to observe in this connection how the 
original battle lines, determined in advance by. strategy, have been gradually shifted and 
straightened, contact between the fjghting masses being finally established on lines fixed 
by natural . law and brute force .of push in defiance of military design. The likelihood 
of such termination is increased by the fact that the disturbance extends over an immense . 
area, making the supply of necessities to some of the affected regions exceptionally 
difficuLt. 

Accepting, then, this theory as correct, we are justified in expecting that, conditions · 
remaining normal, the struggle will last more or less according to the form the 
exhaustion may take. Lack of food, dete.rioration and shortage of equipment, want of 
metals, chemicals and ammunition, scarcity of ready capital, failing supply of trajned men 
or sheer giving out of human energy are some of the elements to be reckoned with, any 
one of which may compel · an early cessation of hostilities. That the war cannot be 
continued much longer with its present intensity can be easily shown. 

The daily cost of operation is more than forty millions of dC?llars, and judging 
from the casualties recorded to date, twenty-five thousand men, on the average, are 
killed and disabled in battle every day. At that rate only four more months of active 
campaign would result in an expenditure of five billions of dollars and a loss of life 
of three millions of men. This is, manifestly, too great an additional burden to be borne, 
for even though the fighting material might be available, capital is sure to be lacking. 
It could be, therefore, concluded with certitude that peace would be restored before 
next winter, w_ere it not for one possibility, or rather probability, that of a deadlock, 
which ~ould be the very worst calamity, for, in view of the real cause of the trouble 
an~ the temper of nations 'involved, it could not fail to protract the war for years. 

Prophesying js an ungrateful occupation, but scientific forecasting is a useful form 
of endeavor and would be much more such if human nature were not so prone to 
leave advice and lesson unheeded. Having made a careful study of the situation, an 
expert can predict certain happenings with perfect confidence. There are now only 
three possible issues of this war: first, collapse of Austria; second, conquest of England 
by the Germans, and, third, Germany's exhaustion and defeat. 

The fall of Austria is inevitable and must occur within the next few months. She 
may defy German influence and sue independently for peace to save herself, but it is 
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doubtful that she could oHer anything accep11ble to the Allies. Much more likely it 
is that the old Emperor, tired of life and recognizing the injustice of Austria's ause, 
will himself abdicate and recommend partition. . 

This may not be unwelcome to hard pressed Germany, for it will open up a way 
of making peace on terms which will not be humil iating and compensate her for the 
probable loss of Alsace-Il>rraine and East Prussia. 

The dual monarchy has mainl1ined herself through decades as if by a wonder. I t 
would have been dissolved long ago had it not been for the stubborn adherence of 
Hungarian magnates to a promise given to' Maria Theresa and the extraordinary 
popularity of the reigning dynasty, largely due to compassion of the subjects of all 
nationalities aroused by the many strange misfortunes which have befallen the house of 
Hapsburg. It is well recognized that the unnatural existence of this feudal state has been 
a consl1nt menace to European peace and is the chief cause of the present upheaval. 
A division of Austro-Hungarian territory along racial lines will satisfy all warring nations 
on the European continent. This is sure to come. I t is a process natural and unavoidable 
as the falling of an overripe apple from the tree. 

Regarding the second possibility, it is still unsafe to make a prediction and further 
developments must be awaited before a conclusion can be drawn as to the outcome. 
There are many indications that Germany is preparing for an -attack on Engbnd with 
all energy and speed, and perhaps her operations in the east and west serve the purpose 
of masking this move. The tension between the two countries is very great, the causes 
of the quarrel peculiar and a peaceful solution of the difficulty is next to impossible. 

The third of the issues mentioned would mean a very long war. Germany cannot 
break through the steel wall in France and Belgium; her partial victories in Poland can 
make no impression on the Russian masses. Gradually she must settle on a defensive. 
She ha,s the greatest load to carry and must give out first, according to f inllllciers and 
sl1tisticians. 

But with a people so intelligent, industrious, resourceful and solidly united such 
forecasts are ha.zardous. The Germans are fully apable of "making two blades of grass 
grow where one grew before" and·it is precisely beause of this and their perfect military 
organi~tion that the danger of a long conflict exists. Such a prospect is enough to 
cause the gravest apprehensions and the uppermost thought in the minds of seers is how 
to prevent such paralysis of progress and horrible carnage and waste. Can it be done? 

There is a grim determination of all directly concerned to fight the issues to the 
bitter end on the ground that a premature peace, leaving the vil11 questions unsettled, 
would only mean the continuance of the existing pernicious regime and repetition of 
the evil. A new and irresistible argument must be brought forward to stop the conflict. 
The case is desperate, but there is a hope. This hope lies in science, discovery and 
invention. 

Modern machinery wrought by science is responsible for this calamity; science will 
also undo the Fnnkenstein monster it has created. Centuries ago an ingenious 
contrivance of Archimedes is said to have decided a battle and terminated a g reat war. 
Be it a myth or a fact, this story affords an. inspiring lesson. What is needed at this 
psychological moment is some such revelation. A new force, a new agent, a demonstration 
by any means, old or novel, but of a kind to surprise and suddenly illuminate, to 
bring the belli&ercnts to their senses and furnish irrefutable proof of the folly :1nd 
uselessness of carrying on the brul11 fight. 

This idea, to which I have myself devoted years of work, has now taken hold of 
scientific men and experts· all. the world over. Thousands of inventors, fired on by this 
unique opportunity, are bent upon developing some process or apparatus for accompli
shing the purpose, and there is feverish activity in France, Russia, and especially 
in Germany, among electricians, d1cmists and engineers. \Vhat the genius of nations will 
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bring forth none can tell, but it is not too much to say that the results will be of such 
character as materiaiJy to affect the outcome and duration of the struggle. 

I t is on this account that importance attaches to vague reports of mysterious 
experiments with Zeppelins, explosive rays and magic bombs, for though such news 
items cannot be accepted as true, they reveal just so many startling possibilities. In 
the production and appliotion of novel means of w:ubre Germany should be first, no 
only by reason of superior f:~cilities md excellent training of her experts, but because 
this has become a dire necessity, a question of life md death in her present trying 
position. 

The uncertain md often conflicting despatches of the daily happenings received 
from various sources have made it difficult to form a decided opinion as to the actual 
state of things, but in spite of rigid censorship the main facts have gradually transpired. 
One of these is that the Germans were the only people ready for war. 

Not even the French, who boasted of preparedness, were able to mobilize on 
time. The inva.sion of East Pt\lssia was but a daring stroke of the Russians to draw the 
enemy and relieve the pressure on France, successful but very costly to them. As to 
the complacent Britons, they were fast asleep. Whatever may be said against Great 
Britain, her utter uoreadiness and the great danger to which she was exposing herself 
by her ultimatum to Germany would seem to be proof positive that she did not desire 
to enter the conflict . 

.Another fact, equally apparent, is that Germany, not content with :1 partial, even 
if certain, victory, had determined to defeat all the Allies in quick succession. Her plan 
of dictating terms of peace first in Paris, then in Petrograd, and finally in London, 
was not adopted as a military necessity, but as a deliberate programme based on the 
:lbsolute confidence in the overwhelming power of her urns. Nor did she mean to 
stop at that. Her aim was much higher; she wmted nothing less than to rule all nations. 

This is now frankly admitted by many of her leading men. To most of us such 
an undertaking is dumfounding in its boldness and magnitude, all the more as it is 
intended to be orried through by force. But it would be :1 mistake to accuse the Germans 
of conceit and arrogance. They are convinced of their superiority, :~nd it must be 
admitted that there is some justification for their attempt. 

The question has often been raised as to whether our further development will be 
in the direction of the artistic and beautiful or the scientific and useful. 111c inevitable 
condusion is that art must be sacrificed to science. This being so, the rational Germans 
represent the nearest approach of the hummity of the future. The Slavs, who arc in 
the ascendency md wiU lead in their tum, will give a fresh impetus to creative and 
spiritual effort, but they too will have to concentrate on the necessary :1nd practical. 
A world of bees will be the ultimate result. 

Germany has been foiled in her attempt. Though still undefc~tcd, her c.unpaign 
is n failure. Mnny statements have been made in explanation of the sudden halt of her 
victorious armies, as if by a mirncle, at the very gates of Paris, but the views expressed 
are of speculative character and do not deal with the real physical causes. These may 
be briefly elucidated. 

The German war machine is an attempt to substitute for an assemblage of loosely 
l inked temperamental and problematiol units a. compact md apathetic mass moving 
at command with dock precision, machinelike, impassive, indifferent to danger and 
death, in battle the same as on para-:le. Its conception rests on a deeply scientific 
foundation. Every human being is swayed by courage and fear, but the former predomi
nates. This is evident, for life or existence itself is a strusgle fraught with perils and 
p:~ins which must be met with determination :~nd fortitude. Fear comes from the 
consciousness of inimical environment md is nccentuated by isolation. 
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When many men are placed close together the friendly surrounding and sense of 
connectedness arc productive of a distinct psychological mass effect, calming the nerves 
and subduing d1e inborn dread and apprehension. On dle other hand, f rcqueot and 
severe drilling kept up for rears, besides being conduci,·e to precision and synchrony 
of mo,ements, is of decided hypnotic influence, still further eliminating individual 
initiative and incertitude. Thus results a strong and healthy body which moves and 
acts as a unit, which is without human failings and shortcomings and capable of 
maximum performance through well directed and simultaneous application of separate 
efforts. 

Such is the formidable engine G~rmany has perfected for the protection of her 
Kultur and conquest of the globe- an unfc:cling automaton, a diabolical contrivance for 
scientific, pitiless, wholesale destruction the like of which was not dreamed o f before. 
It is believed to express dle highest efficiency, but is decepti,·e in this respect, to none 
more than the Germans themseh·es. In reality this modern '1\•ar machine, considered 
as a transformer of energy, is barbarously wasteful. 

N ot only does it caU for enormous expenditure -;,f moner and effort "hen idle. 
but in,·ohes a fundamental fallacy whic'h military writers ignore, namelr, dle conditions 
determining its performance, and therefore its efficiency, arc largely, if not wholly, 
controlled by the enemy. Indeed, it is lack of appreciation of this trudl that is responsible 
for the Paris failure. 

The first of the two chief causes of German unsuccess is found in the admirable 
defensive tactics of the French, who refused to make a stand for a decisive battle, 
thus preventing the German machine from developing its full power and compelling 
it to work at low efficiency. The second, even more important, was the result of undue 
hurry of the Germans, who drove their engine too fast, thereby increasing greatly the 
losses without adequate gain in useful pnformancc. Had they taken more time, which, as 
subsequent de,elopmcnts haYe shown, they could ha'e well afforded, dlere would ha'e 
been more energy conserved and the task in all probability successfully accomplished. 

TI1e most surprising of the facts which ha'e transpired is that there ha'e been 
made in diplomatic transaction and conduct of the German campaign a number of 
;<rievous mistakes, so patent now that no representations of the press can disguise them. 
This is a re' elation for which the world was least prepared and which shows clearly 
that German erudition and technical proficiency have been obtained at the expense 
of intuition, tact and good judgment. 

What a blunder was the violation of Belgian neutrality, what an error the 
expectation that England wo11ld tolerate an encroachment so dangerous to her existence, 
that Italy would sacrifice her fleet and commerce to please the alliance! The Germans 
had wonderful guns, rendering fortifiC:ltions useless, and yet in attackjng France, instead 
of the shortest route, they took a circuitous path through Belgium, thus losing time 
and conjuring new perils and complications besides. Tens of thousands of men were 
driven into certain death in Yain assaults in mass formation when a few shots from 
these guns would have been sufficient to IC\·tl the forts. 

Troops were withdrawn from France to less important points at dle ,·ery moment 
when their presence meant certain victory. The Germans could ha,·e marched on 
Warsaw and Petrograd before the enemy was ready to put up an effective resistan<c, 
yet they delayed the invasion until the Russians brought up their millions. They could 
have taken Dunkirk and Calais without great effort and so avoided dle terrible losses 
which this task, if at all realizable, must now inYolve. At present they are recklessly 
venturing far into Russian teritory against overwhelming numbers and in a season 
when snow-storms may cut the communications and put the whole army at the mercy 
of the enemy. 
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What explanation can be offered for the5e and other sin~ errors of a nation 
to which economy is religion, which is admittedly the first in achieving successes in the 
most scientific manner, along line5 of least re5istance? Only one reason can be given 
and it is one which has caused the downfall of many an empire! It is overconfidence 
nnd contemptuous disregard of the adversaries. 

Germany began the war with a blind faith in an offensive which knows no 
opposition. She bas learned, after a frightful and unnecessary sacrifice of life and 
property, that France can be strong without Napoleon, that the rights of liberty loving 

·nations, as the Belgian and Servian, cannot be trampled upon with impunity, that 
Russia is no longer the clumsy and helpless beast of the north. She bas fin:~lly recognized 
what she should have kno'Wn from the first, that England is her most dangerous enemy. 
She might mainbln herself against the armies of the Continent, but" with Gre:it Britain 
shutting lier off from the se:1 and strangling her by ' degrees the task is rendered 
impossible. 

Vitt.ory over tne Allies in the west, if at all obtainable, VfOUld weaken h~r to the 
point o( danger; in the East the situation is becom.ing more hopeless eve·ry hour. 
Germany is losing ten thousand men and spending seven!)'-five ·millions of marks 
:1 day. Her life blood is ebbing fast; .. in the end she must lose. The only way to win is 
to crush England.' In doing this she frees herself from the deadly grip at her throat 
and triumphs over all her enemies. · · · 

• • 
The Fatherland 'is now aflarpe with this though't and has started, ~ith energy never 

shown before, a . n'ew campaign which if undertaken four months ago might have 
terminated 'the war _before it was fairly under way. Germany enters this mortal. combat 
not, with the cold deliberation of ~ military power but with th~ passionate resolve of 
:t nation animated 'by that one desire. She depends for success not only on her gene.rals 
but on her physicists, engineers, inventors, chemists and artis~ and on her volunteers 

• who wi II offer tbemseh·es as rruutyrs for her cause. 
She may make .raids and demonstrations to trap the enemy, but she does not have 

the remotest intention to engage the British fleet in open battle. \'<'hat she proposes 
to do is to destroy it by hellisli means and artifices wit~out losing a single ship of her 
own. Unless England V(akes up immedi.ately to this grnv~ danger and prepares to meet 
science with science, skill with skill and sacrifice with sacrifice, the next few months 
may be critical for her reign as mistress of the se:1s. TI1at the rules set down at The 
Hague arc ineffective in preventing the use of infernal devices has been alre:1dy shown. 
International agreements arc of two kinds and may be classified under two captions, 
which arc: "United we stand, divided we fall" and "Circumstances :tlter cases." TI1c 
provisions of The Hague are of the latter kind. 

Those who would brush aside the above suggestion as highly improbable i£ not 
preposterous should be:lr in mihd that a great nation leading in technical achievement 
is mnking a fight for its existence nod that invention has al ready provided means by 
which such destruction can be accomplished, while others are foreshadowed in scicntif1c 
investigations of recent years. TI1c question that will interest everybody is what methods 
and contrivances is Germany likely to employ in her cunning undertaking and how can 
her efforts be met and frustrated? 

In her attack upon England four ways a.rc open to Gcnn:1ny: First, for('eful invasion 
in disregard of the British f leet; second, engagement with the fleet in open battle; 
third, gradual destruction nod weakening of the fleet by devices other than guns, and 
fourth, aerial attacks on land and sea. 

History is full of daring conquests. It may be · that we :ue to witness the most 
remarkable of all. The British Isles have been invaded before, but it was in times of 
primitive arms. TI1e means of defence have been brousht to grc:tt perfection, it is true, 
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but this is large!)• offset by correspondingly increased powers of offcnsi,e. The feat is 
difficult but not impossible. 

Strategy, however, can play no important part in its consummation. It is a case of 
Hannibal crossing the Alps, a problem of 0\'ercorning natura l barriers. England has 
a small coast line on which landing- canbe effected and many places arc likely to be 
we ll guarded and fortified. If the Germans contemplate invasion it will come like 
a lightning stroke. They will attempt it in broad daylight and in their favo red manner 
of hacking through the obstacles regardless of loss. Their frantic efforts to get control 
of the coast would seem to indicate that such is their intention. 

Many experts are of the opinion that so long as there is a superior British fleet 
in existence an undertaking of this nature is wholl)' out of the question, but this is a 
mistake. It is certainly possible for the Germans to establish an operating zone in the 
Channel, protected on the sides b)' impenetrable mine fields and submarines. W h:lt is 
more, the possession of Calais, while it would be of g reat advantage to them, is nor 
absolutely necessa ry to thei r purpose. 

Whatever the p lan, it will be a piece of engineering worked out in all detai ls 
with German thoroughness. That is the reason why no credence can be placed 
in the flimsy p roposals which ha,·e been described in some papers. No f~ible 
scheme has as yct been disclosed, but I think that I am guessing correctly when I say 
that the Germans contemplate the use of specially designed floating fort resses, which 
will be in sections and transportable by rail. 

They will be made virtually im·ulnerable to torpedo and gun attack and will be 
equipped with guns of g reat range and destructive power constructed with this very 
object in view. Under the protection of these fortresses, which wi ll sweep the coast 
clear, landing of troops and artillery is to be effected while bodies of infantry are 
transported through the air, th is latter operation being performed under cover of 
dukness. With guns of inferior calibx, and more or less unprepared, it will be hard 
for d1e Britons to frustrate the attempt. 

There is some foundation to the belief that the GermarlS may venture a na' a1 
engagement on a large scale. They ha"e a smaller number of vessels, but they are 
mostlr of quite modern type and without doubt every unit is in perfect order. All 
reports agree that thei r guns arc superior to those of the British, both in range and 
durabi lity. The Germans arc masters in the manufacture and treatment of heat resisting 
materials and many technical brand1es in other cow1tries are entirely dependent on thcar 
product. When we add to this advantage the possibilities offered by mines, torpedoes, 
submarines, Zeppelins :wd other means of destruction, skilful manoeu' re and surprise 
the numerical inequality of the fleet assumes secondary importance. 

The marvelous exploit of a sm:tU German submarine which sank four British 
cruisers and escaped undamaged is in itself sufficient to justify the conclusion that the 
impending duel between the two countries will not be decided by guns and armor 
alone, considered heretofore supreme on the ocean. And yet the full capabilit ies of 
this kind o f craft remain to be shown. 

Germany is apt to go other nations one better. Most inventions originating elsewhere 
arc improved by the Germans. Not only this, but they work for effect, knowing that 
to surprise is to strike, to strike is to win. It is highly probable that they ha,·e developed 
new things in submarines :wd may have sol\'cd the particubr problem confronting them 
now, which is to destroy battleships in protected harbors. 

This might be done by miniature \'esse Is of simplified construction "hich would 
be virtually nothing but torpedoes and manned with one or two volunteer operators. 
The displacement would not need to be more than fi,·e tons, so that two or three, if 
not more, could be lowered from a Zeppelin in conv~nient local ities at night. Such 
devices controlled by resolute men would be a new terror of the sea hard to guard 
against. 
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. 
In general it will be very difficult for the British to combat effroively the 

subnu.rine peril. An airship or aeroplane can be fought with a similar machine, but 
under water this method is impracticable and special craft will have to be perfected. 
Battleships might discourage submarine attacks by small shells filled with explosives 
of very high velocity so as to produce shocks of great intensity. Minute mines may 
also be employed, so constructed as to float at a certain depth and to explode on cont11Ct. 
They would do no harm to a large surface vessel but would reveal the presence of and 
injure a submarine, the delicate apparatus of which is easily deranged. 

Next to guns the Zeppelin form of airship is the most valuable war asset of the 
Germans; at least they think so. Many difficulties h:1d to be overcome in its development. 
A process of manufacturing cheaply pure hydrogen was perf«ted, a new alloy of 
remarkable strength and lightness produced, suitable and highly economical engines 
constructed and a number of other technical problems successfully solved. While not 
involving great originality it was a notable advance such as could only be achieved in 
Germany. Much has been said, both in exaltation and depreciation, of the Zeppelin, 
making it necessary to separate the wheat from the chaff before expressing an opinion 
as to its merits. 

A claim has been advanced that a new non-inflammable gas was recendy discovered, 
by the use of which the carrying capacity of the vessel is increased two and a half 
times. The only foundation of this persistent report is that according to the periodic 
hypothesis of elements evolved by the great Russian Mendelejeff, which has proved 
an unerring guide in chemical research, there should be a gas of an atomic weight 04. 
In a way its existence is demonstrated in the solar corona - hence the n:~me coronium -
and also in the aurora borealis, in which case it is referred to as terrestrial, or . 
geocoronmm. 

In order to estimate what Germany might do with her air fleet a correct guess 
must be made as to its magnitude. Prior to the declaration of war she had thirty-six 
vessels of various sizes and actual facilities for turning out from eight to ten each month. 
But under war pressure this rate could be gready increased. 

The machine has pa.ssed the experimental stage and it is simply a question ot 
reproduction. In view of the sittution it would not be ~urprising to find that a hundred 
or more have been manufactured by this time. Produced in such numbers the cost of 
each would not be more than $ 125,000, which means that one hundred could be had 
for the price of one single dreadnought. 

The carrying capacity has heretofore been given on the basis of passenger weight, 
but for war purposes it could be considerably increased, and in the l:ltest type it might be 
as much as twenty tons. Such a vessel could transport 200 men with full equipment and 
a fleet of 100 could land 20,000 men in one operatio:1. 

But the possibilities of damage by explosives are much more impressive, especially 
as it can be inflicted without risk. A Zeppelin fitted out with proper instruments may 
sail in J>erfect safety at great height, find the exact point for attack by reference to two 
wir:less plan~ in absolute darkness, drop many tons of picric compound and do this 
agaan and agatn. 

Several experts have expressed themselves in a slighting manner in regard to the 
destructive effects, but the fact is that the explosion of three tons of dynamite produces 
an earthquake perceptible at a distance of thirty miles. If ten tons of clastic explosive 
were dropped into the heart of a large city thousands would be killed and hundreds of 
millions of property :~nnihilated. Suppose that a fleet of 100 such vessels were to pass 
over England at night dropping 100,000 bombs of twenty pounds. Who can judge of 
the damage and demoralization which would ensue? 

At the outbreak of the war it was reported that t11e Germans had devised a shell 
the poisonous fumes of which were of great destructiveness. Shortly after a marvelous 
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new explosive was said to have been produced in Fran<e named tuipm1te. The fi rst 
intimation came from military quarters and some weight was attached to the news on 
this account and a lso because the discovery was attributed to Eugene Turpin, an 
ingenious and prolific inventor of chemicals. 

TI1e idea of employing poisonous or asphyxiating bombs is old . It is authoritatively 
stated that sonic were actually thrown during the second siege of Paris against the aimy 
of Versailles, but with the only result of killing the expert who was filling them. 
There is a natural and deeply rooted p rejudice against the employment of poisonous 
agents in warfare, and many of those who tolerate the present methods of destroying 
life ·would shrink from such use. Yet de-ath from many of the toxins known is less 
painful and disfi1;uring. 

In the absence of demonstrated facts I will endeavor to show in a few words 
how · the effectiveness of such means can be enormous ly increased. Consider fi rst a 
large shell which, on striking the ground, liberates a poisonous gas of atmospheric 
density · spreading in half a sphere, and let the effective radius be 1,000 feet. Now 
imagine that an equivalent char,s;e is subdivided in one million parts, giving that many 
little she ll s which can be scattered over a la rge area. Then, since the gas will be of 
the same volume as before, the radius of action of each shell will be ten feet and their 
combined destructive effect will be 100 times g reater than that of the large shell; in fact, 
much more so, for the distribution of the gas will not be uniform. It will be seen the 
secret lies in the employment of extremely small charges in g reat numbers . 

The same reasoning leads to the conclusion that by using minute projecti les of 
tungsten dipped in curare or similar poison, paralyzing heart or locomotor function, a 
tneans for f igh ting battles would be provided more humane than the present and 
incompaiably more effective. A complete revolution in methods of attack may be brought 
on through the usc of toxins or asphyxiants heavier than air. This may ~ illustrated 
by an example. 

Let us suppose that ten tons of such l iquefied gas are diOpped on a battlefield from 
an aerial vessel. On evaporating a gas blanket will be formed over the earth's surface, 
the effective height o f which may be assumed to be ten feet. If ten cubic feet of the 
gas weigh one pound, then ten tons wil l give 200,000 cubic feet of gas, which may be 
more or less diluted, according to its toxic activity. Assun1e that it is not 
more pOisonous than carbon monoxide, which is fatal when its percentage 
in the atmosphere is one-half of one per cent. That means that the gas 
blanket will contain 40,000,000 cubic feet, and being ten feet h igh it wi ll cover 
4,000,000 square feet, o r, roughly, I 00 acres. In a populated city, on account of st ructures 
and other objects, the dead ly zone would be very much extended. 

This is dan,s;er enough, but if a gas were employed of lethal power equal to that of 
prussic acid, aconitine o r of the strongest poison known, pseudoaconitine, the destruct ive 
area would be a hundred times greater. Evidently then there is a prospect that the chemist, 
who is laigely responsible for the war, may also find the means of compelling its 
speedy termination. 

Tdautomatics is a name suggested for the wireless cont rol of the organs and 
translatory movements of self-propelled automata. fifteen years ago I showed its first 
appl ications and the results were received with an interest such as only few inventions 
have elicited. My demonstrations were repeated in Germany and other countries, but 
on account of the fact that Hertz wav~s and imperfectly tuned circuits were employed 
a general impression was created that such d istant control of apparatus was not absolutely 
reliable. 

A further argument was advanced that if it were unfailing, volun tee rs could always 
be found ready for sacrifice and more dependable because of intell igence and judgment 
not possessed by an inanimate machine. This view is held by those who are now 
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ad,·ocating the use of manned aerial torpedoes, but nothing could be more erroneous. 
A crewless vessel controlled by proper wireless npparatus is in every way superior as 
a means of :~ttack. 

L'lrge guns are now being manufactured in Germany so expensive and shortlivcd 
that a single shot from them costs a small fortune. !t would be possible tOI produce 
for less than the price of a shot a tclautomatic aerial torpedo of mucH longer range 
and greater destructiveness which would hit its mark every time and dispense with the 
necessity of the gun altogether. 

The new principle can also be applied to a submarine, and, particularly in connection 
with control from great elevation, it will afford the most perfect means for coast 
defence so far devised. But its full possibilities will only be :~ppreciated when the use 
of certain electrical waves to which the earth is resonantly responsive becomes general. 
I t will then.be practicable to despatch a crewless boat or balloon to distances of h11ndrcds 
of. ~iles, guide it alo~g any chart at" will and release its potential energy at any point 
<j~tred. • . 

Great many of the present means :~nd methods wil! then become obsolete. It is very 
likejy that if this war is protracted this invention will prove of imporbnce. Rcceq! 
reports would indicate that experiments> are _being mac!_e in Germany with telautomatj_c 
torpedoes· released fro111 balloons. ., , , 1 .. 

One good effect of ·this disastrous disturbance will be a· long period of pnte. 
This is a natural consequence Of the law that action and reaction:.:ue equal. But' in the 
present phase of human development occasion:1l convulsions are in the order of things. 
A still greater ~truggle will probably come, that between tht united races of the: Orient 
and Occident. : , · · · · · • · . 

• So long as there are different nationalities there will be patri~tism. This feeling 
must be eradicated from our hearts before permanent pe;tce can be established. Its place 
must be filled by love of nature and scientific ideal. Science and discovery are the great 
forces which will l_ead to that consurrunation. · · 

I have jus~ made known an invent\qn which will show to electricians how to produce 
immense electrical pressures and activities. By their means many wonderful cesults will 
be achieved. The h~an voice and likeness will be flashed around the gl_obe' wit:hoot 
wire, energy projected through space, the wastes of the ocean will be made snfe ''to 
navigation, transport facilitlted, rain precipitated at will and, perh:1ps, the inexhaustible 
store of :ltomic energy released. 

Ad,:lnces of this kind will, in times to come, remO\'C the physic.U auses of war, 
tht: chief of which is the vast extent of this planet. lbe g1adual :tnnihibtio11 of distance 
will put human beings in closer contact and harmoni:te their views :md aspirations. 
The h~rnessing of the forces of n~ture will b:mish misery ~nd want ~nd provide •unple 
me:1ns for safe and comfortable existence. 

. But one more accomplishment will still be lacking to make the triumph of the 
mind of man complete. A w:1y must be found to interpret thought and thereby enable 
the accurate reduction of all forms of human effort to a common equivalent. The 
problem is susceptible of solu~ion. 

The consequences of such 3Jl acJ,·ance are incalculable. A new epoch in hwnan 
history would be inaugurated and a colossal revolution in moral, social and other 
respccls accomplished, innumerable causes of trouble: would be removed, our lives 
profoundly modified for the better, and a new and firm foundation laid to all that 
makes for peace. 



5 

H OW COSMIC FORCES SHAPE OUR DEST INIES · 

Every living being is an engine geared to the wheclwork of the universe. Though 
seeming ly affected only by its immediate surrounding, the sphere of external ·influence 
extends to infinite distance. There is no constellation or nebula, no sun o r planet, in 
all the depths of limitless space, no passing wanderer of the starry heavens, that does 
not exercise some control over its destiny - not in the vague and delusive sense of 
astrology, but in the rig id and positive meaning of phys ical scicnce. · 

More than this can be said. There is no thing endowed with life - f rom man, 
who is enslaving the elements, to the numblest creature - in all this world that docs not 
sway it in turn. \'V'henever action is born from force, though it be inf initesimal, the 
cosmic balance is upset and universal motion results. 

Herbert Spencer has interpreted life as a continuous adjustment to the environment, 
a definition of this inconceivably complex manifestation quite in accord with advanced 
scientific though t, but, perhaps, not broad enough to express 01u present views. With 
each step forward in the invesl'igation of its laws and mysteries our conceptions of nature 
and its phases have been gaining in depth and breadth. 

In the early stages of intellectual development roan was conscious of but a small 
part of the macrocosm. He knew nothing of the wonders of the microscopic world, of 
the molecules composing it, of the atoms making up the molecules and of the 
dwindlingly small world of electrons wlthin the atoms. To him life was synonymous 
with voluntary motion and action. A plant did not suggest to him what it docs to us 
- that it lives and feels, fights for its existence, that it suffers and enjoys. Not only have 
we found th is to be true, but we have ascertained that even matter called inorganic, 
believed to be dead, responds to irritants and gives unmistakable evidence of the presence 
of a living principle within. 

Thus, everything that exists, organic or inorganic, an imated or inert, is susceptible 
to stimulus from the outside. There is no gap between, no break of continuity, no 
special and distinguishing vital agent. The same law governs all matter, al l the universe 
is alive. The momentous question of Spencer, "What is it that causes inorganic matter 
to run into organic forms?" has been answered. It is the sun's heat and light. Wherever 
they are there is life. Only in the boundless wastes of interste llar space, in the eternal 
darkness and cold, is animation suspended, and, poss ibly, at the temperatu re of lbsolutc 
zero all matter may die. 

MAN AS A MACHINE 

This realistic aspect of the perceptible un iverse, as a clockwork wound up and 
running down, dispensing with the necessity of a hypcrmechanical vital principle, need 
not be in discord with our religious and artistic aspirations - those undefinable 

• New York American, Febr. 7, 190 ("Did the W:tr cause the Italian Earthquake"), 
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and beautiful efforts through which lhe human mind endeavors to free itself from 
material bonds. On the contrary, the better understanding of nature, the consciousness 
that our knowledge is true, can only be all the more elevating and inspiring. 

I t was Descartes, the great French philosopher, who, in the seventeenth century, laid 
the first foundation to the mechanistic theory of life, not a little assisted by Harvey's 
epochal discovery of blood circulation. He held that animals were simply automata 
without consciousness and recognized that man, though possessed of a higher and 
distinctive quality, is incap®le of action other than those characteristic of a machine. 
He also made the first attempt to explain the physical mechanism of memory. But in th1s 
time many functions of the human body were not as yet understood, and in this respect 
some of his assumptions were erroneow. 

Great strides have since been made in the art of anatomy, physiology and all 
branches of science, nod the workings of the man-machine are now perfectly dear. Yet 
the very fewest among w are able to trace their actions to' primary external cawes. 
It is indispensable to the arguments I shall advance to keep in mind the main facts which 
I have myself established in years of close reasoning and observation and which may be 
summed up as follows: 

1. The human being is a self-propelled automaton entirely under the control of 
external influences. Willful and predetermined though they appear, his actions arc: 
governed not from within, but from without. He is like a float tossed about by the
waves of a turbulent sea. 

2. There is no memory or retentive fnculty based on lasting impression. What we 
designate as memory is but increased responsiveness to repeated stimuli. 

3. It is not true, as Descartes taught, that the brain is an accumulator. There is 
no permanent record in the brain, there is no stored knowledge. Knowledge is something 
akin to an echo that needs a disturbance to be called into being. 

4. All knowledge or foro1 conception is evoked through the medium of the eye, 
either in response to disturbances directly received on the retina or to their fainter 
secondary effects and reverberations. Other sense orgnns can only call forth feelings 
which have no reality of existence and of which no conception can be formed. 

5. Contrary to the most important tenet of Cartesian philosophy that the 
perceptions of the mind are illusionary, the eye transmits to it the true and accunate 
likeness of external things. This is because light prop:tgates in strnight li'nes and the 
image cast on the retina is an exact reproduction of the external form and one which, 
owing to the mechanism of the optic nerve, can not be distorted in the transmission to 
the brain. What is more, the process mwt be reversible, that is to say, a form brought 
to consciousness can, by reflex action, reproduce the original image on the retina, jwl 
as an echo can reproduce the original disturbance. If this vi~ is borne out by 
experim~nt an immense revolution in all human relations and departments of activity 
wi II be the consequence. 

NA 11JRAL FORCES INFLUENCE US 

Accepting nil this as true let w consider some of 1he forces and influences which 
act on such a wonderfully complex automatic engine with organs inconceivably sensitive 
and delicate, as it is carried by the spinning terrestrial globe in its lightning flight 
through space. For the sake of simplicity we may assume that the e:~rth's axis is 
perpendicular to the ecliptic and that the human automaton is at the equator. Let his 
weight be one hundred and sixty pounds, then, at the rotational velocity of about 1,520 
feet per second with which he iS' whirled around, the mechanical energy stored in his 
body will be nearly 5,780,000 foot pounds, which is nbout the energy of a hundred
pound c:tnnon b311. 
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This momentum is constant as well as the upward centrifugal push, amounting to 
~bout fifty-five hundre-d th of a pound, and both will probably be without marked 
influence on his life functions. TI1e sun, having a mass 332,000 times that of the 
earth,. bur being 23,000 times f:lrther, wil l att ract the automaton with a force of about 
one-tenth of one pound, alternatel}' increasing and diminishing his normal weight by 
that amount. 

Though not conscious of these periodic changes, he is surely affected by them. 
The earth in its rot:1tion around the sun carries him with the prodigit>us speed of 

nineteen miles per second and the mechanical energy imparted to him is over 
2~, 160,000,000 foot pounds. The largest gun ever made in Germany hurls a projectile 
weighing one ton with a mu<tzlc velocity of 3,700 fee~ per second, the energy being 
429,000,000 foot pounds. Hence the momentum of the automaton's 'body is nearly sixty 
times g reater. It would be sufficient to develop 762,400 horse-power for one minute, 
and if the motio.n were suddenly arrested the body would be instantly exploded with 
a force sufficient to carry a projectile weighing over sixty tons to a distance of twenty
eight miles. 

This enormous energy is, however, not constant, but varies w ith the position of the 
automaton in relation to the sun. The ci rcumference of the earth has a speed of 1,520 
feet per second, which is either addeJ to o r subtr:~cted from the translatory ,·elocity 
of n ineteen miles through space. Owing to this the energy will vary f rom twelve to 
twelve hours by an amount approxim:ltcly equal to 1,533,000,000 foot pounds, which 
means that energy streams in some unknown way into and out of the body of the 
automaton at the rate of about sixty-four horse-power. 

But this is not all. The whole solar system is urged towards the remote constellataon 
of H ercules with a speed which some estimate at ""'enty miles per second, and owing 
to this there should be similar annual changes in the flu,.: of energy, which may reach 
the apalling ·figure of over one hundred billion foot pounds. All these ,·arying and 
purely mechanical effects are rendered more complex through the inclination of the 
orbital planes and many other permanent or casual mass actions. 

This automaton is, however, subjected to other forces and influences. His body is 
at the electric potential of two billion volts, which fluctuates violent ly and incessantlY.. 
The whole earth is alive with electrical ,·ibrations in which he takes part. The atmosphere 
crushes him with a pressure of from sixteen to twenty tons, accord ing to blrometric 
conditions. He receives the energy of the sun's rays in varying intervals at a mean rate 
c1f about 'forty foot pounds per second, and is subjected to periodic bombardment of 
the sun's part icles, which pass through his body as if it were tissue paper. The :tic 
is rent with sounds which beat on his eardrums, and he is shaken by the unceasing 
tremors of the earth's crust. He is exposed to great temperature changes, to rain ~nd wind. 

\'<'hat wonder then that in sud1 :1 terrible turmoil, in which cast iron existence 
would seem impossible, this delicate hwnan engine should act in an cxccptionai 
manner?If all automata were in every respect alike they would react in ex:1ctly the same 
way, but th is is not the case. There is concordance in response to those distmb:tnccs 
only which arc most frequently repeated, not to all. It is quite easy to provide two 
e lectrical systems which, when subjected to the same influence, will behave in just 
the opposite way. 

So also two human beings, and what is true of indi ,•iduals also holds good for 
their brge aggregations. We all sleep periodically. This is not an indispensable 
physiological necessity any more than stoppage at interva ls is a requirement for an 
engine. It is merely a condition gradually imposed upon us by the diurnal revolution 
of the globe, and this is one of the many evidences of the truth of the mechanistic theory. 
We note a rhythm, or ebb and tide, in ideas and opinions, in financial and political 
movements, in C\•ery department of our intellectual activ ity. 
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. HOW WARS ARE STARTED '. 

I t only shows that' in aJI this a physial 'system of mass inertia is involved which 
affords ·a fu.rther striking proof. If .we accept the theory as a·· fuo~amental truth and, 
furthermore, exteryd the limi~ of our sense perceptions beyond those within which y;e 
become conscious of the external impressions, then all the states in human life, however 
unusual, can be plau.sibly explained. A few examples may be given · in illustration. 

The !;'je responds only to light vibrations through a certain rather narrow range-: 
but the limits are not sharply defined. It is also affected by vibrations beyond, only in 
a lesser degree. A person may thus become aware of the presence of. aiiother in 
darkne~s_. or th.rough intervening obstacles, nnd people laboring urider illusions ascribe · 
this to telepa~y. Such transmission of thought is absurdly im~ss_ible. 

The .trained observ~r no'tes without difficulty that these phenomena ~r~ diib. to 
suggesti9n or coincidence. The; same may .be said of oral imp~ions, to. which m~jcil 
and imitative people are especially susceptible, A person possc$sing ·these qualities win · 
Qften respond to mechanical shocks or vibrations which are ina1,1dible. · · .. · 

To .mention anoth~~ instance of momentary interest reference· may be. ~.c,ie to 
dancing, w~ich comprises certll,in harmonious muscular contnctio..nS' nnd .cont6rtioiis-6t' 
tb.e ~y in respo~ to a .rhythm. How they come to be in vogue just now can ~' 
satisfactorily explained by supposing the exis~eoce of some, new periodic disturbances 
in the environment, which are transmitted through the nir 'or the !;roond and may be 
.,[ mechanical, electrical or other character. 

Exactly so it is with wars, revolutions and similar exceptional states of society. 
Though it may seem so, a war can never be caused by arbitrary acts of mao. 
It is invariably the more or less direct result of cosmic disturbance in which the 

sun is chiefly concerned. 
In many international conflicts of historical record which were precipitated by 

famine, pestilence or terrestrial catastrophes the direct dependence of the sun is 
unmistakable. But in most cases the underlying primary causes are numerous and hard 
to trace. 

In the present war it would be particularly difficult to show that the apparently 
wi lful acts of a few individuals were not c:iusative. Be it so. TI1e mechanistic theory, 
being founded on truth demonstrated in everyday experience, absolute!)' precludes the 
possibility of such a state being anything but the inevitable consequence of cosmic 
disturbance. 

The question naturally presents itself :ts to whether there is some intimate relation 
between wars and terrestrial upheavals. TI1e latter nrc of decided influence on 
temperament and disposition, nnd might at times be instrumental in accelerating the clash, 
but aside £rom this there seems to be no mutu:tl dependence, though both may be Jue 
to the same primary cause. 

What can be :J.Sserted with perfect confidtnce is that the earth may be thrown into 
convuls ions through mechanical effects such as are produced in modern warfare. TI1is 
statement may be startl ing, but it admits of a simple expbnation. 

Earthquakes are principally due to two e:tuses - subterranean explosions or 
structural adjustments. The former are called \'Oicnnic, involve immense energy :llld are 
h:1rd to start. The l:ttter :ue named tectonic; their energy is comparatively insignificant 
and they can be caused by the slightest shock or tremor. TI1e frequent slides in the 
Culebra are displacements of this kind. 
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WAR AND 1HE EARTHQUAKE 

Theoretically, it may be said that one might think of a tectonic earthquake and 
cause it to occur as a result of the thought, for just preceding the release the mass 
may be in the most delicate balance. There is a popular error in regard to the energy of 
such displacements. In a case recently reported as quite extraordinary, extending as it 
did over a vast territory, the energy was estimated at 65,000,000,000,000 foot tons. 
Assuming C\'Cn that the whole work was performed in one minute it would only be 
equivalent to that of 7,500,000 horse-power during one year, which seems mud1, but is 
little for a terrestrial upheaval. The energy of the sun's rays falling on the same area is 
a thousand times greater. 

The explosions of mines, torpedoes, mortars and guns develop reactive forces on 
the ground whidl arc measured in hundreds or even thousands of tons and make 
themselves felt all over the globe. Their effect, however, may be enormously magnified 
by resonance. The earth is a sphere of a rigidity slightly greater than that of steel and 
vibrates once in about one hour and forty-nine minutes. 

If, as might well be possible, the concussions happen to be properly timed their 
combined action could start tectonic adjustments in any part of the earth, and the Italian 
calamity may thus have been the result of explosions in France. 11ut man can produce 
sudl terrestrial convulsions is beyond any doubt, and the time may be near when it 
will be done for purposes good or apt. 
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THE WONDER WORLD TO BE CREATED BY ELECTRICITY• 

• 
.. 
. . 

Whoever wishes to get a true appreciation of the great'?ess of our age should study 
the history of electrical development. There he will f ind a story' more wonderful than 
a'ny tale from the Arabian Nights. It begin$ long before the Christian era, when Thales, 
Theophrastus :tnd Pliny tell of the magic properties of electron - the precious substance 
we call amber - th:tt 'came from the pure tears of the Heliades, sisters of Ph:teto,, 
the unfortunate youth who attempted to run the blazing chariot of Phoebus and nearly 
burned up the earth. It was but natural for the · vivid imagination of tl1e Greeks to 
ascribe the mysterious manifestations to a hyperphysical cause, to endow the amber with 
life and with a soul. 

\'V'hether this was actual belief or merely poetic interpretation is still a questiOn. 
Even at this very day many of the most enlightened people think that the pearl is ali ve; 
that it grows more lustrous and beautiful in the warm contact of the human body. So, 
too, it is the opinion of men of science that a crystal is a living being, and this view 
is being extended to embrace the entire physical universe since Prof. Jagadis Chunder 
Bose has demonstrated, in a series of remarkable experiments, that inanimate matter 
responds to stimuli in exactly the same manner as plant fiber and animal tissue. 

The superstitious belief of the ancients, if it existed at all, can therefore not be 
taken as a reliable proof of their ignorance, but just how ·much they knew about 
electricity can 6niy be conjectured. A curious fact is that the ray or torpedo fish was 
used by them in electrotherapy. Some old coins show twin stars, or sparks, such as 
might be produced by a galvanic battery. The records, though scanty,· are of a nature 
to fill us with conviction that a few initiated, at least, had a deeper knowledge of 
amber phenomena. To mention one, Moses was undoubtedly a practical and skillful 
electrici~n far in· advance of his time. The Bible describes precisely and · minutely 
arrangements constituting a machine in which electricity was generated by friction of 
:tir ag:tinst silk curtains and stored in a box constructed like :t condenser. It is very 
plausible to assume that the sons of Aaron were killed by a high-tension discharge, and 

·that the vestal fire; of the Romans we(e electrical. The belt drive must have been known 
to engineers of that epoch, and it is · difficult to see how the abundant evolution of 
static electricity could have· escaped their notice. Under favorable atmospheric conditions 
a belt' may be transformed into a dynamic generator capable of producing many striking 
actions. I have lighted incandescent lamps, operated motors and performed numerous 
other equally interesting experiments with electricity drawn from belts and stored 
in tin cans. 

That many facts · in regard to the subtle force were known to the philosophers of 
old can be safely concluded. The wonder is, why 2000 years elapsed before Gilbert 
in 1600 published his famous work, the first scientific treatise on electricity and 

:m~gnetism. To an extent this long period of unproductiveness can be explained. Learning 

• M:mufocturcr's Record, Sept. 9, 1915. 

H. Nikola Tesln . . 
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was the privilege of a few and all information was jealously guarded. Communication 
was difficult and slow, and a mutual understanding between widely-separated 
investigators hard to reach. Then again, men of those times had no thought of the 
practical; they lived and fought for abstract principles, creeds, traditions and ideals. 
Humanity did not change much in Gilbert's time, but his dear teachings bad a telling 
effect on the minds of the learned. Friction nuchines were produced in rapid succession 
:llld experiments and observations multiplied. Gradually fear and superstition gave way to 
scientific insight, and in 1745 the world was thrilled with the news that Kleist and 
Leyden had succeeded in imprisoning the uncanny agent in a phial, from which it escaped 
with an angry snap and destructive force. This was the birth of the condenser, perhaps 
t:1c most marvelous electrical device ever invented. 

Two tremendous leaps were made in the succeeding 40 years. One '\\'liS when 
.franklin demonstr~~ed the .,identity between the gentle soul of amber and the awe
inspiring bolt of .Jupiter; the other 'when ·Galvany and Volta brought out the contaa 
and chemical b:~ttery, from which the magic fluid could be drawn in unlimited quantities. 
The succeeding 40 years bore s~ll greater fruit. Oersted made a significant advance in 
deflecting a magnetic needle by an electric current, Arago produced the electro-magnet. 
Seebeck the thermopile and in 1831, as the crowning achievement of all, Far:~day 
:lllnounced that he had obtained electricity from a magnet, thus discovering the principle 
of that wonderful engine, the dynamo, and inaugurating a new era both in scientific 
research and practical application. 

From that time on inventions of inestimable value have followed one another at 
a bewildering rate. TI1e telegraph, telephone, phonograph and incandescent lamp, the 
induction motor, oscillatory transformer, Roentgen ray, radium, wi reless and numerous 
other revolutionary advances have been made and all conditions of existence profoundly 
modified. In the 84 years which have since elapsed the subtle agents dwelling in the 
living amber and loadstone have been transfo·rmed into cyclopean forces, turning the 
wheels of hunun progress with ever-increasing speed. This, in brief, is the fairy tale of 
electricity from Thales to .the present .day. The impossible has happened, the ;:!Jdest 
dreams have been surpassed and the astounded world is asking. What Is corning next? 

ELECTRICAL POSSIBILITIES IN COAL AND IRON 

Many a would-be discoverer, failing in his efforts, has felt the re~;ret to have 
been born at a time when everything has been already accomplished :llld nothing is 
left to be done. This erroneous impression that, as we are advancing, the J'<>Ssib1lities of 
invention ue being exhausted, is not uncommon. In reality it is just the opNsite. Spenser 

'has .conveyed the ris:ht idea when he likened civiliution to the spt .ce ol light which a 
lamp throws out in darkness. The brighter the hunp and the larger chc sp~"re the greater 
is its dark boundary. I t is paradoxical, yet true, to say, that the more we know the more 
ignorant we become in the absolute sense, for it is only through enlightenment that we 
become conscious of our limitations. Precisely one of the most gratifying results of 
intellectual evolution is the' continuous opening up of new and greater pr<-spects. We 1rc 
proJ:ressing at an amazing pace, but the truth is that, even in the fields most success£ ull)' 
exploited, the ground has only been broken. What has been so far done by electricity 
is nothing as compared with what i:he future has in store. Not only this, but there arc 
'now inllumerable things' done in old:fashioned ways which are much inferior in economy, 
coiwenience and many other respects ~o the new method. So great are the advantage, 
of the latter that whenever :ui opportunity presents itself the engineer advises his client 
to "do it electrically." 

• • 
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Consider, in illustra~ion, one of the l:ugest industries, that of coal. From mis 
valuable mineral we chiefly draw the sun's stored energy which is required to meet 
our industrial and commercial needs. According to statistical records, the output in the 
United States during the past year was 480,000,000 tons. In perfect engines this fuel 
would have been sufficient to develop 500,000,000 horse-power steadily for one year, 
but the squandering is so reckless that we do not get more than 5 per cent. of its 
heating value on the average. There is an appalling waste in mining, handling, 
transportation, store and use of coal, which could be very much reduced through the 
adoption of a comprehensive electrical pl:t.n in all these operations. The market value 
of the yearly product could be easily doubled and an immense sum added to the 
revenues of the country. What is more, inferior grades, billions of tons of which are 
being thrown away, might be turned to profitable use. 

Similar considerations apply to natural gas and mineral oi l, the annual loss of which 
amounts to hundreds of millions of dollars. In the very ncar future such waste will 
be looked upon as criminal and the introduction of the new methods will be 
forced upon the owners of such properties. Here, then, is an immense- field for the 
use of electricity in many ways, vast industries '1\•hich are bound to be revolutionized 
through its extensive application. 

To give another example, I may refer to the m3nufacturc of iron a"d steel, which 
is carried on in this country on a scale truly colossal. During the last year. notwith 
standing unfavorable business conditions, 31,000,000 tons of steel have been produced. 
It would lead too far to elwell on the possibilities of electrical improvements in the 
manufacturing processes themselves, nnd I will only indicate what is likely to be accom
plished in using the waste g:\Ses from the coke ovens and blast furnaces to generate 
electricity for industrial purposes. 

· Since in the production of pig-iron for every ton about one ton of coke is employ· 
ed, the yearly consumption of coke may be put at 31,000,000 tons. The combustion 
in the blast furnaces yields, per minute, 7,000,000 cubic feet of gas of a heating value 
of 110 B. T. units per cubic foot. Of this total, without making sptcial provision, 
4,000,000 cubic feet may be made available for power purposes. If all the heat energy 
of this gas could be transformed into mechanical effort, it would develop I 0,389,000 
horse-power. This result is impossible, but it is perfectly practicable to oJ.\ain 2,500,000 
horse-power electrical energy nt the terminals of the dynamos. 

In the manufacture of coke appr.:>ximatcly 9400 cubic feet of gas nrc evoh·ed 
per ton of coal. This gas is excellent for power purposes, having an average heating 
value of 600 B. T. units, but \ 'ct}' little is now used in engines, brgely because of 
their great cost and other imperfections. A ton of coke requires about 1.32 tons of 
American coal; hence the total coal consumption per annum on the above basis is nearly 
41,000,000 tons, which give, per minute, 733,000 cubic feet of gas. Assuming the yield 
of surplus or rich gns to be 333,000 cubic feet, the balance of 400,000 cubic feet 
could be used in gas engines. The heat contents would be, theoretically, sufficient to 
develop 5,660,000 horse-power, of whidt 1,500,000 horse-power coull lx: obtained 
in the form of electric energy. · 

I have d.evoted much thought to this industrial proposition, and find that ll'ith 
//~tv, ~lfirimt, extrem~ly rh~ap tmd simple th~miO·tlyuamir tr.msform~rs not Ins than 
4,000,000 horse-power could be dttitloptd in tlutr~r gm~ra/ors by utilizing th~ h~al 
of lh~u gases, tuhirh, if not tlllirelywaued, 11ft only i11 part ttnd in~ffirimtly ~mplo)td. 

With systematic improvements and refinements much better results could be secured 
and an annual revenue of S 50,000,000 or more derived. The electrical energy could be 
advantageously used in the fixation of atmospheric nitrogen and production of fcrti· 
Jizers, for which there is nn unlimited demand nnd the manufacture of whidt is 
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restricted here on account of the high tost of power. I expect confidently the practical 
realization of this project in the very near future, and look to exceptionally rapid 
electrical development in _this direction. 

HYDRO-ELECTRIC DEVELOPMENT 

Watcr-pov.•cr offers great opportunities for novel electrical applications, plrti· 
culnrly in the department of electro-chemistry. The harnessing of waterfalls is the most 
economical method known for drawing energy from the sun. This is due to the fact 
that both water and electricity are incompressible. The net efficiency of the hydro-electnc 
process can l:e as high as 85 per cent. 'The initial outlay is generally great, but the cost 
of maintenance is small and the convenience offered ideal. My alternating system is 
invariably employed, nnd so far about 7,000,000 horse-power have been developed. 
As generally used we do not get more than six-hundredths of a h(lrse-power per ton 
of coal per year. This tuater e1urgy is lhtrefore eq11iualmt to that f•btainable from an 
tV111flal s11pply of 120,000,000 1o11J of roal, whirh is abo111 25 pet m1t. of the total 
0111p111 in the United Stain. The estimate is conservative, and in view of the immense 
waste of coal 50 per cent. may be a doser guess. 

We get better appreciation of the tremendous value of this pov•er in our economic 
development when we reme.mber that, 1mlike fuel, which demands a terrible sacrifice of 
human energy and is consumed, it is supplied without effort and destruction of material 
nnd eq_uals the mechanical performance of 150,000,000 men - one and one- half times 
the entire population of this country. These figures are imposing; nevertheless, we 
have only begun the exploitation of this vast national resource. 

There are two chief limitations at present - one in the availability of the energy, 
the other in its transmission to distance. 1be theoretical power of the falling water is 
enormous. If we assume for the rain clouds 1m average height of 15,000 feet and 
annual precipitation of 33 inches, the 24 horse-power per square mile is over 4000, 
and for the whole area of the United St'3tes more than 12,000,000,000 horse-power. 
As a matter of fact, the larger portion of the potential energy is used up in air friction. 
This, while disappointing to the economist, is a fortunate circusnstance, for otherwise 
the drops would reach the ground with a speed of 800 feet per second - sufficient to 
rais~ blisters on our bodies, while hail would be positively deadly. Most of the water, which 
is available for power purposes comes from a height of about 2000 feet and represents 
over one and one-half billion horse-power, but we are only able I" 11~e an average fall 
of, say, 100 feet, which means that if all the water· power in this country were harnessed 
under the existing conditions only 80,000,000 horse-power could be obtained. 

THE NI:.XT GREAT ACHIEVEMENT-ELECTRICAL CONTROL 
OF ATMOSPHERIC MOISTURE 

8111 the lime is fJtry near whm we shall have the pruipitatio11 of the moist11re of 
1h1 atmosphere undtr romplete ronlrol, and thm il will be pouible to dratv 1mlimited 
tjllanlities of wafer from the OUtVIJ, detJelop any desired am011nl of mergy, and 
lompletely transform the globt b1 i"igation and inlensi:Pe farming. A greater 
achievement of man through the medium of electricity an hardly be imagined. 

The present limitations in the transmission of power to distance will be overcome 
in two ways - through the adoption of underground conductors insulated by power, 
and through the introduction of the wireless oct. The first plnn I bave ndvnnced years 
ago. The underlying principle is to convey throug~ :1 tubular conductor hydro~n nt 
:1 very low temperature, freeze the surrounding materi:1l and thus secure :1 perfect 
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insulation by indirect usc ·of electric energy. In this mam~er the power derived from 
falls can be transmitted to distances of hundreds .of miles with the highest economy 
and at a small cost. This innovation is sure to greatly extend the fields of electrical 
application. As to the wireless method, 'we; have now the means for economic transmis
sion of energy in any desired amount and to distances only limited by the dimensions 
of this planet. In view of assertions of some misinformed experts to the effect that 
in the wireless system I have perfected the power of the transmitter is dissipated in 
all directions, I wish to be emphatic in my statement that such is not the case. The 
energy goes only to the place where it is needed and to no other. 

When these advanced ideas are practically realized we shall get the full benefit 
of water-P.Ower~ and it will . become our chief dependence in the supply of electricity 

· for domestic, public and other uses in the arts of peace and war. 

ECONOMY IN LIGHT AND POWER - ELECTRIC PROPULSION 

In the great departments of electric light and power immense opportunities are 
offered through tlie introduction of all kinds of novel devices which can be attached 
to the circuits at convenient hours for ~e purpose of equalizing the loads and incrcasin.s; 
the revenues from the plants. I have myself knowledge of a number of new appliances 
of this kind. The most important among them is probably an electrical icc machine 
which obviates entirely the usc of dangerous and otherwise objectionable chcmic:Us. 
Tite new madtine will also ,require absolutely no attention and will be extremely 
economical in operation, so that the refrigeration will be effected very cheaply and 
conveniently in every household. 

An int~resing fountain, electrically operated, has been brought out which is likely 
to' be extensively introduced, and will afford ari unusual and pleasing sight in squares, 
parks, hC?tels and residences . 

. CooKing devices for all domestic purposes are being provided, and there ~s great 
demand for practical designs and suggestions in this field. The same may be stated of 
electric signs and other attractive means of advertising which can be electrically operated. 
Some of the effects which it is possible to produce by electric currents are wonderful 
and lend themselves to exhibitions, and there is no doubt that much can be done in 
that direttion. Theatres, public halls and private dwellings are in need of a great 
many devices and instruments for convenience and offer ample opportunities to an 
ingenious and practical inventor. · 

· A .vast and absolutely .untouched field is the use of electricity for the propulsion 
of ships. The leading Clectrical company in this country has just equipped a .large 
vessel with high-speed turbines and electric motors and has achieved a sigpal success. 
Applications of this kind will multiply at a rapid rate, for the advantages of the 
electrical drive are now patent to everybody. In this connection gyroscopic apparatus 
wiU,probably play an important part, as its general adoption on vessels is sure to come. 
Very little has yet been done in the int.roduction of electrical drive in the various 
branches of industry and manufacture, and the prospects are unlimited. 

A FEW OF T HE WONDERS TO COME . . 
Books have already been written on the agricultural uses of electricity, but the 

fact is that hardly anything has been practically done. Tite beneficial effects of elec
tricity of high tension h:IVC been unmistakably csttblished, and a revolution will be 
brought about through the extensive adoption of agricultural electrical apparatus. 



• 
A-182 

. . . . . . 
The safeguarding of fo,sls against firu, ,thl deslr11rli011 of microbes, imerls and roden{s 
will, in d11e rotme, be accomplished by elutriral meam. . ·: 

In the n~r future we shatl . see a great many new wes of electricitY. aiming at 
safety, particularly of vessels at sea. We shall ha,11e elertriral instruments for pre11enti11g 
collisions, IZII~ rue shall e11en be able to disperse fogs by electrir forre anJ porverful and 
penelratille rays. I am. hopeful that within the next few years ·wireler.r plmi/J will bt: 
installed for the p11rpou of illuminating the oceans. The project is perfectly feasibler 
and if carried out will contribute more. than any othe~ provision to the safety of property 
:md human lives at sea. The same plant could also produce stationary electrical waves 
and enable vessels to get at any time accumtc bearings and other valuable practical data 
without resorting to the present means. It could also be used for time signaling and 
many other purposes of similar nature. 

• 
Electrotherapy is another great field in which there are unlimited possibilities 

for electrical applications. High-frequency currents especially have :1 great future. Tite 
time will come when this form of electrical' energy will be available in every private 
residence. I consider it quite possible that through their, surface actions we may do 
away with the customary bath, !IS the cleaning of the body can be instantaneously effected 
simply l::y connecting it to a source of currents or electric energy of very high potential, 
which results in the throwing off of dust or any small particles adhering to the skin. 
Such a dry bath, besides being· convenient and time-saving, would also be of beneficial 
therapeutic influence. New electric devices for usc of the deaf and blind are coming 
and will be a blessing to the afflicted. 
· In the prevention of crime electrical instruments will soon become an important 
factor. In court proceedings electric evidence will often be decisive. In a time 1101 distant 
it rvill be pouible to f/tUh any image formed in tho11ght 011 a screen and rc11der it 
11isible at any piau desirtd. The perfection of this means of reading thought will create 
a revolution for the better in all our social relations. Unfortunately, it is true, that 
cunning lawbreakers will avail themselves of such advantages to 'further their nefarious 
business. 

TELEGRAPHIC PHOTOGi~APHY AND OTHER ADVANCES 

Grc:~t improvements arc still possible in tclegr:~phy and tclcphonr. 1l1e usc of a new 
receiving device which will be shortly described, and the scnsitivene.;.s of which can 
b~ increased :1lmost 'l'tithout limit, will enable telephoning through aerial lines or cahlcs 
however lon.r. by reducing the necessary working current to an infinitesimal value. This 
invention will dispense with the necessity of resorting to expensive constructions, which, 
however, arc of circumscribed usefulness. It will also enormously extend the wireless 
transmission of intelligence in all i~ departments. 

The' next art to be inaugurated is th:1t of picture transmissio~ by ordinary telegraphic 
methods and existing appamtus. This idea of telegmphing or telephoning pictures is 
old, but ·practical difficulties have hampered comme.rcial realizations. A number of 
im;>rovements of J:lreat promise have been made, and there is every reason to expect that 
success· will soon be achieved. 

Another 11aluab/e no11elty will be " typewriter elerlri(al/y operated by the huma11 
.11oire. This advance will fill a long-felt want, as it will do away with the operator and 
save a great deal of labor and time in offices. 

A new and extremely simple electric tachometer is being prepared for the market, 
wd it is expected that it will prove useful in power plants and central stations, on boats, 
locomotives and automobiles. • 
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• 
Many municipal improvements based on the we of electricity are nbout to be 

introduced. IJV ~ hav~ soon lo have l!v~rywhtre smol:~ mmihilators, d1tsl tlbsorbers, 
ozonizers, stcriliz~rs of tvattr, air, food and clothing, ami arridml prevmlerr 011 streets, 
elevated ronas and in · Sllbrvays. II rvi/1 berome· 1/CXt IO impouible lo (01//Ttf(/ disettJe 
gtrms or gel hurl in the rity, a11d ro/IT/try folk rvi/1 go to torvn to rest and gel rve/1 . 

• . . 
• 

ELEcrRIC INVENTIONS IN WAR 

The present interl)ational co~flict is a powerful stimulus to invention of devices 
nnd implements of warfare. Au electric gun .will soon be brought out. The wonder 
is that it was not produced long ago. Dirigibles and aeroplanes will be equipped with 
smnll electric generators of high . tension, from which the deadly currents will be 
conveyed through tin wires to the ground. Battleships and submarines will be provided 
ivith electric and magnetic feelers so delicate that the approach of any body under water 
or in darkness will be detected. Torpedoes and floating mines a.re almost in sight which 
will direct themselves automatically and without fail get in fatal contact with the 
object to be destroyed. The art of telautomatics, or wireless control of automatic 
machines at a distance, will play a very important part in future wars and, possibly, 
in the next phases of the present one. Such contrivances which act as if endowed with 
intelligence will be used in innumerable ways for nttnck as well as defense. Thzy may 
take the shape of aeroplanes, balloons, automobiles, ·surface or under-water boats, or 
any other form according to the requirement in ear.h special case, and will be of greater 
range and destructiveness than the implements now employed. I believe thnt the 
telaulomt~lir aerial torpedo rvi/1 make the !t~rge siege gun, on tvhirh so murh dcpcudmre 
ir plt~red at prnml, obsolete. 

A volume might be (illed with such suggestions without exhausting the possibilities. 
The advance even under the conditions existing is rapid enough, but when the wireless 
transmission of energy for general we becomes a practical fact the human progress will 
assume the character of a"hurricane. So all-surpassing is the importance of this marvelous 
art to the future existence and welfare of the human race that every enlightened person 
should have a clear idea of the chief factors bearing on its development. 

THE PO'\UER OF THE FUTURE 

\VIe have at our disposal three main sources of life-sustaining enerb'Y- fuel. water
power and the heat of the sun's rays. Engineers often speak of harnessing the: tides, but 
the discouraging truth is that the tidewater over one acre of Jlround will, on the average, 
develop only one horse-power. Thousands of mechanics and inventors have spent their 
best efforts in trying to perfect wave motors, not realizing that the power so obtained 

. could never compete with that derived from other sources. The force of wind oHers 
much better chances and is valuable in special instnnccs, but is by fnr inadequate. 
Moreover, the tides, waves and winds furnish only periodic and often uncertain 
power and necessitate the employment of large and expensive storage plants. Of course, 
there are other possibilities, but they are remote, and we must depend on the first of 
three resources. If we we fuel to get our power, we nrc living on our capital and 
exhausting it rapidly. This method is barbarous and wantonly wasteful, ancl will have 
to be stopped in the interest of coming generations. The heat of the sun's rays represents 
no irnm.ense amount of energy vastly in excess of wnter-power. The earth receives an 
equivalent of 83 foot-pounds per second for each square foot on which the rays fall 
perpendicularly. From simple geometrical rules applying to a spherical body it follows 
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that the mean rate per square foot of the earth's surface is one-quarter of that, or 20% 
foot-pounds. This is to say over one million horse-power per square mile, or 250 times the 
water-power for the same area. But that is only true in theory; the pmctical facts put 
this in a different aspect. For instance, considering the United States, and taking into 
account the mean latitude, the daily variation, the diurnal changes, the seasonal variations 
and casual chang\:s, this power of the sun's mys reduces to about one-tenth, or 100,000 
horse-power per square mile, of which we might be able to recover in high-speed low
pressure turbines 10,000 horse-power. To do this would mean the instalment of 
apparatus and storage plants so large and expensive that such a project is beyond the 
pale of the practical. The inevitable (Ondvsion is that tllater-power is by far our moJI 
valuable resouru. On this hr1manity mml build its hopes for the future. 'Witli its full 
development :1nd a perfect system of wireless transmission of the .energy to any distance 
man wi!l be able to solve all the problems of material existence. Distance, which is the 
chief impediment to human ·progress, will be completely annihilated in thought, word and 
action. Humanity will be united, wars will be made impossible and peace will reign 
supreme . 

• 

-

' 

• 

. . 

-
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ELEcrRIC DRIVE FOR BATI'LE SHIPS• 

The ideal simplicity of the induction motor, its perfect reversibility and other 
unique qualities render it eminently suitable for ship propulsion, and ever since I brought 
my system of power transmission to the attention of the profession through the 
American Institute of Electrical Engineers I have vigorously insisted on its application 
for that purpose. During m:tny years the scheme was declared to be impracticable and 
I was assailed in a manner as vicious as incompetent. In 1900, when an article from 
me advocating the electric drive appeared in the Centwy Magazine, Marine Engineering 
pronounced the plan to be the "climax of asininity," and such was the fury aroused by 
my proposals that the editor of another technical periodical resigned and severed his 
connection rather than to allow the publication of some attacks. 

A similar reception was accorded to my wireless boat repeatedly described in the 
Herald of 1898. The patents on these inventions have since expired and they are 
now common property. Mean'!"'hile insane antagonism and ignorance have been replaced 
by helpful-interest and· appreciation of tlieir value. Recently the Navy Department bas 
let contracts aggregating $ 100,000,000 for the constru.ction of seven w:u: vessels with 
the induction motor drive, and an equal sum is appropriated to cover the cost of four 
huge battle cruisers which are to be fitted out in the same way. This latter project is 
resisted by some shipbuilders, turbine makers; electrical manu£ acturers and engineers who, 
in fear of a fatal mistake by the government and under the sway of patriotic motives, 
urged upon the authorities the employment of the geared turbine. 

GONTROVERSI AL CORRESPONDENCE 

Numerous letters of protest have lx.-en written to C. A. Swanson, of the Senate 
Naval Committee, but wh:tt has so far come out of this correspondence is purely 
controversial and of no profit whatever to those who seek information. It is rcgrctt:lble 
that the question should have been raised at this critical moment, when speedy prepar:ttion 
against threatening national perils is recognized as imperative, and in view of this no 
doubt should be permitted to remain in the public mind as to the superiority of the 
equipment recommended by the naval experts. In tlte following I shall endeavor to m:tke 
this dear to the general reader. 

The most efficient means of propulsion is a jet of water expelled astern from 
the body of the vessel. Though the theoretical laws governing its :tction were precisely 
expressed fifty years ago by Rankine, a singular and inexplicable prejudice against this 
device still prevails among engineers and writers of text books on hydraulics. But the far 
sighted arc keenly alive to its possibilities. While our present motive resources do not 
admit of an advant:lgeous use of the jet, it can be confidently predicted that it will soon 

• New York Herald, Febr. 25, 1917. 
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be instrumental in a more complete conquest of the deep. I firmly believe that at this 
writing it is being applied to the submarines. devastating the oceans, fo r their silence 
alone can explain why they escape so easily detection by microphonic instruments. The 
sound emitted is the Achilles talon ~f the undersea boat. Its supprclsiotl materially 
increases the destructiveness of the new weapon. 

THE HELlCAt PROPELLER 

However, under the existing conditions the best results are obtained in all kinds 
of surface craft with a helical propeller, which is operated in four different ways. First, 
straight from the shaft of the prime mover; second, by means of a gear wheel; third, 
through a hydraulic transformer, and, fourth, ' by an electric transmitter of power. As 
the screw in order to save energy must be revolved ~ a moderate rate, the first mentioned, 
or "direct df;ve," lel)ds itself best to :l rec.iprocat.ing or rotary engine. The former is 
cl\!fllSY, the: latter. impossible, · and competition has forced the turbine on the market. 
But, excessive spee<J being indispensable to its sood performance, it had to be adapted 
to the propeller. This was, in a measure, accomplished l>y ''staging" - that is, passing 
the steam through a number of turbines in su.ccession - a plan obviously entailing 
great <lrawbacks, financial and otherwise. N eed of reducing the bulk anrl cost of the 
machinery . o.nd insuring better working then compelled the adoption of the second 
arrangement - "geared turbine drive" - in which a peculiar pinioned wheel, first 
introduced by De Lnval, transmits motion to the screw. Next, efforts to do away wi th 
certain limitations of this combination resulted in the thi rd, or "hydraulic drive," the 
turbine actuating the propeller through a centrifugal pump and water motor. Finally, as 
the furthest .step toward perf~ion, the; last named disposition - "electric drive" - was 
resorted to. In this case the turbine imparts rotation to a dynamo, which in turn runs a 
motor carrying the screw on its shaft . 

• 

ADVANTAGES OF TYPES 

Each of these forms has its supporters :md champions. In principle the first would 
be the preferable were it not handicapped in many respects. The secund type is <heap. 
but the gear is a serious objection. TI1ough less economical, the third wmmcnds itself 
by a number of practical and valuable fe-.ttures. As to the last, it is not only very efficient 
but obtains results impossible with other forms. The law of survival of the fittest is 
asserting itself, and the stmggle for supremacy is now on between the geared turbine 
:~nd the electric drive. 

'• Thtough gradual improvement of the cutting tools, scientific design, metallurgical 
advances and refinement of lubriOl)ts, the so-called herringbone gear has been brought 
b !lreat" perfection. De laval attained an efficiency of ninety-seven per cent and 
1bcAipine, Mdville' and Westinghouse ninety-eight and one-half per cent in the 
transmission from the driving to the driven shaft. On the other hand, ninety-three 
and three-quarters per cent ma_y be considered as the maximum with electrical app:lr.ltus . 
This mean$ th:~t ~·ith the gear the srune ~rbine would imp:~rt five per cent more power 
to the propeller, y.'hich'. ~hould increase the speed of the cruiser f rom thirty-five to a 
little more than thirty-f!ve a~d o.ne-ha)f knots. As it also appears at first sight th :~t the 
eld:tri,c drive requires :~dditional -space, is heavier and more costly, it is only n:~tural 
fdr those who have not made a thorough study· of all its phases to decide in favor 
of the gear. · · 
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. Bu~ a careful inquiry into tile subject would induce them to i:everse-their opinion. In 
estimating the relative merits of these ;essentially different propelling means they make 
two fatal mistakes. The f irst is to take the power t~mittted under "abnormal conditions 
as a criterion; the second to draw a pai:illel between instalments entirely unlike, one 
primitive, the other elaborate,. the former being incapable of fulfilling importtnt 
functions of the latter. When premises are erroneous deductions therefrom must needs 
be faulty. Thus the opponents of the electric drive have been led to the conclusion that 
it is less efficient than the gear, of ·greater weight,. more expensive and ·,uncertain of 
success. ·How much truth there is in these contentions · will be apparent from an 
examination of well · establisbed facts. · ·: • 

0 

The efectric drive is of complex influence on JCSults in ship operation. For the 
sake of brevity it will be viewed only in tl1e following principal aspects: - (1) turbine 
performance, (2) power transmitted to the propeller, (3) efficiency of the screw,. (4) 
low power cruising, (5) high power action, (6) fuel consumption by auxiliaries and
apparatus for ship use, (7) general economy and (8) promptness and precision of 
control of a.ll effects, internal and external. 

The present turbines are extremely unsuitable for ship propulsion. They offer a 
striking example of an antiquated invention of small value elevated to a position of 
extraordinuy commercial util ity through profound reseudl :10d astonishing mechanical 
skill. With hu!ldreds . of thousands o~ thin blades easily destroyed; buckets that through 
corrosion and erosion soon become wasteful and small clearances between surfaces 
rotating at terrific rates, they are a cause of constant danger and haurd . 

.. 
' 

IRREVERSIBLE TIJRBINES 

• 
But their carainal defe~ is that they are irreversible, which necessitates the 

employment of separate turbines for backing. These, besid!$ involving r,reat expense 
and considerable friction loss, impose narrow limits on the tempera~re of the workins 
medium. Very high superheat, so desimble in thermo-dynamic conversion, is out of the 
question in such perishable structures, but from 200 to '300 degrees F. ~re permissible. 

To that extent, then, the turbine is at an advantage when drivinl' a dynlmo. Two 
hundred degrees superheat will usually t:ffcct a saving of about twenty-three per (~l)t uf 
steam and ten per cent of fuel. TI1 is, however, is not the only g.tin. The turbine, frce:J 
from all the impcdi,menls of the gear clrive, is capable of being safely run at a hiJ:hcr 
peripheral speed with . a correspondingly increased efficiency and output. Thus, hy 
moderate superheat and other silnple and allowable expedients, it becomes practic.1blc 
to develop twenty-five per cent more power from the s:tme fuel, and thb .tlonc would 
make the electric drive decidedly superior to its competitor . .. 

· A MECHANICAL TOUR DE FORCE 

As regards the power tmnsmitted from the turbine to the propeller, it will seem 
in the' light of the preeeding that the gear is better by five per tent. That may be the 
case in exceptional tests, but it is quite different ih attual 'service. To this is to be 
traced the error of those who are taking results obtained at constant load :u stanrl.trd 
of comp3rison. The perfection of the modern high speed gear wa.~ a veritable tour de 
force of the scientific machinist. It is a wonderful device, but it also has its inseparable 
weaknesses and shortcomings. Since the friction loss in it is sensibly const.ant through 
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a wide range of performance, a relativery great amount of c:nerg)• is absorbed at smaiJ 
load. The gear is likewise very sensitive to shocks and vibrations, which break down the 
capillary oil film, vital to smooth running. In consequence, there is great waste of 
power when the resisting force is subject to f requent and sudden fluctuations. 
Measurements I made with turbine gears have shown that while the efficiency with steady 
and noi'IJ)al effort was ninety-six per cent, not more than ninety per cent was realized 
"{ith a rapidly varying load. This is what might be expected in practice. Any one who 
has listened to the tortured engines of a steamship in heavy sea could not have failed 
to observe how the turning effort varies as the vessel rolls, pitches and ploughs through 
billows and conflicting undercuuents. A. similar state of things is apt to conf root <a war 
ship in action, as was evidenced in recent naval engagements, when mountains of 
water were raised by the exploding shells. U nder such circumstances the gear is at a 
great disadvantage, as the electric drive is Susceptible to these drawbacks in a much smaller 
degree. TI1c idea that the gear t ransmits more of the primary power to the propeller than 
the combination of dynamo and motor is, therefore, largely illusionary. TI1erc is ample 
evidence, experimental and inferential, that iather the opposite is true. 

SUPER10RJ1Y OF ELECI'RIC DRIVE 

Considering the efficiency of the screw as distinct from that attained in the 
transmission of power, it is admittedly better with the electric drive, this cc;mqusion 
being entirely based on the superior adaptability and (lexibility of the system. But 
there are deeper causes which should be taken into account. The interposition of 
electromagnetic means between the turbine aod propeller materially reduces the loss due 
to shocks. vibrations, racing and other disturbances owing to inherent clastic resilience 
and equalizing tendency. The saving of energy thus effected at high speed and in a 
heavy sea is considerable. 

Economy in cruising is one of the most desirable qualities of a war vessel. This 
is its ordinary use, for the chance of ever being engaged in battle is remote. The bitterest 
opponents of the electric drive do not deny that it excels in· this feature, upon which 
the manufacturer chiefly relies in guar~ntccing a fuel consumption from 10 to 12 per 
cent smaller than with the gear. The latter is hopelessly condemned by inability of 
adjustment to varying speed and wasteful in cruising operations, while the former is 
readily adaptable and economical under all conditions. 

Another quality of the electric drive, which may prove especially valuable in 
action, is its capacity of carrying g reat overload without danger, owing to the nature 
of the connection between the turbine and propeller, as explained. The gear is rigid :md 
unyielding and any increase of effort, plrticularly if sudden, mly cause a breakdown. 

SAVING OF POWER 

Referring to the auxiliaries proper and other apparntus for ship usc, to which are 
chargeable approximately 20 per cent of the fuel consumed, a very substantial saving 
of power will be achieved through the introduction of the: electrical method. 

Quite apart from this central station supply will be operative in reducing other 
waste, many accessories will be dispensed with and general economy materially increased. 

But from the military point of view the quickness, case and precision of control 
will perhaps be the most significant of the advantages gained. Everything may be made 
to respond instantly to the pressure of a button. By reversing ·the motors the vessel 
may be brought from full speed to l stop within its length. It will be possible to make 
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it go .wough all ~volutions with extraordinary rapidity and a perfection of manoeuvre, 
Ul)dreame~ of before, will ' be attained. 

A curious mistake is made by the advocates of the turbine gear in estimating 
relative weight . . It .hardly needs be stated that .it is unfair, if not absurd, to compare 
arrangements of widely different character and scope. Only such as are capable of 
accomplishing the same results should be considered. Now, a gear drive corresponding 
t9 the ele<;tric. would consist of four main turbines with gears, four reversing turbines 
of the same. cap.acity, and eight smaller driving and reversing turbines for cruising. This 
agglomeration of complex and not. all .too ruggecl machinery, with its network of water, 
air and oil pipes, valves, pumps and attachments, would by far exceed in weight the 
p,roposed electric drive,. and would also require better structural protection, not to 
speak of other defects and shortcomings. 

. . 
·QUESTION OF WEIGHT 

~t should ~ observed, how~er, thnt the weights must be.taken in their relation to 
that of the ship. Ope equipment m;1y be heavier than another, but if it i~ more 
efficient and thereby redu~es the weight of fuel and other cargo, it is for aU purposes 
the lighter of the tw!). . . 

. The ; ~arne is true of the cost. Comparative figures mean nothing. The ques,tlon 
is whether th.e investment of capital is justified by what is to be accomplished. But 
enough h:).S been said to show that lor results in all res~cts equivalent, assuming 
thel}l tq be ·~ssib\e, the.gear type, notwithstanding all claims to the contrary, would be 
more «;xpenstve. . 

Th'lt the electric drive is experimental and uncertain of performance is the l~ast 
tenable of adverse assertions. In the first place, it has been successfully employed on a 
number of vessels and a great many more :ue being built. It :Uso was found to be capable 
of an efficiency higher than that of any other form. But this is quite immaterial. 
The confidence that in the present instance all expectations will be realized is not based 
on .a few. demonstrations, but on years of experience with power plaqts ever since my 
system was commercially inaugurated. Tens of millions of horse power of induction 
motors are now in use the world over and no failure is recorded . . 

• 
.NEW CRUISERS' REQUIREMENTS .. 

The new cruisers will require 180,000 horse power each, which, if necessary can 
be developed by four units of 45,000 l.1orse power. Turbines of that capacity have been 
constructed and are in operation today. Dynamos of corresponding output have been 
installed at several places and are supplying light and power to large cities and districts. 
Induction motors of 15,000 horse power are being turned out by the manufacturers 
and can be produced in any size that may be desired, for of all kinds of motors this 
is the simplest and most dependable. Long since the whole system has been worked 
out and perfected to the Ieast·detail. The project is colossal, but it can be readily carried 
out by any of the few concerns who arc possessed of the proper facilities, Not even 
a new tool has to be made. • There is nothing whatever untried or hazardous about the 
electric drive. 

Much stress is laid on reports, still to be verified, that it was rejected by England 
and Germany. But this is of ho consequence. It has been rejected liere more than once. 
Besides, there was war in the air of Europe and the time for radical innovat.ions 
unpropitious. Moreover, the Diesel engine was looming up with large possibilities and 
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Dr. F6ttingei"s hydraulic drive was being tried. The beginning must be made somewhere 
and it would be deplorable indeed if the United States, where the invention was first 
announced and-introduced on a'1gigantic scale, were the last to recognize it. Such mistakes 
have happened only too often.· The foreign navies .arc not· in the habit .of keeping ' thc 
press informed of their doings and it is safe to predict that if progress in this country 
is much retarded there V!ill be a. repetition of previous disappointments. 
·. · It · is unnecessary to dwell on other objections which a.re of minor importance ami' 
of no bearing on the principle. Without going into 'tedious technical discussion, it may 
be stated that the. electric drive, if judiciously designed, will save not less than twenty
five per '<Cnt of fuel and, with due regard to this and 'Certain specific and invaluabk' 
advantages, will be lighter·, cheaper and in every respect more dependable than the gear. 
In fact, I believe that a scheme can be devised permitting the placing of all vital parts 
below the water line. In view of this, it. is to be hoped that the Secretary of the Navy 
will not pay attention to ~'le protests of rivals, however patriotic, but will cause the good 
work to be pushed to completion~ with all the power :tt'his command. 

Th~e statements ;ue to be understood as reflecting the present state. of the art. 
The :tdvcnt of :t 'i:eversiole ·turbine will profo.undly 'affect the ·situation in favor of the 
gear. Such :1 m~chine has been perfected and was described in the Herald of October 
15, ·19 1 l . It is · the ' lightest' prime mover ever produced :1nd can be operated without 
trouble at red heat, thereby obtainin,s a very high economy in the transformati_on of· 
heat energy. I anticipate itS speedy and extensi~e application' to ship propulsion. But 
although an idc:dly simple and very inexpcnsivc·•drivc will be thus provided. there will 
still be weighty reasons for adopting the electric method on :war ships. Tn 'order to 
dissip:tte all doubt' cre:ttecl in the mind by diversified engineering opinion, I will make: 
known hut one of them, which in itself is sufficiently consequential and cnnvmcln;~ 
to .dispense with further arguments. 

.•. 
l 

• 

DISARMAMENT IMPOSSIBLE 
.. ' . . . ' 

., 
' 

:·. · It ··is id!e to dream of •disarmament and univers.l\1 ·peace in the face of the terrible 
cvc?nts which .arc now· unfolding. They prove conclusively that no country will be 
allowed ' to control all others by iny means . .Before.. all peoples can feel secure of their 
n:~tional existence and worldwide harmony established certain obstacles will have to 
be removed, the chief of whid1 are German militarism, British domination of the seas, 
the rising tide of Russian millions, the yellow. peril and the· money power of America. 
These adjustments will be slow and penniblc in conformity with natural laws. 
International · friction and irmed conflict will not ·be banished from the earth for .a long 
period to come. The drag on human progress would not 'be so great if .war energy could 
be maintained . in . pW:cly potential form. Thi~ C:ln and. will be done . through the 
univccia! .introduction of wireless power: Then all destructive energy will be obtained 
without 'effort merely by' contcolling the life sustaining forces of peace. 

·: The lrlai'nte~an'ce of war' ships .and other m!Jitary implements involves an appalling 
w~fe:· A· ';es~el cps.ting twepty ·mi\lions of dollars · is rendered virtually worthless in ·the 
shl>rt'spa1n' o'f ten years, deteriorating at the mean rate of two million dollars a year,' 
intereSt not considered . . Hardly more than one out' of fifty serves its real purpose. 
To: lessen this ruinou5 'loss and exploit certain inventions I elaborated a sc~eme some· 
years ago. It was recognized as rational bur financially and in other ways· difficult of 
rcal~zation. · Now,.· when nation3l'.economy i and·: preparedness have become burning 
questions, it :~ssumes special •import and significance. · .. 

. . ' . ' . . . . . . 
. . . . .. .. 
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• 
TO USE W .r\R SHIPS IN PEACE 

The underlying idea is to make war ships available for purposes of peace in a 
profitable manner, at the same time improving them in a number of features. I am 
aware of the proposal lately advanced to employ them as carriers of commerce, but 
this is not feasible and would be an impediment to further perfection. My project 
primarily contemplated the instalment of the electric drive and the use of the turbo
dynamos for light and power supply and manufacture of various valuable products 
and articles aboard or on land. This would be a step in the direction of present 
development meeting the objects of both military and industrial preparedness. I further 
intended the creation of a type of vessel on radically different principles, which would 
be a precious asset in peace and ever so much · more destructive in war. The new 
cruisers, if equipped as planned by the Navy D epartment, will constitute four flo:~ting 
central st:~tions of 180,000 horse power each. The turbines and dynamos are designed 
for highest efficiency and operate under most favorable conditions. The power they 
arc capable of developing represents a market value of se,·eral million dollars :1 year 
.tnd could be :~dvantageously utilized :tt places where fuel can be readily obrnined :~nd 
transport is convenient. The·plants would also prove of great v~lue in cases of emergency. 
lltey could be quickly sent to an)• noint :~long the coast of the United Srntes or 
elsewhere :tnd would en:tble the government to lend speedy assistance whenever 
nccess:~ry. 

But this is not all. There is another and still more potent reaso n for adopting the 
electric method. It is founded on rite knowledge that at a time not distant the present 
means :tnd methods of w:trf:tre will be revolutionized through novel applications of 
electric force . 

• 
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AN AUTOBIOGRAPHICAL ARTICLE 

54, Nikob Tesl1 





SOME PERSONAL RECOLLECTIONS* 

I am glad to be accorded this opportunity for two re;lSOns. In the first place I have 
long since desired to express my great appreciation of the Scientific American 
and to acknowledge my indebtedness for the timely and useful information which its 
columns are pouring out in a steady stream. It is a publication remarb.blc for the high 
quality of special articles as well as for the accurate review of technical advances. The 
knowledge it conveys is always reliable and rendered still more valuable through the 
scrupulous observance of literary courtesy in the quotation of the sources. The services 
it has rendered in helping invention and spreading enlightenment arc inest imable. The 
Scientific American is a periodical ably and conscientiously conducted, measured 
and dignified in tone to the point of serving as a model, and in these features, as murh 
as in the wealth and excellence of its contributions, it reflects great credit, not only 
on its staff and publishers, but on the whole country. This is not an idle compliment, 
but a genuine and well-deserved tribute to which I add my best wishes for continued 
success on this memorable occasion. 

The second reason is one that concerns me personally. MAny erroneous statements 
have appeared in print relative to my discovery of the rotating magnetic field and 
invention of the induction motor which I was compelled to pass in silence. Great 
interests have waged a long and bitter contest for my patent rights; commercial 
animosities and professional jealousieS were aroused, and I was made to suffer in more 
than one w:1y. But despite of all pressure and eHorts of insenious bwyers and experts, 
the rulings of the courts were in support of my claims for priority in every instance 
without exception. The battles hJ.ve been fought and forgotten, the thirty or forty 
patents granted to me on the alternating system have expired, I have been released of 
burdensome obligations and am free to speak. 

Every experience which I have lived through bearing on that early discovery i~ 

vividly present in my memory. I see the faces of the persons, the scenes and objects of 
my attention, with a sharpness and distinction and in a fullness of light which IS 

astonishing, and is a measure of the intensity and depth of the original impressions. 
1 have always been fortunate in ideas, but no other invention, however great, could 
be as dear to me as that first one. This will be understood if I dwell briefly on the 
circumstances surrounding it and some of the phases and incidents of In}' young life. 

From my childhood I had been intended for the clergy. This prospect hung like 
a dark cloud on my mind. After passing eleven years at a public sehoul and a higher 
institution, I obtained my certificate of maturity and found myself at the critical point 
of my career. Should I disobey my father, ignore the fondest wishes of my mother, or 
should I resign myself to fate? The thought oppressed me, and I looked to the future 
with dread. 

Just at that time a terrible epidemic of cholera broke out in my nJtive land. People 
knew nothing of the character of the disease and the means of sanitation were of the 
poorest kind. They burned huge piles of odorous shmbbcry to purify the air, but drank 
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freely of the infected water and died in crowds like sheep. Contrary to peremptory order.. 
from my father I rushed home and was stricken down. Nine months in bed with sCllrccly 
the ·ability to move seemed to exhaust all my vitaliry, and I was given up by the 
physicians. It was an agonizing experience, not so much because of physical suUering 
as on account of my intense desire to live. On the occasion of one of the fainting spells 
my father cheered me by a promise to let me study engineering; but it would ha,·c 
remained unfulfilled bad it not been for a marvelous cure brought about by an old lady. 
There was no fort;e of suggestion or mysterious influence about it. Such me-Jns would 
have had no effect whatever on me, for I was a firm believer in natural laws. The remedy 
was purely medicinal, heroic if not desperate; but it worked and in one year of mountain 
climbing and forest life I was fit for the most arduous bodily exertion. My father kept 
his word, and in 1877 I entered the Joanneum in Gratz, Styria, one of the old~t 
technical institutions of Europe. I proposed to show results which would repay my 
parents for their bitter disappointment due to my change of vocation. It was not a 
passing determination of a light-hearted youth; it was iron resolve. As some young 
reader of the Scientific American might draw profit from my example I will expl.tin. 

Three rotors used with- the euly induction motor shown below 

When I was a boy of seven or eight I read a novel entitled "A.bafi" - The Son 
of Aba - a Servian translation from the Hungarian of Josika, a writer of renown. 
The lessons it tcad1es :ue much like those of "Ben-Hur," and in this respect it might 
be viewed :lS anticipatory of the work of Wallace. The possibilities of will-power :~nd 
self-coRtrol appealed tremendously to my vivid imagination, and I bcg:tn to discipline 
myself. Had I a sweet cake or a .juicy apple which I was dying to cat I would ~-:ivc 
it to another boy and go through the tortures of Tantalus, pained but satisfied. Had 
I some difficult task before me whim was exhausting I would attack it again and 
again until it was done. So I practised day by day from morninj:: till night. At first 
it called for a vi.~orous mental effort directed against disposition and desire, but as years 
went by the conflict lessened and finally my will and wish became identical. They uc 
so to-day, and in this lies the secret of whatever success I have ac-hie,·cd. These 
experiences arc as intimately linked with my discovery of the rotating ma~;:nctic field 
as if they formed an essential part of it; but for them I would nc,·cr hJ,·e im·ented 
the induction motor. 

In the first year of my studies at the Joanneum I rose regularly at three o"clock 
in the morning and worked till eleven at night; no Sund1ys or holidays excepted. My 
success was unusual and excited the interest of the: professors. Among these was 
Dr. Aile, who lectured on differential equations and other branches of higher 
mathematics and whose addresses were unforgetable intdlcctual treats, and Prof. Poeschl, 
who held the chnir of Physics, theoretical and experimental. 1l1cse men I alwnys 
remember with a sense of gratitude. Prof. Poeschl was peculiar; it was s:tid of him 
that he wore the same coat for twenty years. 13ut what he lacked in personal 
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m:tgnetism he made up in the perfection of his exposttton. I ne,·er saw him 
miss a word or gesture, and his demonstrations and experiments always went off with 
clocklike precision. Some time in the winter of 1878 a new apparatus was installed in 
the lecture room. It was a dynamo with a laminated permanent magnet and a G ramme 
armature. Prof. Poesd1l had wound some wire a~ound the field to show the principle 
of self-excitation, and provided a battery for running the machine as a motor. As he 
was illustrating this latter feature there was lively sparking at the commutator and 

• 

One of the earliest of induction motors. Althoush it weis ht-d only a little over 20 pounds, it 
Jc,·doped '.4 hors<'·powcr at a speed of 1,800 revolutions, a performance considcr<·J remarkable 

at the time. 

brushes; and I ventured to remark that these devices mi,~;ht be eliminated. He said 
that it was quite impossible and likened my proposal to a perpetual motion scheme, 
which· amused my fellow students :Uld C'mbarrassed me greatly. For a time 1 hesitated, 
impressed by his authority, but my conviction g rew stronger. and I decided to work 
out the solution. At that time my resolve meant more to me than the most solemn vow. 

I tlndertook the task with all the fire and boundless confidence of youth. To my 
mind it was simply a test of will-power. I knew nothing of the technical diffimltit-s. 
All my remaining term in Gratz was passed in intense but fruitless effort, and I almost 
convinced myself that the problem was unsolvable. Indeed, I thought, was it possible to 
transfom1 the steady pull of gravitation into a whirling force? The answer was an 
emphatic no. And was this not also true of magnetic attraction? The two propositions 
appeared very mum the same. 



A-198 

In 1880 I went to Prague, Bohemia, carrying out my father's wish to complete my 
school' education at a university. The atmosphere of that old and interesting city was 
favorable to invention. Hungry artists were plentiful and intelligent comp:~.ny could be 
found everywhere. Here I made the first distinct step in advance, by detaching the 
commutators from the machines and placing them on distant arbors. Every day I imagined 
:~rrangements on this plan without result, but feeling that I was nearing the solution. 
In the following year there was a sudden change in my views o( life. I realized that 
my parents were making too great sacrifices for me and resolved to relieve them of the 
burden. "fhe American telephone wave had reached the European continent, and the system 
was to be installed in Budapest. It appeared an ideal opportunity, and I took the train 
for that city. By an irony of fate my first employment was as a .draughtsman. I hated 
drawing; it was for me the very worst of annoyances. Fortunately it was not long 
before I secured the position I sought, that of chief electrician to the telephone company. 
My duties brought me in contact with a number of young men in whom I bec::tme 
interested. One of these was Mr. Szigety, who was a remarkable specimen of humanity. 
A big head with an :1wful lump on one side and a sallow complexion made him 
distinctly ugly, but from the neck -iuwn his body might have served for a statue of 
Apollo. His strength was phenomenal. At that time I had exhausted myself through 
hard work and incessant thinking. He implieSScd me with the necessity of systemat!c 
physical development, and I :1cccpted hi$ offer to train me in. athletics. We exercised 
every day and I gained rapidly in strength. My mind also seemed to grow more 
vigorous and as my thoughts turned to the subject which absorbed me I was 
surprised nt my confiden~=C of success. On one occasion, ever present in my recollection, 
we were enjoying ourselves in the Varos-liget or City Park. I was reciting poetry, of 
which I was passionately fond. At that age I knew entire books by heart and could 
read them from memory word by word. One of these was Faust. It was late in the 
afternoon, the sun was setting, and I was reminded of the passage: 

"Sie riida utul wti<ht, du Tag ist iibtrl~bt, 
Dorl eilt sie ?in tiTid /order/ IIttleS ubm, 
Oh, dttSS leeitJ Fliigel mi<h vom Dodm hebt 
lhr ntub und imtntr na<h zu strebc11! 

/l<h, zu des Gcistes Fhigd11 tvird so lcirht 
Kcin leorperlirhu Fltigel sirh gtscllm!" 

As I spoke the last words: plunged in thought and marveling at the power of the 
poet, the idea ~-arne like a lightning fl:ISh. In an instant I saw it all, and T drew with 
a stick on the sand the diagrams whid1 were illustrated in my fundamental patents of 
May, 1888, and which Szigety understood perfectly. 

It is extremely difficult for me to put this experience before the reader in its 
true light and significance for it is so altogether extraordinary. When an idea presents 
itself it is, as a rule, crude and imperfect. Birth, growth and devdopmtnt .tre phase> 
normal and natural. It was different with my invention. In the very moment I lx:t"am~ 
conscious of it. I saw it fully devc:loped and perfected. Then again, a theory. huwc:ver 
plausible, must usually be confirmed by experiment. Not so the one I had formulated. 
It was being daily demonstrated every dynamo and motor was absolute proof of its 
soundness. The effect on me was indescribable. My imaginings were C"<juivalcnl to 
realities. I had carried out what I had ur.dertaken and pictured myself achieving wealth 
and fame. But more than all this was ~o me the revelation that I was an inventor. ll1is 
was the one thing I wanted to be. Archimedes was my ideal. I admired the works 
of artists, but to my mind, they were only shadows and semblances. The inve-ntor, 
I thought, gives to the world creations which are palpable, whid1 live and work. 

The telephone installation was now completed and in the spring of 1882 an offer 
was ma~e me to go to Paris, which I accepted eagerly. Here I met a number of 
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Americans whom I befriended and to whom I talked of my invention, ~nd one of 
them, Mr. D. Cunningham, proposed to form ~ company for exploitation. This might 
h~ve been done had not my duties called me to Str~burg, Alsace. It w~s in this city 
that I constructed my first motor. I had brought some material from Paris, and ~ disk 
of iron with bearings was made for me in a mech~nical shop close to the railroad 
station in which I w~ installing the light and power pl~nt. It w~ ~ crude app:lr.l.tus, 
but aHorded me the supreme satisfaction of seeing for the first time, rotation ~Hected 
by alternating currents without commutator. I repeated the experiment with my ~sistant 
twice in the summer of 1883. My intercourse with Americans had directed my attention 
to the practical introduction ~nd I endeavored to secure capital, but ~ unsucccssf ul in 
this attempt and returned to Paris early in 1884. Here, too, I made several ineHectu~l 
efforts, and finally resolved to go to America, where I arrived in the summer of 1884. 
By a previous understanding I entered the Edison Machine Works, where I undertook 
the design of dynamos and motors. For nine months my regular hours were from 10:30 
A. M. till 5 A. M. the next day. All this time I was getting more and more anxious 
about the invention and w~ making up my mind to place it before Edison. l still 
remember an odd incident in this connection. One day in the latter p~rt of 1884 
Mr. Bachelor, the manager of the works, took me to Coney Island, where we met 
Edison in company with his former wife. The moment that I w~ waiting for ~ 
propitiqus, and I was just ~bout to spc~k, when a horrible looking tr~mp took hold of 
Edison and drew him nway, preventing me from carrying out my intention. Early in 1885 
people approadted me with a proposition to develop an arc light system ~nd to form 
n company under my name. I signed the co>ntract, and ~ year and a half later I was 
free and in a position to devote myself to the practical development of my discovery. 
I found financial support, and in April, 1887, ~company was organized for the purpose, 
and what has followed since is well known. 
. A few \\'Ords should be rud in regard to the various daims for ~nticip~tion which 

were made upon the issuance of my patents in 1888, and in numerous suits conducted 
subsequently. There were three contestants for the honor, Ferraris, Sch~llenberger ~nd 
Cabanellas. All three succumbed to grief. The oopponents of my p~tents advanced the 
Ferraris claim very strongly, but :~ny one who will peruse his little Italian pamphlet, 
which :~ppeared in the spring of 1888, and compare it with the patent record filed 
by me seven months before, and with my paper before the American Institute of 
Electrical Engineers, will ha,·e no difficulty in reaching a conclusion. Irrespective of 
being behind me in time, Prof. Fermis's publication concerned only my split-phase 
motor, and in an application for a patent by hjm priority was awarded to me. He ne,·er 
suggested :~ny of the essential practical features which constitute my system, and in 
regard to the split-phase motor he was very decided in his opinion that it was of no 
''alue. Both Ferraris and Schallenbergcr discovered the rotation accidentally while 
working with :1 Gaullard and Gibbs transformer, nnd had difficulty in expbining the 
actions. Neither of them produced a rotating field motor like mine, nor were their 
theories the same as my own. As to Cabanellas, the only reason for his claim is :1n 
abandoned and defective technical document. Some over-zealous friends have interpreted 
a United States patent granted to Bradley as a contemporary record, but there is no 
foundation wlutcver for such a claim. The original application only described a generatoc 
with two circuits 'vhich were provided for the sole purpose of incr~ing the output. 
There was not much novelty in the idea., since a number of such machines existed at 
that time. To say that these nuchines were anticip:~tions of my rot:uy transfonner is 
wholly unjustified. 1l1ey might have served as one of the clements in my >ystem of 
trnnsformation, but were nothing more than dynamos with two circuits ~onstructed 
with other ends in view and in utter ignorance of the new and wonderful phcnomen3 
•eve~led thrQIUgh my discO''cry. 



• 



PHOTOGRAPHS 





Niko/.1 1'esltt ttl tbc ".t!.e of 23 

55. Nikola Teslo 



Nikolt1 Tes!tt ttl the (/ge of 39 



Nikola T esla in his working •·oom 



Niko!t1 Tcslr1 111 his /,J/;orlltory 



N ikola 1'esla witb bis "artifiri,,/ daylight" 



Tesla's "artificial da)'ligbt" 11't/J used in taking this pbotogmpb of Tesla's hands 



.. ' A _,_ ' ... ,._~., 

/ . 

. 

C ~ _L.;_,-
, ;z- ... .,~ ".<'' 

' / , 
-- ..... ""7 ,A._ 

""""-- • ••• .& ~ L ,. /'..-.c. ~ , 

t.... Y/.4-4 ~ .. /- L . 

;~~ -4- /£.. ~ 

.LL~.e.-. t'. ...; .. -L.._ 

L._ y~· 

,. . • • • <.. 

c:... -- ---< 
r't. ·.<_ - ~~5 I .... 

011<' pttgc of T .:.rltt's nott:bonk from Colrmulo Sprm.~, 



'J'esla'.r l11bomtory figbtetl by Tt.oln's "nrlificinl dtt)'fight" 



, 



I 
I I I \ ,J I . I I I I ,J I \ I I 

early laboratary model of Ter!a motor 1vi1h romul rotor and .rlip rings 



l.,trge dp~tuno-elutric (J.rrillntor 





*·~-~~ illl# .. .,. ':1~!''; i'ofJOP•IIl• ~ 
,-.;-.,..,.~~,.• 

i n his lt~bort~lory tit Colomdo Spriugs '.fe.rlel pmd!lr;;t! <!Xfr.:mdy bigh t'olt<~ge.r 11p to . 
12000000 t•olts (fit t1 frl!tjllell<"Y of .fl!t'~r.d h11u:lrcd tbommul cydn jJI!r seamd) 





Lotl'f!l" part 11Jith rotor of z·cs/a's Slt't/111 /11rbi11e 





• 
• 

' . .. 





• 

NIKOLA TESLA 

PUBLISHER: NOLIT, PUBLISHING HOUSE, 
BEOGRAD 0 TECHNICAL ASSIST ANT OF 
N IKOLA TESLA MUSEUM: ZIVOT A P A VLO
VIC 0 TECHNICAL DIRECTOR OF NOLIT: 
ANTE SANTIC 0 PRINTED BY KUL TURA 
PRESS, BEOGRAD, YUGOSLAVIA, JUNE 1956-


	Introduction.pdf
	u-1.jpg
	u-2.jpg
	u-3.jpg
	u-4.jpg
	u-5.jpg
	u-6.jpg
	u-7.jpg
	u-8.jpg
	u-9.jpg
	u-10.jpg
	u-11.jpg
	u-12.jpg
	u-13.jpg
	u-14.jpg
	u-15.jpg
	u-16.jpg
	u-17.jpg
	u-18.jpg
	u-19.jpg
	u-20.jpg
	u-21.jpg
	u-22.jpg

	Lectures.pdf
	l-1.jpg
	l-2.jpg
	l-3.jpg
	l-4.jpg
	l-5.jpg
	l-6.jpg
	l-7.jpg
	l-8.jpg
	l-9.jpg
	l-10.jpg
	l-11.jpg
	l-12.jpg
	l-13.jpg
	l-14.jpg
	l-15.jpg
	l-16.jpg
	l-17.jpg
	l-18.jpg
	l-19.jpg
	l-20.jpg
	l-21.jpg
	l-22.jpg
	l-23.jpg
	l-24.jpg
	l-25.jpg
	l-26.jpg
	l-27.jpg
	l-28.jpg
	l-29.jpg
	l-30.jpg
	l-31.jpg
	l-32.jpg
	l-33.jpg
	l-34.jpg
	l-35.jpg
	l-36.jpg
	l-37.jpg
	l-38.jpg
	l-39.jpg
	l-40.jpg
	l-41.jpg
	l-42.jpg
	l-43.jpg
	l-44.jpg
	l-45.jpg
	l-46.jpg
	l-47.jpg
	l-48.jpg
	l-49.jpg
	l-50.jpg
	l-51.jpg
	l-52.jpg
	l-53.jpg
	l-54.jpg
	l-55.jpg
	l-56.jpg
	l-57.jpg
	l-58.jpg
	l-59.jpg
	l-60.jpg
	l-61.jpg
	l-62.jpg
	l-63.jpg
	l-64.jpg
	l-65.jpg
	l-66.jpg
	l-67.jpg
	l-68.jpg
	l-69.jpg
	l-70.jpg
	l-71.jpg
	l-72.jpg
	l-73.jpg
	l-74.jpg
	l-75.jpg
	l-76.jpg
	l-77.jpg
	l-78.jpg
	l-79.jpg
	l-80.jpg
	l-81.jpg
	l-82.jpg
	l-83.jpg
	l-84.jpg
	l-85.jpg
	l-86.jpg
	l-87.jpg
	l-88.jpg
	l-89.jpg
	l-90.jpg
	l-91.jpg
	l-92.jpg
	l-93.jpg
	l-94.jpg
	l-95.jpg
	l-96.jpg
	l-97.jpg
	l-98.jpg
	l-99.jpg
	l-100.jpg
	l-101.jpg
	l-102.jpg
	l-103.jpg
	l-104.jpg
	l-105.jpg
	l-106.jpg
	l-107.jpg
	l-108.jpg
	l-109.jpg
	l-110.jpg
	l-111.jpg
	l-112.jpg
	l-113.jpg
	l-114.jpg
	l-115.jpg
	l-116.jpg
	l-117.jpg
	l-118.jpg
	l-119.jpg
	l-120.jpg
	l-121.jpg
	l-122.jpg
	l-123.jpg
	l-124.jpg
	l-125.jpg
	l-126.jpg
	l-127.jpg
	l-128.jpg
	l-129.jpg
	l-130.jpg
	l-131.jpg
	l-132.jpg
	l-133.jpg
	l-134.jpg
	l-135.jpg
	l-136.jpg
	l-137.jpg
	l-138.jpg
	l-139.jpg
	l-140.jpg
	l-141.jpg
	l-142.jpg
	l-143.jpg
	l-144.jpg
	l-145.jpg
	l-146.jpg
	l-147.jpg
	l-148.jpg
	l-149.jpg
	l-150.jpg
	l-151.jpg
	l-152.jpg
	l-153.jpg
	l-154.jpg
	l-155.jpg
	l-156.jpg
	l-157.jpg
	l-158.jpg
	l-159.jpg
	l-160.jpg
	l-161.jpg
	l-162.jpg
	l-163.jpg
	l-164.jpg
	l-165.jpg
	l-166.jpg
	l-167.jpg
	l-168.jpg

	Patents.pdf
	p-1.jpg
	p-2.jpg
	p-3.jpg
	p-4.jpg
	p-5.jpg
	p-6.jpg
	p-7.jpg
	p-8.jpg
	p-9.jpg
	p-10.jpg
	p-11.jpg
	p-12.jpg
	p-13.jpg
	p-14.jpg
	p-15.jpg
	p-16.jpg
	p-17.jpg
	p-18.jpg
	p-19.jpg
	p-20.jpg
	p-21.jpg
	p-22.jpg
	p-23.jpg
	p-24.jpg
	p-25.jpg
	p-26.jpg
	p-27.jpg
	p-28.jpg
	p-29.jpg
	p-30.jpg
	p-31.jpg
	p-32.jpg
	p-33.jpg
	p-34.jpg
	p-35.jpg
	p-36.jpg
	p-37.jpg
	p-38.jpg
	p-39.jpg
	p-40.jpg
	p-41.jpg
	p-42.jpg
	p-43.jpg
	p-44.jpg
	p-45.jpg
	p-46.jpg
	p-47.jpg
	p-48.jpg
	p-49.jpg
	p-50.jpg
	p-51.jpg
	p-52.jpg
	p-53.jpg
	p-54.jpg
	p-55.jpg
	p-56.jpg
	p-57.jpg
	p-58.jpg
	p-59.jpg
	p-60.jpg
	p-61.jpg
	p-62.jpg
	p-63.jpg
	p-64.jpg
	p-65.jpg
	p-66.jpg
	p-67.jpg
	p-68.jpg
	p-69.jpg
	p-70.jpg
	p-71.jpg
	p-72.jpg
	p-73.jpg
	p-74.jpg
	p-75.jpg
	p-76.jpg
	p-77.jpg
	p-78.jpg
	p-79.jpg
	p-80.jpg
	p-81.jpg
	p-82.jpg
	p-83.jpg
	p-84.jpg
	p-85.jpg
	p-86.jpg
	p-87.jpg
	p-88.jpg
	p-89.jpg
	p-90.jpg
	p-91.jpg
	p-92.jpg
	p-93.jpg
	p-94.jpg
	p-95.jpg
	p-96.jpg
	p-97.jpg
	p-98.jpg
	p-99.jpg
	p-100.jpg
	p-101.jpg
	p-102.jpg
	p-103.jpg
	p-104.jpg
	p-105.jpg
	p-106.jpg
	p-107.jpg
	p-108.jpg
	p-109.jpg
	p-110.jpg
	p-111.jpg
	p-112.jpg
	p-113.jpg
	p-114.jpg
	p-115.jpg
	p-116.jpg
	p-117.jpg
	p-118.jpg
	p-119.jpg
	p-120.jpg
	p-121.jpg
	p-122.jpg
	p-123.jpg
	p-124.jpg
	p-125.jpg
	p-126.jpg
	p-127.jpg
	p-128.jpg
	p-129.jpg
	p-130.jpg
	p-131.jpg
	p-132.jpg
	p-133.jpg
	p-134.jpg
	p-135.jpg
	p-136.jpg
	p-137.jpg
	p-138.jpg
	p-139.jpg
	p-140.jpg
	p-141.jpg
	p-142.jpg
	p-143.jpg
	p-144.jpg
	p-145.jpg
	p-146.jpg
	p-147.jpg
	p-148.jpg
	p-149.jpg
	p-150.jpg
	p-151.jpg
	p-152.jpg
	p-153.jpg
	p-154.jpg
	p-155.jpg
	p-156.jpg
	p-157.jpg
	p-158.jpg
	p-159.jpg
	p-160.jpg
	p-161.jpg
	p-162.jpg
	p-163.jpg
	p-164.jpg
	p-165.jpg
	p-166.jpg
	p-167.jpg
	p-168.jpg
	p-169.jpg
	p-170.jpg
	p-171.jpg
	p-172.jpg
	p-173.jpg
	p-174.jpg
	p-175.jpg
	p-176.jpg
	p-177.jpg
	p-178.jpg
	p-179.jpg
	p-180.jpg
	p-181.jpg
	p-182.jpg
	p-183.jpg
	p-184.jpg
	p-185.jpg
	p-186.jpg
	p-187.jpg
	p-188.jpg
	p-189.jpg
	p-190.jpg
	p-191.jpg
	p-192.jpg
	p-193.jpg
	p-194.jpg
	p-195.jpg
	p-196.jpg
	p-197.jpg
	p-198.jpg
	p-199.jpg
	p-200.jpg
	p-201.jpg
	p-202.jpg
	p-203.jpg
	p-204.jpg
	p-205.jpg
	p-206.jpg
	p-207.jpg
	p-208.jpg
	p-209.jpg
	p-210.jpg
	p-211.jpg
	p-212.jpg
	p-213.jpg
	p-214.jpg
	p-215.jpg
	p-216.jpg
	p-217.jpg
	p-218.jpg
	p-219.jpg
	p-220.jpg
	p-221.jpg
	p-222.jpg
	p-223.jpg
	p-224.jpg
	p-225.jpg
	p-226.jpg
	p-227.jpg
	p-228.jpg
	p-229.jpg
	p-230.jpg
	p-231.jpg
	p-232.jpg
	p-233.jpg
	p-234.jpg
	p-235.jpg
	p-236.jpg
	p-237.jpg
	p-238.jpg
	p-239.jpg
	p-240.jpg
	p-241.jpg
	p-242.jpg
	p-243.jpg
	p-244.jpg
	p-245.jpg
	p-246.jpg
	p-247.jpg
	p-248.jpg
	p-249.jpg
	p-250.jpg
	p-251.jpg
	p-252.jpg
	p-253.jpg
	p-254.jpg
	p-255.jpg
	p-256.jpg
	p-257.jpg
	p-258.jpg
	p-259.jpg
	p-260.jpg
	p-261.jpg
	p-262.jpg
	p-263.jpg
	p-264.jpg
	p-265.jpg
	p-266.jpg
	p-267.jpg
	p-268.jpg
	p-269.jpg
	p-270.jpg
	p-271.jpg
	p-272.jpg
	p-273.jpg
	p-274.jpg
	p-275.jpg
	p-276.jpg
	p-277.jpg
	p-278.jpg
	p-279.jpg
	p-280.jpg
	p-281.jpg
	p-282.jpg
	p-283.jpg
	p-284.jpg
	p-285.jpg
	p-286.jpg
	p-287.jpg
	p-288.jpg
	p-289.jpg
	p-290.jpg
	p-291.jpg
	p-292.jpg
	p-293.jpg
	p-294.jpg
	p-295.jpg
	p-296.jpg
	p-297.jpg
	p-298.jpg
	p-299.jpg
	p-300.jpg
	p-301.jpg
	p-302.jpg
	p-303.jpg
	p-304.jpg
	p-305.jpg
	p-306.jpg
	p-307.jpg
	p-308.jpg
	p-309.jpg
	p-310.jpg
	p-311.jpg
	p-312.jpg
	p-313.jpg
	p-314.jpg
	p-315.jpg
	p-316.jpg
	p-317.jpg
	p-318.jpg
	p-319.jpg
	p-320.jpg
	p-321.jpg
	p-322.jpg
	p-323.jpg
	p-324.jpg
	p-325.jpg
	p-326.jpg
	p-327.jpg
	p-328.jpg
	p-329.jpg
	p-330.jpg
	p-331.jpg
	p-332.jpg
	p-333.jpg
	p-334.jpg
	p-335.jpg
	p-336.jpg
	p-337.jpg
	p-338.jpg
	p-339.jpg
	p-340.jpg
	p-341.jpg
	p-342.jpg
	p-343.jpg
	p-344.jpg
	p-345.jpg
	p-346.jpg
	p-347.jpg
	p-348.jpg
	p-349.jpg
	p-350.jpg
	p-351.jpg
	p-352.jpg
	p-353.jpg
	p-354.jpg
	p-355.jpg
	p-356.jpg
	p-357.jpg
	p-358.jpg
	p-359.jpg
	p-360.jpg
	p-361.jpg
	p-362.jpg
	p-363.jpg
	p-364.jpg
	p-365.jpg
	p-366.jpg
	p-367.jpg
	p-368.jpg
	p-369.jpg
	p-370.jpg
	p-371.jpg
	p-372.jpg
	p-373.jpg
	p-374.jpg
	p-375.jpg
	p-376.jpg
	p-377.jpg
	p-378.jpg
	p-379.jpg
	p-380.jpg
	p-381.jpg
	p-382.jpg
	p-383.jpg
	p-384.jpg
	p-385.jpg
	p-386.jpg
	p-387.jpg
	p-388.jpg
	p-389.jpg
	p-390.jpg
	p-391.jpg
	p-392.jpg
	p-393.jpg
	p-394.jpg
	p-395.jpg
	p-396.jpg
	p-397.jpg
	p-398.jpg
	p-399.jpg
	p-400.jpg
	p-401.jpg
	p-402.jpg
	p-403.jpg
	p-404.jpg
	p-405.jpg
	p-406.jpg
	p-407.jpg
	p-408.jpg
	p-409.jpg
	p-410.jpg
	p-411.jpg
	p-412.jpg
	p-413.jpg
	p-414.jpg
	p-415.jpg
	p-416.jpg
	p-417.jpg
	p-418.jpg
	p-419.jpg
	p-420.jpg
	p-421.jpg
	p-422.jpg
	p-423.jpg
	p-424.jpg
	p-425.jpg
	p-426.jpg
	p-427.jpg
	p-428.jpg
	p-429.jpg
	p-430.jpg
	p-431.jpg
	p-432.jpg
	p-433.jpg
	p-434.jpg
	p-435.jpg
	p-436.jpg
	p-437.jpg
	p-438.jpg
	p-439.jpg
	p-440.jpg
	p-441.jpg
	p-442.jpg
	p-443.jpg
	p-444.jpg
	p-445.jpg
	p-446.jpg
	p-447.jpg
	p-448.jpg
	p-449.jpg
	p-450.jpg
	p-451.jpg
	p-452.jpg
	p-453.jpg
	p-454.jpg
	p-455.jpg
	p-456.jpg

	Articles.pdf
	a-1.jpg
	a-2.jpg
	a-3.jpg
	a-4.jpg
	a-5.jpg
	a-6.jpg
	a-7.jpg
	a-8.jpg
	a-9.jpg
	a-10.jpg
	a-11.jpg
	a-12.jpg
	a-13.jpg
	a-14.jpg
	a-15.jpg
	a-16.jpg
	a-17.jpg
	a-18.jpg
	a-19.jpg
	a-20.jpg
	a-21.jpg
	a-22.jpg
	a-23.jpg
	a-24.jpg
	a-25.jpg
	a-26.jpg
	a-27.jpg
	a-28.jpg
	a-29.jpg
	a-30.jpg
	a-31.jpg
	a-32.jpg
	a-33.jpg
	a-34.jpg
	a-35.jpg
	a-36.jpg
	a-37.jpg
	a-38.jpg
	a-39.jpg
	a-40.jpg
	a-41.jpg
	a-42.jpg
	a-43.jpg
	a-44.jpg
	a-45.jpg
	a-46.jpg
	a-47.jpg
	a-48.jpg
	a-49.jpg
	a-50.jpg
	a-51.jpg
	a-52.jpg
	a-53.jpg
	a-54.jpg
	a-55.jpg
	a-56.jpg
	a-57.jpg
	a-58.jpg
	a-59.jpg
	a-60.jpg
	a-61.jpg
	a-62.jpg
	a-63.jpg
	a-64.jpg
	a-65.jpg
	a-66.jpg
	a-67.jpg
	a-68.jpg
	a-69.jpg
	a-70.jpg
	a-71.jpg
	a-72.jpg
	a-73.jpg
	a-74.jpg
	a-75.jpg
	a-76.jpg
	a-77.jpg
	a-78.jpg
	a-79.jpg
	a-80.jpg
	a-81.jpg
	a-82.jpg
	a-83.jpg
	a-84.jpg
	a-85.jpg
	a-86.jpg
	a-87.jpg
	a-88.jpg
	a-89.jpg
	a-90.jpg
	a-91.jpg
	a-92.jpg
	a-93.jpg
	a-94.jpg
	a-95.jpg
	a-96.jpg
	a-97.jpg
	a-98.jpg
	a-99.jpg
	a-100.jpg
	a-101.jpg
	a-102.jpg
	a-103.jpg
	a-104.jpg
	a-105.jpg
	a-106.jpg
	a-107.jpg
	a-108.jpg
	a-109.jpg
	a-110.jpg
	a-111.jpg
	a-112.jpg
	a-113.jpg
	a-114.jpg
	a-115.jpg
	a-116.jpg
	a-117.jpg
	a-118.jpg
	a-119.jpg
	a-120.jpg
	a-121.jpg
	a-122.jpg
	a-123.jpg
	a-124.jpg
	a-125.jpg
	a-126.jpg
	a-127.jpg
	a-128.jpg
	a-129.jpg
	a-130.jpg
	a-131.jpg
	a-132.jpg
	a-133.jpg
	a-134.jpg
	a-135.jpg
	a-136.jpg
	a-137.jpg
	a-138.jpg
	a-139.jpg
	a-140.jpg
	a-141.jpg
	a-142.jpg
	a-143.jpg
	a-144.jpg
	a-145.jpg
	a-146.jpg
	a-147.jpg
	a-148.jpg
	a-149.jpg
	a-150.jpg
	a-151.jpg
	a-152.jpg
	a-153.jpg
	a-154.jpg
	a-155.jpg
	a-156.jpg
	a-157.jpg
	a-158.jpg
	a-159.jpg
	a-160.jpg
	a-161.jpg
	a-162.jpg
	a-163.jpg
	a-164.jpg
	a-165.jpg
	a-166.jpg
	a-167.jpg
	a-168.jpg
	a-169.jpg
	a-170.jpg
	a-171.jpg
	a-172.jpg
	a-173.jpg
	a-174.jpg
	a-175.jpg
	a-176.jpg
	a-177.jpg
	a-178.jpg
	a-179.jpg
	a-180.jpg
	a-181.jpg
	a-182.jpg
	a-183.jpg
	a-184.jpg
	a-185.jpg
	a-186.jpg
	a-187.jpg
	a-188.jpg
	a-189.jpg
	a-190.jpg
	a-191.jpg
	a-192.jpg
	a-193.jpg
	a-194.jpg
	a-195.jpg
	a-196.jpg
	a-197.jpg
	a-198.jpg
	a-199.jpg
	a-200.jpg
	a-201.jpg
	a-202.jpg
	a-203.jpg
	a-204.jpg
	a-205.jpg
	a-206.jpg
	a-207.jpg
	a-208.jpg
	a-209.jpg
	a-210.jpg
	a-211.jpg
	a-212.jpg
	a-213.jpg
	a-214.jpg
	a-215.jpg
	a-216.jpg
	a-217.jpg
	a-218.jpg
	a-219.jpg
	a-220.jpg
	a-221.jpg


