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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF SlVIILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE 
TESLA ELEOTRIC LIGHT AND MANUFAOTURING OOMPANY, OF RAHWAY, 
NEW JERSEY. 

COMMUTATOR FOR DYNAMO-ELECTRIC MACHINES. 

SPECIFICATION forming part of Letters Patent No. 334,823, dated January 26,1886. 

Application filed May 6, 1885. Serial No. 1(;4,534. (No mode!.) 

To all whom it may concern: I intervening insulating material; B B, the 
Be it known that I, NIKOLA TEsLA, of brushes. cl cl are sheets of asbestus paper or 

Smiljan Lika, border country of Austria-Hnn- other suitable nOli-conducting material. f f 55 
gary, have invented an Improvement in Dy- are springs, the pressure of which may be ad-

S namo-Electric 1\1achines, of which the f01l0w- jnsted by means of t,he screws 9 g. 
ing is a specification. In Fig. 2 a simple arrangement is shown 

My invention relates to the commutators with two plates of Illica or other material. It 
on dynamo -electric machines, especially in will lle seen that whenever one commutator- 60 
machines of great electroll1oti ve force, adapted segment passes ont of contact with the brush 

10 to arc lights; and it consists in a device by the forlllation of the arc will be prevented by 
means of which tbe sparking OIl the commu- the intervening- insulating material coming in 
tat or is prevented contact with the insulating material on the 

It is known that in machines of great elec· brush. 
trol1lotive foree-snch, for instance, as those I My invention may be carried ont in many 

IS used for arc lights-'whenever one commutator ways; and I do not lilllit myself to any particn· 
bar or plate comes out of contact with the col- lar device, as my invention consists, broadly, 
lecting·brush a spark appears on the commu· in providing a solid non-conducting body to 
tator. This spark may be due to the break of bear upon the surface of the commutator, by 70 
t.he complete circuit, or of a shunt of low re- the intervention of which body th.e sparking 

20 sistance formed by the brush between two or is partly or completely prevented. 
more comlllutator·bars. In the first case the I prefer to use asbestus paper or cloth im
spark is more apparent., as there is at the 1110- pregnated with zinc-oxide, magnesia, zirconia, 
ment when the circuit is bi'oken a discharge or other suitable llIaterial, as the paper and 75 
of the magnets throngh the field-helices, pro· cloth are soft" and serve at, the sallie time to 

25 ducing a great spark or flash which canses an wipe and polish the commutator; but mica or 
unsteady current, rapid wear of t,he comllln- any other suitable Illaterial may be employed, 
tator bars and brushes, and waste of power. said material being an insulator or a bad con
The sparking may bo rellucecl by various de- ductol' of electricit,y. 
vices, such as provilling a path for the cnr- 1\'1y invention may be applied to anyelec-

30 rent at the moment when the commutator tric apparatus in which Sliding contacts are 
segment or bar leaves the brush, by short-cir- employed. 
cuiting the field· helices, by illcreasing the I claim as my invention-

80 

number of the commutator· bars, or by other 1. 'rhe combination, with the commutator- 85 
similar means; but all these devices are ex· bars and intervening insulating material and 

35 pensive or not fnlly available, and seldom at· brnsliesinadynall10 elect,ricmachine,ofasoliri 
tain the object desired. insuhltor or bad conductor of electricity ar-

:My invention enables me to prevent the ranged to bear upon the surface of the COIl1-
sparking in a simple manner. Jj'or this pur- mutator adjacent to the tmd of the brush, for 9c 
pose I employ wit.h the commutator· bars the purpose set forth. 

40 and intervening insulating lllateriallllica, as· 2. In an electric apparatus in which sliding 
bestus paper or other insulating and prefer· contacts with intervening insulating material 
ably incombustible material, which I arrange are employed, the combination, with the con· 
to bear on the snrface of the cOllllllutator, taet springs 01' brushes, of a solid insulator or 95 
Hear to and behind the brush. bad conductor of electricit,y, as and for the 

45 :My invention will be easily understood by purposes set forth. 
reference to the accompanying drawings. Signed hy me this 211 day of :May, A. D. 

In the drawings, Fignre 1 is a section of a 1885. 
COllllIlutator with an asbestns insulating de
vice"; and Fig. 2 is a similar view, represent-

50 ing two plates of mica upon the back of the 
brush. I 

In Fig. 1, C rcpresents the commutator and I 

NIKOLA TESLA. 

'Witnesses: 
GEO. T. PINCKNEY, 
"\VILUAl\I G. }\Io'l''l'. 
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~UNITED STATES PATENT OFFICE. 

NIKOIlA TESLA, OF SlUILJAN LIKA, l\.USTRIA-HUNGARY, ASSIGNOR TO THE 
TESLA ELEOTRIC LIGHT AND J\IANUFAOTURING OOJ\IPANY, OF RAHWAY, 
NEW JERSEY, 

ELECTRIC~ARC LAMP. 

SPECIFICATION forming part of Letters Patent No. 335,786, dated February 9, 188E::. 

Application filed March :l0. 1885. Serial No. 160,574. (No mode.l.) 

2'0 all wh01n it 111Jay concern: I sired objectR and to l'emelly the before-men- 50 
Be it known that I, NIKOLA TESLA, of Smil- tioned defects. I combine two electro-mag

jan Lika, border country of A.ustria-Hungary, nets-one of low resistance in the main or 
have invented certain new and useful Im-Ilamp circuit, and the other of comparatively 

5 provements in Electric-Arc Lamps, of which high resistance in a shunt around the arc-a 
the following is a specification. . movable armature -lever, and a novel feed 55 

My invention relates more particularly to I mechanism, the parts being arranged so that 
those arc lamps in which the separation and in the normal ,yorking position of the arma
feed of the carbon electrodes or their equiva- ture-lever the same is kept almost rigidly in 

10 lents is accomplished by means of electro- one position, and is not effected even by con
magnets or solenoids in connection with suit- siderable changes in the electric circuit; but 60 
able clutch-mechanism; and it is designed to I if the carbons fall into contact the armature 
remedy certain faults common to the greater will be actuated by the magnets so as to move 
part of the lamps heretofore made. the lever and start the arc, and hold the car-

IS The objects of my invention are to prevent I bons until the arc lengthens and the arma-
the frequen~ vib~'ations of ~he m~v_able elec- ture-lev~r returns to the nor~lal position. 65 
trode and :fhckermg of the lIght arISmg there- After thIS the carbon-rod holder IS released by 
from, to prevent the falling' into contact of the the action of the feedmechanism,so as to feed 
electrodes, to dispense with the dash-pot, the carbon and restore the arc to its normal 

20 clock-work, or gearing and similar devices length. 
heretofore used, aud to render the lamp ex- l\Iy invention consists, mainly, in the par- 70 
tremely sensitive, and to feed the carhon al- ticular manner in which the armatnre is com
most imperceptibly,and thereby obtain a very bined with the magnets and acted upon by 
steady and uniform light. them and in the feed-controlling mechanism. 

25 In that class oflamps where the regulation In the drawings, Figure 1 is an elevation of 
of the arc is effected by forces acting in oppo- the mechanism made use of in the electric 75 
sition on a free movable rod or lever directly lamp. Fig. 2 is a pJan view of the same be
connected with the electrode, all or some of I low the line x x. Fig. 3 is an elevation of the 
the forces being dependent on the strength balancing lever and spring, and Fig. 4 is a de-

30 of the cnrrent, any change in the electrical con- tached plan view of the pOle-pieces and arma
dition of the circuit causes a vibration and a tnres upon the friction-clamp, ::md Fig. 5 is a 80 
corresponding flicker in the light. This dif- section of the clamping-tube. 
:ficulty is most apparent when there are only :iiI is a helix of coarse wire in a circuit from 
a few lamps in circuit. To lessen this diffi- the lower-carbon holder to the negative bind, 

35 culty, lamps have been constructed in which ing-screl\,~. 
the lever or armature, after the establishing N is a helix of :fine wire in a shunt between 85 
of the arc, is kept in a fixed position and cau- the positive binding-screw + and the negative 
not vibrate during the feed operation, the feed binding-screw~. The upper-carbon holder 
mechanism acting independently; butin these S is a parallel rod sliding through the plates 

4C lamps, when a clamp is employed, it frequently S' S' of the frame of the lamp, and hence the 
occurs that the carbons come into contact and electric current passes from the positive binc1- 9G 
the light is momentarily extinguished, and, ing-post + through the plate S', carbon
frequently,parts of the circuit are injured. In holder S, and upper carbon to the lower car
both these classes of lamps it has been enstom- bon, and thence by the holder and a meta,1lic 

45 ary to use dash-pot, clock-work, or eql1iva- connection to the helix M. 
lent retarding devices; but these are gener- The carbon-holders are of any desired char- 9.5 
ally unreliable and obj ectionable, and increase acter, and to insure electric connections the 
the cost of construction. springs l are made use of to grasp the uppero 

. My invention is intended to effect the de- carbon holding rod S, but to allow the rod to 

.. 
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slide freely t~rollgh ~he sa~e. These springs I-the core ]\'1'. If, now, the arc ?econ!es too 
l may be adJ llsted III thelr pressure by the long, the cUrJ'ent throngh the helix M IS less
screw?n, and the spring l may be sustained sened, and the magnetism of the core N3 is in
upou any suitable support. I have shown creased by the greater current passing through 70 

5 them as connected with t,he upper end of the the shunt, and this core N3 attracting the seg
core of the magnet N.mental armature r lessens the hold of the 

Around the carbon-holding rod S, between clamp R upon the rodS, allowing the latter to 
the plates S' S2, there is a tube, R, which forms slide and lessen the length of the arc, which 
a clamp. This tube is counterbored, as seen instantly restores the magnetic -equilibrium 75 

to in the section Fig. 5, so that it bears upon the and causes the clamp R to hold the rod S. If 
rod S at its upper end and near the middle, and it happens that the carbons fall into contact, 
at the lower end of this tubular clamp R there then the magnetism of N' is lessened so much 
are armature-segments r of soft iron. A frame that the attraction of the magnet M will be 
or arm, n, extending, preferably, from the core sufficient to move the armature a and lever A 80 

IS N2, supports the lever A by a fulcrum-pin, o. I so that the armature b passp.s above the nor
This lever A has a hole, through which the mal position, so as to separate the carbons in
upper end of the tubular clamp R passes freely, stantly; but when the carbons burn away a 
and from the lever A is a link, q, to the lever greater amount of current will pass through 
t, which lever is pivoted at y to a ring upon the shunt until the attraction of the core N' 85 

20 one of the columns S3. This level' t has an will overcome the attraction of the core M' and 
opening or bow surrounding the tubular clamp bring the armature-lever A again into the nor
R, and there are pins or pivotal connections mal horizontal position,and this occurs before 
10 between the lever t and this clamp R, and the feed can take place. The segmental arma-
a spring, 1'2, serves to support or suspend the ture pieces l' are shown as nearly semicircular: 90 

25 weight of the parts and balilllce the same, or They may be square or of any other desired 
nearly so. This spring is preferably adjust- shap"', the ends of the pole-pieces M3 N3 being 
able. . made to correspond in shape. 

At one end of the lever A is a soft- iron arma- I claim as my invention-
ture block, a, over the core lYl' of the helix 1. The combination, in an electric-arc lamp, 95 

30 M, and there is preferably a limiting-screw, c, of the electro-magnets in the main and shunt 
passing through this armature-block a, arid at circuits, respectively, an armature-lever and 
the other end of the lever Ais a soft-iron arm a- connection to the movable carbon-holder, the 
ture-block, b, with the end tapering or wedge- core of the shunt-magnet passing across the 
shaped, and the same comes close to and in end of the armature-lever, substantially as set 100 

35 line with the lateral projection e on the core forth, so that the two magnets act in conjunc
N'. The lower ends of the cores M' N' are tion on the armature-lever in moving the car
made with lateral projecting pole-pieces IVP bon to form the arc and in opposition to each 
Na, respect,ively, and these pole-pieces are con- other beyond the normal position of the arma-
cave at their outer ends, and are at opposite ture-leyer, substantially as specified. I05 

40 sides of the armature-segments T at the lower 2. The combination, with the carbon-hold-
end of the tubular clamp R. ers, of two magnets, one in the main circuit 

The operation of these devices is as follows: and the other in a shunt-circuit, and an arma-
In the condition of inactiOli the upper carbon ture-lever to draw the arc, and a feeding 
rests upon the lower one, and when the cur- mechanism and pole-pieces upon the elect,ro- rro 

45 rent is turned on the electricity passes freely, magnets to act upon the feeding mechanism, 
by the frame and spring l, through tbe rod S substantially as specified. 
and carbons to the coarse wire and helix M, I 3. The combination, with the carbon-hold-
and to the negative binding-post V, and the ers, of two magnets, one in the main circuit 
core M' thereby is energized. Tbe pole-piece I and the other in a sbunt-circuit, and an arma- r 15 

50 M3 attracts the armature 1', and by the lateral ture-lever between two poles of sucb electro
presflure causes the clamp R to grasp the rod magnets to draw the arc, and a feeding mech
S', and the lever A is simultaneously moved anism and pole-pieces upon the oth",r two 
from the position shown by dotted lines, Fig. I poles of the electro-magnets to act upon the 
1, to the normal position sbown in full lines, I feeding mechanism, substantially as specified. I20 

55 and in so doing the link qand lever t are raised, 4. Tbe combination, with the carbon-hold-
lifting the clamp R and rod S, separating the ing rod in an electric-arc lamp, of the clamp 
carbons and forming the arc. Tbe magnetism I R, lever t, spring T\ armature-lever A, and 
of the pole-piece e tends to hold the lever.A. electro-magnets IV1 N in the main and shunt 
level,or nearly so, the core N2 being energized circuits, respectively, the pole-pieces M3 Na, 125 

60 by the current in the shunt which contains and armature-segments r,substantially as set 
. the helix N. In this position the lever A is forth. 
not moved by ordinary variation in the elec- 5. Jf1iecombination, with the carbon-holder, 
tric current because the armature b is strongly of a tubular clamp surrounding the same, an 
attracted by the magnetism of e,and these parts I armature -lever connected to said .tubular 130 

65 are close to each other, and the magnetism of clamp, and electro-magnets in the main and 
- ~ acts at right angles to the magnetism of shunt circuits, respectively, andarmature-seg-

r t 
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lnehls upon the tubular clamp adjacent to the 
lateral poles of the electro-magnets, substan
tially as set forth. 

6. In an electric-arc lamp,the combination, 
5 with the carbon-holding rod, of a clamp, two 

armatures npon the clamp, and electro-mag
nets in the main and shunt circuits, re
spectively, the poles of which act upon the 
armatures of the clamp for bringing the same 

into action or releasing it, substantially as set IO 
forth. 

Signed by me this 25th day of l\Iarch, A. 
D.1885, 

NIKOLA TESLA. 
-Witnesses: 

GEO. T. PINCKNEY, 
CRAS. H. S:i\'IITR. 



(N a Model.) 2 Sheets-Sheet 1. 
N. TESLA. 

ELEOTRIO ARC LAMP. 

No. 335,787. Patented Feb. 9, 1886. 

? .f 

~D~(J~ , 

dnvontOi 
lliko&u g;;;-ecv 

R'"~ #. audU' 
-===~ CUb 

N. PETERS, Photo-lilhogr:Jp/1er, Washington, D. C. 



(No :rvrodel.) 

? 
,-7" /.' C/;(j J 

~~ 
d~~ 
g&,VT9~d:"'5 

N. TESLA. 
2 Sheets-Sheet 2. 

ELEOTRIO ARO LAMP. 

Patented Feb. 9, 1886. 

J~() 
c:--;;/zvA'AJCa veJ-Ccv 

fjL~~#:~ 
========0 z;=y 

N. PETERS. pncto·Lilhogr;lpher, Wa~t>inrrlon. D. C. 



UNITED STATES PATENT OFFICE. 

SIKOLl~_ TESLA, OF SIHILJ.A.N LIKA, AUSTRIA-HUNGARY, ASSIGKOR '1'0 THE 
TEST.JA ELEOTRIC LIGHT AND lYIANUF AOTURING COMPANY, OJ!' RAHWAY, 
NEW JERSEY. 

ELECTRIC .. ARC LAMP, 

SPECIFICATION forming part of Letters Patent No. 335,78'1, dated February 9, 1886. 

Application filed July 13, 1883. Serial No. 111,416. (No model.) 

To all wh01n it may conoern: sufficient to produce the required magnetism, 
Be it known that I, NIKOLATESLA, of Smil- besides a greater surface is offered for cooling 

jan Lika, border country of Austria-Hungary, off t.he wires. 
have invented certain Improvements in Elec- The upper pole-pieces, 1n IL, ofthe magnets 

5 tric-Arc Lamps, of which the following is a are curved, as indicated in the drawiug's, Fig. 5S 
specification. 1. The lower pole-pieces, m' n' ,are brought near 

In another application, No. 160,574, filed together, tapering toward the armature g, as 
by me March 30, 1885, I have shown and de- shown in Figs. 2 and 4. The object of this 
scribed a lamp having two magnets: in tl1C taper is to concentrate the greatest amount of 

IO main and shunt circuits, respectively, an ar- I the developed magnetism upon the armature, 60 

mature-lever, and feed· mechanism connected and also to allow the pull to be exerted always 
to the armature-lever. upon the middle of the armature g. This 

lYIypresent invention consists in some modi- armature g is a piece of iron in the shape of a 
fications of and improvements upon the de- hollow cylinder, having on each side a seg-

15 vices shown in the application referred to. ment cut away, the width of which is equal to 65 
In my present invention I further provide the width of the pole-pieces 111' n'. 

means for automatically withdrawing a lamp The armature is soldered or otherwise fast
from the circuit, or cutting out the same, ened to the clamp r, whir.h is formed of a 
when, from a failure of thefeec1, the arc reaches brass tube, provided with gripping-jaws e e, 

20 an abnormal length, and also means for auto- Fig. 5. These jaws are arcs of a circle of the 70 

matically reinserting such lamp in the circuit diameter of the rod R, and are made of some 
when the rod drops and the carbons come into bard metal, preferably of hardened German 
contact. silver. I also make the guides j j, through 

l\'Iy invention will be understood with refer- which t,he carbon-holding rod R slides, of the 
25 ence to the accompanying drawings. sallle material. This has the advantage to re- 75 

In the drawings, Figure 1 is an elevation of duce greatly the wear and corrosion of the 
the lamp with the case in section. Fig. 2 is a parts coming in frictional contact with the rod, 
sectional plan at the line x x. Fig. 3 is an which frequently causes trouble. The jaws e e 
elevation, partly in section, of the lamp at are fastened to the inside of the tube r, so 

30 right angles to Fig. 1. 1!"ig. 4 is a sectional that one is a little lower than the other. The 80 
plan at the line y y of Fig. 1. Fig. 5 is a sec- object of this is to provide a greater opening 
tion of the clamp in about full size. Fig. 6 is for the passage of the roel when the same is 
a detached section illustrating the connection released by the clamp. The clamp T is sup-
of the spring to the lever that carries the pi v-ported on bearings 10 10, Figs. 1, 3 and 5, "IV hich 

35 ots of the clamp, and Fig, 7 is a diagram are just in the middle between the jaws c e. I 85 
showing the circuit-connections of the lamp. find this disposition to be the best. The bear-

In the drawings, Fig. 1, IVI represents the ings 10 10 are carried by a lever, t, one end of 
main and N the shunt magnet, both securely which rests upon an adjust,able support, q, of 
fastened to the base A, which, with its side the side columns, S, the ot,her end being COll-

40 columns,S S, is preferably cast in one piece of nectec1 by means of the link e' to the armature- 90 
brass or other diamagnetic material. To the lever L. The armature-lever L is a fiat piece 
magnets are soldered or otherwise fastened the of iron in Z shape, having its cuds curved so 
brass washers or disks (t (t a a. Similar wash- as to correspond to the form of the upper 1) ole
ers, b b, of :fiber or other insulating material, pieces of the magnets ]\,1 and N. It is hung 

4.5 serve to insulate the wires from the brass upon the pivots v v, Fig. 2, which are in the 95 
washers. jaw x of the top plate, B. This plate B, with 

The magnets IVI and N are made very fiat, the jaw, is preferably cast in one piece and 
so that their width exceeds three times their screwed to the sic1e columns, S S, that extend 
thickness, or even more. In this way a com- up from the base A. To partly balance the 

50 paratively small number of cOllvolutions is overweight of the moving parts a spring, i, wo 

... 
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:Figs. 2 and 6, is fastened to the top plate, B, magnetism of the whole compound magnet is 
and hooked to the lever t. The hook 0 is to- diminished. 
ward one side of the lever or bent a little With regard to the armature g and the op- 70 
sidewise, as seen in Fig. 6. By this means a eration of the lamp, the pole m' may be termed 

5 slight tendency is given to swing the armature I as the" clamping" and the pole 11,' as the "re
toward the pole-piece m' of the main magnet. leasing" pole. 

Tbe binding - posts Ie Ie' are preferably '\ As tbe carbons burn away, the fine wire re~ 
screwed to tbe base A. A manual switch, for ceives more current and tbe magnetism di- 75 
short-circuiting the lamp wben the carbons roinisbes in proportion. This causes tbe arma-

IO are renewed, is also to be fastened to the base. ture-lever L to swing and the armature g to 
Tbis switch is of ordinary character, and is not descend gradually under the weight of the 
shown in the drawings. moving parts until tbe end p, Fig. 1, strikes 

The rod R is elect,rically con~ected tocthe --a-stop on tbe top plate, B.· The adjustment is 80 
lamp-frame by means of a flexible conductor such that when this takes place the rod R is 

[5 or otherwise. Tbe lamp-case receives a re- yet gripped securely by tbe jaws e e. The 
movable ornamental cover, 82

, at'ound the same . furtber downward movement of' the armature-
to inclose the parts. _ lever being prevented, the arc becomes longer 

'fhe electrical connections are as indicated as the carbons are consumed, and the com- 85 
diagrammatically in Fig. 7. pound magnet is weakened more and more 

20 The wire in the main magnet consists of t.wo until the clamping -armature g releases the 
parts, x' and p'. 'l'hese two parts may be in hold of the gripping-jaws e e upon the rod R, 
-two separated coils or in one single helix, as and the rod is allowed to drop a little, short
shown in the drawings. The part x' being ening thus the arc. The fine wire now re- 90 
normally in circnit, is, with tbe fine wire upon ceiving less current, the magnetism increases, 

25 the shunt'magnet, wound and traversed by the and the rod is clamped again and slightly 
current in the same direction, so as to tend to raised, if necessary. This clamping and re
produce similar poles, n n or 8 8, on the cor- leasing of the rod continues until the carbons 
responding pole-pieces of the magnets M and are consumed. In practice the feed is so sen- 95 
N. The part p' is only in circnit when tbe sitive that for the greatest part of the time the 

30 lamp is cut out, and then the current being in movement of the- rod cannot be detected with
the opposite direction produces in the main out some actual measurement. During the 
magnet magnetism of the opposite polarity. normal operation of the lamp tbe armature-

'fbe operation is as follows: .At the start the lever L remains stationary, or nearly so, in 100 

carbons are to be in contact, and the cnrrent the position shown in Fig. 1. . 
35 passes from the positive binding· post Ie to the Should it arise tbat., owing to an imperfec-

lamp-frame, carbon-holder, upper and lower tion in the rod, the same and the carbons drop 
carbon, insulated return-wire in one of the too far, so as to make the arc too short, or even 
side rods, and from there through t,he part x' bring the carbons in contact, then a very small 105 
of the wire on the main magnet to the nt'ga· amount of current passes through the fine wire, 

40 tive binding-post. Upon the passage of the and the compound magnet becomes sufficient- -
current the main magnet is energized and at- Iy strong to act as on the start in pulling the 
tracts the clamping-armature g, swinging the armature· lever L down and separating t,he 
clamp and gripping the rod by means of the carbons to a greater distance. 110 

gripping-jaws e e. .At the same time the ar- It occurs often in practice that the rod sticks 
45 mature-lever L is pulled down and the car- in the guides. In this case the arc reaches a 

bons separated. In pulling down tbe arma- great length, until it finally breaks. Then tbe 
ture-lever L the main magnet is assisted by light goes out. and frequently the fine wire is 
the shunt-magnet N, the latter being mag- injured. To prevent such an accident, I pro- [15 

netized by magnetic indnction from the mag- vide my lamp with an automatic cut -out. 
SO net 1\'1. This cut-out operates as follows: Wben, upon 

It will be seen that the armaturt's Land g a failure of the fced, the arc reaches a certain 
are practically the keepers for the magnets M predetermined length, such an amount of cur-
and N, and owing to this fact both magnets relit is diverted through the fine wire that the 120 

with eitber one of tbe armatures Land g may polarity of the compound magnet is reversed. 
55 be considered as one horsesboe-magnet, which Theclamping-armaturegis now moved against 

we migbt term a "compound magnet." The tbe shunt-magnet N until it strikes the releas
whole of the soft-iron parts 111, 1n', g, 11,', n, and ling-POle n'. As soon as tbe contact is estab-
L form a compound magnet. lished, the current passes from the positive 125 

The carbons being separated, the fine wire binding-post over the clamp 1', armature g, 
60 receives a portion of the current. Now, the insulated shunt-magnet, and the helixp' upon 

magnetic induction from the magnet M is such tbe main magnet 1\{ to the negative binding-
as to produce opposite poles on the corre- post. In this case the current passes in the 
sponding ends of the magnet N; but tbe cnr- opposite direction and changes the polarity of 1,,0 

rent traversing the helices tends to produce the magnet M, at the same time maintaining 
65 similar poles on the corresponding ends of by magnetic induction in the core of shunt

both magnets, and therefore as soon as tbe fine magnet the required magnetism without re· 
wire is traversed by sufficient current the versal of polarity, and the armature g remains 
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against the slnmt-magnet pole n'. '1'he lamp to the clamp, the main and shunt magnets, 
is thus cut out as long as the carbons are sepa- and the respectiye poles of thesametoactupon 
rated. The cut-out may be used in this form the clamping -armature and armature -lever, 
without any further improvement; but I pre- respectively, substantially as set forth. 65 

5 fer to arrange it so that if the rod drops and 4. In an electric-arc lamp, a cut-out con-
the carbons come in contact the arc is started sisting of a main magnet, an armatnre, and a 
again. For this purpose I proportion the re- shunt-magnet having an insulated pole-piece, 
sistauce of the part p' and the number of the and the cut-out circuit-counections through 
convolutions of the wire upon the main mag- the pole-piece and armature, substantially as 70 

10 net so that wben the carbons come in contact a set forth. 
sjlfficientamountofcurrentisdiverted through 5. In an electric-arc lamp, the combination, 
the carbons and the part x' to destroy or neu- with the carbon-holder and magnets, of the 
tralize the magnetism of the compound mag- armatures Land g, link e', clamp T, and lever 
net. Then the armature g, having a slight t, and t,he spring s', for the purpose set forth. 75 

IS tendency to approach to the clamping-pole m', 6. In an electric-arc lamp, the combination, 
comes out of contact with the releasing-polen'. with two upright magnets in the main and 
As soon as this happens, the current through shunt circuits, respectively, having curved 
the part p' is interrupted, and the whole cur- pole-pieces on one end and converging pole
rent passes through the part x. The magnet pieces on the other end, of a flat Z-shaped 80 

20 IVI is now strongly magnetized, the armature armature - lever between the curved pole
g is attracted, and the rod clamped. At the pieces and a clamping-armature between the 
same time the armature-lever L is pulled down convergent pole-pieces, substautial1y a1' de
out of its normal position and the arc started. scribed. 
In this way the lamp cuts itself out automatic- 7. '1'he combination, in an electric-arc lamp, 85 

25 ally when the arc gets so long, and reinserts of an electro-magnet in the main ci.rcuit and 
itself automatically in the circuit if the car· an plectro-magnet in the shunt - circuit, an 
bons drop together. armature under the influence of the poles of 

It ,,·ill be seen that the cut-out may be modi- the respective magnets, and circuit-con nec-
fied without departing from ~the spirit of my tions controlled by such armature to cut out 90 

30 invention, as long as the shunt-magnet closes or shunt the lamp, substantially as specified, 
a circuit including a wire npon the main mag- whereby the branch circuit is closed by the 
net and continues to keep the contact closed, magnetism of the shunt-magnet, and then kept 
being magnetized by magnetic induction from closed by induced magnetism from the main 
the main magnet. It is also obvious to say magnet, substantially as set forth. 95 

35 that the magnets and armature1' may be of any I 8. The combination, with the carbon-holder 

I claim as my invention- a feeding-clamp, an armature for the same, 
desired shape. I and rod and the main and shunt magnets, of 

1. The combination, in an arc-lamp, of a I c1amping and releasing poles upon the cores 
main and a shunt magnet, an armature-lever I of the respective magnets, and circuit-connec- roo 

q.o to draw the arc, a clamp, and an armature to tions through the clamping-armature, substan-
act upon the clamp, a clamping-pole and a tially as specified, for shunting the current 
releasing-pole upon the respective cores, the when the electric arc between t,be carbons be
cores, poles, armature-lever, and clamping- comes abnormally long, substantially as set 
armature forming a com ponnd electro-magnet, forth. 

+5 substantially as set forth. 9. '1'he combination, with the carbon-hold-
lOS 

2. The combination, in an electric arc lamp, I ing rod and a clamp for the same, of an ar
of a carbon-holder and its rod, a clamp for mature upon the clamp, a shunt-magnet the 
such carbon-holder, a clamping-armature con- pole of which acts to release the clamp, and a 
nccted to the clamp, a compound electro-mag- main magnet with a two-part helix, one por- I lO 

50 net controlling the action of the clamping-ar- tion being in the main circuit and the other 
mature, and electric-ciL'cuit connections, snb- portion inashuntorcuL-ont circuit, the clamp
stantially as set forth, for lessening the mag ing armature acting to close said cut-out cir
netism of the compound magnet when tile arc I cuit when the arc beromes too long and to 
between the carbons lengthens and augment- break t,ile shunt-circuit when the caruons come II 5 

55 ing the magnetism of the same when the arc I together, snbstantially as set forth. 
is shortened, substantially as described. Signed by me this 11th day of July, A. D. 

3. 1'he combination, with the carbon-hold- I 1885. 
ers in an electric lamp, of a clamp around 
the rod of the upper-carbon holder, t,he clamp-

60 iug-armature connected with said clamp, the 
armature-lever and connection from the same 

NIKOLA. TESLA.. 
'Yitnesses: 

GEO. T. PINCKNEY, 
'YILLLDI G. 1\:[O'1'T. 
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1'0 all whom it ma71 concern: of the main or working circuit, and c the aux-
Be it known that I,~NIKOLA TESLA, of Smil- Hiary brush. The working-circuit D extends 

jan Lika, border country of Austria-Hungary, from the brushes a and b, as usnal, and con
have invented an Improvement in Dynamo- tains electric lamps or other devices, D',either 

5 Electric lVIachines, of which the following is a in series or in multiple arc. 5S 
specification. 1\:11\:1' represent the field-helices, the ends of 

The object of my invention is to provide an I which are connected to the main brushes a 
improved method for regulating the cnrrent and b, The branch or shunt wire 0' extends 
on dynamo-electric machines. from the auxiliary brnsh 0 to the eircuit of the 

co In my improvement I make nse of two main field-helices, and is connected to the same at 60 
brushes, to which the ends of the heliees of an intermediate point, X. 
the field-magnets are connected, and an auxil- H represents the cOlUmutator, with the 
iary brush and a branch or shunt connection plates of ordinary construction. It is now to 
from an intermediate point of the field-wire be understood that when the auxiliary brush 

IS to the auxiliary brush. 0 occupies snch a position upon the commu- 6S 
. The relatiYe positions of the respective tatorthat the electro-motive force between the 

brushes are varied, either automatically or by brushes a and 0 is to the electro-motive force 
hand, so that the shunt becomes inoperative between the brushes 0 and b as the resistance 
when the auxiliary brush has a certain posi- of the circuit a J\f 0' 0 A Jo the resistance of 

20 tion upon the commutator; but when said au x- the circuit b lVI' 0' 0 B, t,11e potentials of the 70 

iliary brush is moved in its relation to the points X and Y will be equal, and no current 
main bl'ushes, or the latter are moved in their willfiowovertheauxijiarybrnsh;butwhenthe 
relation to the auxiliary brush, the electric brush 0 occupies a different position the po
condition is disturbed and more or less of the, tentials of the points X and Y will be differ-

25 current through the field-helices is diverted I ent, and a current will flow over the auxiliary 75 
through the shunt or a current passed over brush to or from the commutator, according 
said shunt to the field-helices. to the relative position of the brushes. If, 

By varying the relative position upon the for instance, the commutator-space between 
commutator of the respective brushes auto- the brushes a and c, when the latter is at the 

30 mati cally in proportion to the varying elec- neutral point, is diminished, a current will 80 
trical conditions of the working-circuit the flow from the point Y over the shunt C to the 
current developed can be regulated in pro- brush b, thus strengthening the current in the 
portion to the demands in the working-circnit. part lVI', and partly neutralizing the current 

Devices for automatically moving the in the part lVI; but if the space between the 
35 brushes in dynamo-electric machines are well brushes a and c is increased, the current will 85 

known, and those made use of in my machine flow over the auxiliary brush in an opposite 
may be of any desired or known character. direction, and the current in 1\1 will be 

In the drawings, Figure 1 is a diagram illus- stregthened, and in 1\1' partly neutralized. 
trating my invention, showing one core of the By combining with the brushes a, b, and 0 

40 field-magnets with one helix wound in the any known automatic regulating mechanism 90 
same direction throu~hout. Figs. 2 and3 are the cnrrent developed can be regulated in 
diagrams showing one core of the field-magnets proportion to the demands in the working
with a portion of the helices wound in oppo- circuit. The parts lYI andl\I' oft.he field-wire 
site directions. Figs. 4 and 5 are diagrams may be wound in t.he same direction. (In this 

45 illustrating the electric devices that may be case they are arranged as shown in Fig.I; or, 9S 
employed fol' automatically adjusting the the part 1\1 may be wound in the opposite di
brushes, and Fig. 6 is a diagram illust.rating rectioll, as shown in Figs. 2 and 3.) 
the positions of the brushes when the machine It will be apparent that the respective cores 
is being energized on the start. of the field·magnets are suhjected to the neu-

50 a and b are the positive andnegatiye brushes tralizing or intensifying effects of the current 100 
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in the shunt through tI, and the magnetisnl of 
the cores will be partially neutralized or the 
point of greatest magnetism shifted, so that it 
will be more or less remote from 01' approach-

5 ing to the armature, and hence the aggre
gate energizing actions of the field magnets 
on the armature will be correspondingly 
varied. 

In the form indicated in Fig. 1 the regula-
10 tion js effected by shifting the point of great

est, magnetism, and in Figs. 2 and 3 the same 
effect is produced by the action Of the cur
rent in the shunt passing through the neu
tralizing-helix. 

15 The relative positions of the respective 
brushes may be varied by moving the auxil
iary brush or the brush c may remain qui
escent and the corep be connected to the main
brush holder A', so as to adj ust the .brushes 

20 ab in their relat,ion to the brush c. If, how
ever; an adjustment is applied to all the 
brnshes, as seen in Fig. 5, the solenoid should 
be connected to both A and C, so as to move 
them toward or away from each other. 

25 There are several known devices for giving 
motion in proportion to an electric current. 
I have shown the moving cores in Figs. 4 and 
5 as convenient devices for obtaining the re.
quired extent of motion with very slight 

30 changes in the current passing through the 
helices. It is understood that the adjustment 
of the main brushes causes variations in the 
strength of the current independently of the 
relative position of said brushes to the aux-

35 iliary brush. In all eases t,he adjustment may 
be such that n.o current flows over the aux
iliary brush when the dynamo is running with 
its normal load. 
. In Figs. 4 and 5, A A indicate the main-

40 brush holder, carrying the mainbmshes, and 
C the auxiliary-brush holder,carrying the aux
iliary brush. These brush-holders are mova
ble in arcs concentric with the center of the 
commulator·shaft. An hon piston, P, of the 

45 solenoid S, Fig. 4, is attached to the auxiliary
brush holder C. The adjust,ment is effected 
by means of a spring and screw or tightener. 

In Fig. 5, instead of a solenoid, an iron tube 
inclosing a coil is shown .. The piston of the 

t GJ 

goil is attached to both brush-holders A A and 50 
Q. When the brushes are moved directly by 
electrical devices, as shown in Figs. 4 and 5, 
these are so constructed that the force exerted 
for adjusting is practically uniform through 
t,he whole length of motion. 55 

I am aware tbatauxiliary brushes have been 
used in connection with the helices of the 
field-wire; but in these instances the helices 
received the entire current through the aux
iliary brush or brushes, and said brushes could 60 
not be taken off without breaking the cirenit 
through the field. These brushes caused, 
however, a great sparking upon the commu
tator. In my improvement the auxiliary 
bl'Ush causes very little or no sparking, and 65 
can be taken off without breaking the circuit 

. through the field-helices. 
My improvement has, besides, the advantage 

to facilitate the self-exciting of the machine 
in all cases where the resistance of the field- 70 
wire is very great comparatively to the reSIst
ance of tbe main circuit at the start-for in
stance, on arc-light machines. In this case I 
place the auxiliary brnsh c near to or in pref
erence in contact with the brush by as shown in 75 
Fig. 6. In this manner the part M' is com- . 
pletely cut out, and as the part M has a con
siderably smaller resistance than the whole 
length of the field -wire the machine excttes 
itself, whereupon the auxiliary brnsh is shifted So 
automatically to its normal position. 

I claim as my invention-
Thecombinatiou, with the'commutator hav-· 

iug two or more main brushes and an auxil
iary brUSh, of the field - helices having their 85 
ends connected to the main brushes, arid a 
branch or shunt connection from an interme
diate point of the field-helices to the auxiliary 
brush, and means for varying the relative po
sition upon the commutator of t,he respective 9c 
brushes, substantially as set forth. . 

Signed by me this 13th day of May, A. D. 
1885. 

NIKOLA TESLA. 

Witnesses: 
G~o. T. PINOKNEY, 
W ALLAOE L. SERRELL. 
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70 all Wh07Yb it may concern: case the current through tbe field-helices will 
Beit known that I, NIKOLA TEsLA, of Smil- be part.ly neutralized and the magnetism of 

jan Lika, border country of Austria-Hungary, the field-magnets diminished. In the second 
have invented an Improvement in Dynamo- case the cnrrent will be increased and the 

5 Electric Machines, of which the following is a magnets will gain strength. By combining 55 
specification. with the brushes abc any automatic regulat-

l\:Iy invention is desiglied to provide an im- ing mechanism the cnrrent developed can be 
proved method for regulating the current in regulated automatically in proportion to the 
dynamo-electric machines. demands in the working-circuit. 

10 In another application, No. 165,793, filed by In Figs. 6 and 7 I have represented somp. of 60 
me lVlay 18, 1885, I have shown a method for the antomatic means that may be used for 
regulating the current in a dynamo having moving the brnshes. The core P, Fig. 6, of 
the field-helices in a shunt. My present ap- the solenoid-helix S, is connected with the 
plication relates to a dynamo having its field- brush c to move the same, and in Fig. 7 the 

15 helices connected in the main circuit. core P is shown as within the helix S, and 65 
In my hnpl'ovement I employ one or more connected with both brushes a and c, so as to 

auxiliary brnshes, by means of which I shunt move the same toward or from each other, 
a portion or the whole of the field-helices. according to the strength of the current in the 
According to the relative position upon the helix, the helix being within an iron tube, S', 

20 commutator of the respective brushes more or that becomes magnetized and increases the 7c 
less cnrrent is caused to pass through the action of the solenoid. 
helices of the field, and the current developed, In practice it is sufficient to move only the 
by the machiue can be varied at will by vary- auxiliary brush, as shown in Fig. 6, as the 
ing the relative positions of the brushes. regulation is very sensitive to the slightest 

25 In the dnl\yings the present invention is changes; but the relative position of the aux- 75 
illustrated by diagrams, which are hereinafter iliary brush to the main brushes may he varied 
separately referred to. by moving the main brllshes, or both main 

In Figure 1, a and b are the positive and and auxiliary brushes may be moved, as illus
negative brnshes of the main circuit, and c trated in :Fig. 7. In the latter two cases, it 

30 an auxiliary brush. The main circuit D ex· will be understood, the motion of the main 80 

tends from the brushes a and b, as usual, and brushes relatively to the neutral line of the 
contains the helices J.\i of the field-wire and machine causes variations in the strength of 
the electric. lamps or other working devices. the current independently of their relative 
The auxiliary brush c is connected to the point position to the auxiliary brush. In all cases 

35 x of the main circuit by means of the wire c'. the adjustment may be such that when the 85 
H is a commutator of ordinary construction. machine is rnnning with the ordinary load no 
From that which has been said in the ap- current flows over the auxiliary brush. 

plication above referred to it will be seen that The fielc1-hr,lices may be connected as shown 
when the electro-motive force between the in Fig. 1, or a part of the field-}lelices may be 

40 brushes a and c is to the electro-motive force in the outgoing and the otberpartin the return 90 
between the brushes c and b as the resistance circuit" and two auxiliary brushes may be 
of the circuit a 1\1 c' c A to the resistance of employed as shown in Figf!. 3 and4. Instead 
the circuit b C B c c' D, the potentials of the of shunt.ing the whole of the field-helices, a 
points x and y will be equal, and no current portion only of such helices may be shunted, 

45 will pass over the auxiliary brush c; but if as shown in Figs. 2 and 4. 95 
said brush occupies a different position reIa· The arrangement shown in Fig. 4 is advan
tively to the main brushes the electric condi· tageous, as it diminishes the sparking upon 
tion is disturbed, and current will flow either the commutator, the main circuit being closed 
from y to x 01' from x to y, according to the J through the auxiliary brushes at the moment 

50 relative position of the brushes. In the first of the break of the circuit at the main brushes. 100 
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The field"helices may be wound in the same 
direction, or a part may be wound in opposi~e 
directions. 

The connection between the helices and the 
5· auxiliary brush or brushes may be made by a 

wire of small resistance, or a resistance may 
be interposed CR, Fig. 5) between the point x 
and the auxiliary brush or brushes to divide 
the sensitiveness when the brushes are ad-

IO justed. 
I am aware that it is not new to use auxiliary 

brushes on the commutator, and that auxiliary 
brushes have been connected to the field heli
ces; but I am not aware that the helices of a 

] 5 series dynamo have been shunted bS means of 
auxiliary brushes, and that the- relative posi
tion of the respective brushes has been varied 
for the purpose of regulating the current de
veloped by the machine. 

20 In instances where auxiliary brushes have 
been used in connection with the field-helices 

said auxiliary brusheS received the current 
continuously and caused great sparking, 
whereas in my invention the auxiliary brush 
receives current only when the normal elec- 25 
trical conditions of the circuit are disturbed. 

1 claim as my invention-
The combination, with the commutator and 

main brushes and one or more auxiliary 
brushes, of the field-helices in the main cir- 30 
cuits and one or more shunt-connections from 
the field-helices to the auxiliary brushes, the 
relative positions upon the commutator of the 
respective brushes being adjustable, for the 
purpose set forth. 3S 

Signed by me this 16th day of May, A. D. 
1885. 

NIKOLA TESLA. 

Witnesses: 
GEO. T. PINCKNEY, 
W.ALLACE L. SERRELL. 
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fE~ 0 U U\ TOR FOR D Y N AM 0 - E LEe T RIC fvl A CHI N E S. 

To (dZ whom it n"Wj concern: 
:ne it known tllat e l , KrKOL_A '1'ESLA, from 

Smiljan I"ika, bonler cOllntry of A.nslria-Rnll
gary, have invented certain Improvements in 

5 I)YllHmO-Elcetric }[acliines. of which tlw fol-
10\)'ill[2,' is a spccification. ' 

Tn other a],])licatiollS T ha\-c shown the comO. 
lllutator of a dvnamo-machinc with the main 
bl'llShes cOllllcetC(l in all eled ]'ic l'ircnit, amI 

IO one or 1ll01'eal1Xi1ial',y lH'l1s1leS serving to shunt 
a part or the 'who!e of the lielfl-coils, the l'egn
lation of the Clll'l'ent being effected by shiftillg 
the rcspective bl'l1shes antonmtically UpOll the 
commutator ill proportion to the yarying reO. 

15 sisiances of the ciJ'cnit. 
Jly present invention relates to the mechani

cal devices ,,-11ic11 I employ to effect the shift
ing' or UlP brll"hes, 

lily invention is clearly shown ill the :lCC0111-
20 panying drawings, in iyhich :Figure 1 is an ele

yation of the regnlatol' with the frame partly 
in section: aml Fk. ~ is a section at the line 

:Fig. 1. ' 
is the cOlllllln( atm; :u and B', the brush-

25 holders, B cal'l'ying tIle main In'ushes a a' 
and B' the anxiLian- or shunt hrushes b (), The 
axis of the bl'llSldl;)lderBissnpported 1)ytwo 
pi vot-scrl;ws, Pl), The other hrnsh -hohler, B': 
has a sleel'!', (I, ntH} is 1I1O'\'a1>lo aroulHl the axi,,; 

30 of the hl'ush-lwlllcl: B. In this way both 
i)rush-holdcrs enn llll'll very freely, the fric
tion of tlw part,;" boi ng reduced to a miuillllllll. 
Over the brn,,;h-holc1el's j:-; lllollntell the sole])
oill S. 'I':hich re::;[s llpOil a forked column, e. 

35 '1'his colullln also affords a support for the pi,'
ots P 1), an<l i:-; fastened upon a solid bracket 
or projection, r, which extends from the base 
of tIl(' l11[1.chinc; and is preferably cast in one 
l)iece with tbe ;3allle, 'l'he brush-holders B TI' 

'fo are connected 1)::;, llleansoftlielinkse caudthe 
cross-piece :IT to the iron core J, which slides 
freely in tho tubo T of the solenoid. '1'beiroll 
core 'llms a sc1'o\\", .. ;. by means or ,rl1ich it 
can 1)e raisetl and ~lll.iL1stod ill its l)Ositioll rel-

(~5 atively to tlw solenoid, so tlmt tbe ]mll ex
erted npon it by the solenoid is practically 
uniform throngh the whole length of moO. 
hOll \\'hich j:-; l,(,([Ull'ec1 to effect the regulation. 
In onlei' to elIeet tho adjnstment, with a greater 

precision the eo]'e I is provided with a slllall 50 
iron screw, s'. The COl'e beillg iirst bronght 
vpry nearly in the 1'e(ll1ire(l posit,ion relatively 
t.o the solenoid by llleallS of the screw s, the 
small screw s' is then adjusted until the mag
lIetic attraction npon the COl'e is the S:lmew]len 55 
the core is in any positioll. A COli venient stop, 
I, serve's to lililii the uJ)w;)]'dmovcmclIt of the 
iron ('ore. 

To check somewhat tlte 1ll0\'elllent oj' j.he 
core I, a dash-pot, K, is nsed. 'rhe piston 1, 60 
of tlIe dash-pot is provided with a valve, Y, 
which opens by a downward pressllre and al· 
lows an easy dowmrard moyement of the iron 
core T. but closes and cheeks the movement of 
the core IV hen the same is pnllec1 up under the 6 j 
action of the solenoid. 

'l'o balance the opposing forces, tbe 'weight 
of the moving parts, and the pull exerted by 
tbe solenoid npon the iron core, the weights 
"\V"\V may be used. 'J'he adjustment is such 7c 
that when the solenoid is tl'LlverselI by the 
normal current it is just strong enough to bal
anee the downward pull oj' the parts. 

'l'he electrical circuit-connections are sub
stantially the same: as inc1icated in my former 75 
ullplications, the solenoid being in series 'with 
the circuit when t.he translating dHices are 
in series amI in a shunt Il"hen the dedces are 
in multiple arc. 

'rhe operation of the llC\'ice is as ["ol1ol\"s: SJ 
"\Vhen upon a decrease of the resistance of the 
circuit or sOllie other reaSOll the current is in
l'l'easec1, the solenoid S gains in strength and 
Imlls up the iron core I) th llS shifting the main 
brllshes in the direction of rotation and the 85 
auxiliary brushes in the opposite way. This 
c1iminishes the strength of the current until 
the opposing forces are balanced and the solen
oill is traversed by the normal current; but 
if from any calise the current in the circuit is 90 
lliminishecl, then the weight of the moving 
part-s overcomes tbe pnll of the solenoid, the 
iroll e01'e I descends, thus shifting the brushes 
the opposite 'Tay and increasing the cnrrent 
to the normal strcngtb. The dash'110t COll- 95 
nected to the irOll rore I may be of ordinary 
constmctiOllj but I 11refer; especially in 111a· 
('hines ('or arc lights, to provide the piston of 
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the dash-pot with a valve, as indicated in the I 3_ The combination, with the brush-holders 3S 
drawings_ This valve permits a compara- and their axes, of a solenoid and core, and a 
tivelyeasy downward movement of the iron connection from the core to the brush-holders, 
core, but checks its movement when it is and an iron screw at tbe inner end of tbe core 

S drawn up by the solenoid. Such an arrange- to adjust the action of the magnetism on the 
ment bas the advantage that a great number core, substantially as set forth. , 40 

of lights may be put on without diminishing 4. The combination, with the brushes, tbe 
the light-power of the lamps in the circuit: as \ brush-holders and their axes, of a solenoid and 
the brushes assume at once the proper position. I core, and connections tomove tbe brusb-bold- ' 

10 Wben lights are cnt Ollt, the dash··pot acts to I ers, and a dash-pot provided with a valve, 
retard the moveme11tj but if the current is substantially as described, to diminish the 45 
considerably illcreased the solenoid gets ab- speed of movement of the core in one direc
normally strong and the brushes are shifted in' tion more than the other, subst?.ntially as set' 
stantly. ' forth. 

15 The regulator being propel'lyadjnsted,lights I 5. The combination, with the brushes, tbe 
or othf$l' devices may be put on or out with I brush-holders and their axes, of a solenoid and 50 
scarcely any perceptible difference.' cote, and connections to move the brush-hold-

It is obvions that instead of the dash-pot any ers, and a dash-pot to diminish the speed of 
other retarding device may be used. I movement of the core, substantially as set 

20 I claim as my invClltion- I forth. - , 
, ,1. '.rhecombination, with the main and au~- 6. TI;lC com~ination, with th~ brush-hold,ers 55 
llIary brushes, of two brush-holders, an aXIs and the solenOId and core, of llUks connectlUg 
fastened to one of the brush-holders, support- to the holders, and a screw to adjust the posi
ing-screws for the same, asupportfor the other tion of the core in relation to the solenoid, 

2S brush-holder surrounding tbe axis, a solenoid, ' substantially as set fort,h. 
a core for the same, and links connecting the: Signed by me this 12th llay of January, A. 60 
core to the respective brnsh-holders, sUbstan-1 D. 1886. 
tially as set forth. 

2. The combination, with the brushes, brnsh-I NIKOLA TESLA. 
30 holders, and the axis upon which the brush-

holders swing, of a solenoid and core: con-! vVitnesses: 
nections from the same to the brush-holders, I GEO. T. PINCKNEY,' 
and an adjusting· screw to limit the movements vVILLIAM G. MOTT. 
of the core, substantially as set forth. I 
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To all wli07n it 7JUCU concern: I nets currents are generated in the i ron body 50 
Be jt known that I, NIKOLA 'rESLA, of Smil- I of the armature which develop heat" an(lcon

jan Lika, border country of Austria-Hungary, sequcnt.ly_ canse a waste of power. Owing to 
have invelltec1 certain 1m pl'oYements in Dy- the mutual action of the lines of force, the mag-

5 namo-Electric Machines, of which the follow· netic properties of iron, and the speed of the 
ing is a spccifieat,ion. different portions of the armatnre-core, these 55 

'rhe main objects of my inventioll are to in- cnrrents are generated principally on and near 
crease the efficiency of the machinc amI to fa- the surface of the arlllatl1l'e-Core, diminishing 
cilitate and cheapen the constl'llCtioll of the in strength gradually toward t.he center of the 

10 same; and totbis end my invention relates to core. Their quantity is under same conditions 
the magnet.ic frame and the armatul'e, and to proportional to the length of the iron body in 60 
other features of constrl1ct.ion, hereinafter more the direction in which these currents are gen
fully explained. erated. Bysubdividing the iron core electric-

My invention is illustrated in the accompa- ally in this direction the generation of these 
15 llying drawings, in which Pignre 1 is a longi- currents can be reduced to a great extent. For 

tnclinal section, an(1 Fig. 2a cross-section, of the I instance, if the length of the armature-core is 65 
machine. Fig. 3 is a top "iew, and Fig. 4 a side twelve inches, and by a suitable construction 
view, of the magnetic frame. Pig. [) is an end the same is subdivided electrically,so that there 
view of the commutator-bars, and Fig. () is a areinthegeneratingdirectionsixinehesofiron 

20 section of the shaft and commutator - bars. and six inches of intervening air-spaces or in
Fig, 7 is a diagralll illustrating the coils of Ole sulating material, the cnrrcnts will be reduced 70 
nrmature and the connections to the commn- to fifty pel; cent.' 
tator-plates. As shown ill the drawings, the armature is 

'fhe cores c c c c of the fiell1'lImgnets may be I constructed of thin iron disks D D D, of yari-
25 tapering in both directions, as s11O\yn, for the lOllS diameters, fastened upon the armature

purposes of concentrating the magnetism n pOll shaft in a suitable manner and arranged ac- 7) 
the lIliddle of the l)ole-piecrs. cording to their sizes, so that a series of iron 

The connecting-frame F F of the ilchl-lllag- bodies, iii, is formed, each of which dirnin
nets is in the form indicated in the side view, ishes in thickness from the center toward the 

30 Fig. 4, the lower part being provided with the periphery. At both ends of the armature the 
spreading curved cast legs c e, so that the ma-I inwardly-curved disks d (l, prefel't1bly or-cast- 80 
chine will rest firmly upon two base-bars, r 1'. iron, are fastened to the armature-shaft. 

Tothe lower pole, S, of the field-magnet JH The arlllature -core being constrllcted as 
is fastened, preferably by means of Babbitt or shown, it will be easily seen that on those por-

,35 other fusible diamagnetic material, tbe base t-ions of the armature that are tbe most remote 
B, which is provided with bearing3 b for the from the axis, and where the currents are B5 
armature-shaft H. The base B has a projec- principally developed, the length of iron in 
tion, P, which supports the brush-holders and the generatillg directioll is only a slllall fmc
the regnlating devices, which may be of any tion of the total length of the armatl1l'e-core, 

40 ordinary character, or may be such as shown I and besides this the iron body is subdivided 
in an application of like date herewitlI. in the generating direction, and therefore the 90 

The armature is constructed with the view Foucault currents are greatly reduced. An-
to rednce to a minimum the loss of power due I other cause of heating is the shifting of the 
to the ~ra,nsversal or Foucault cnrrents and to poles of the armature-core. In consequence 

45 the change of polarity, and also to slIorten as of the snbdi vision of the iron in the armature 
mnch as possible the length of the iliaci i ve and the increased snrface for radiation the 95 
wire wound upon the armature-core. risk of heating is lessened. 

It is well known tha,t when the r.,rnmture is The iron disks D D D may be insulated or 
re\'olved between the poles of the field-mag- coated wit,h some insnlating-vaint, a very care-
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ful insulation being unnecessary, as an elec-I In constructing the armature·core and wind
trical contact between several disks can only ing and connecting the coils in the manner in
occur on places where the generated currents dicated, the passive or electrically-inactive 
are comparatively weak. i~.n armature-core I wire is reduced to a minimum, and the coils 

5 constructed in the manner described may be at each side of the plates that are in contact 
revolved between the poles of the field-mag- with the brushes arc practically equal, and in 
nets without showing the slightest increase of this way the electrical efficiency of the ma-
temperature. chine is increased. 

The end disks, cZ eL, which are of sufficient The commutator-plates t are shown as out-
ro thickness and, for the sake of cheapness, pref- side the bearing b of the armature·shaft. 'rhe 

erably of cast-iron, are curved inwardly, as shaft H is tubular and split at the end portion, 
indicated in the drawings. The extent of the and the wires are carried throngh the same in 
curve is dependent on the amount of wire to any usual manner and connected to the re
bewound upon the arl1latnres. In_my present spective cOllllllutator·plates. The commuta-

I5 invention the wire is wound upon the arma- tor-plates are upon a cylinder, n, and insu
ture in two superimposed parts, and the curve lated, and this cy linder is to be properly placed 
of the end disks, cZ el, is so calculated that the and secured by expanding the split eml of the 
first part-that is, practically half of the wh'e- shaft by a tapering screw-plug, "I'. 

just fills up the hollow space to the line x x; I do not claim herein the cores of t,he fichl-
20 or, if the wire is wound in any other manner, magnets converging toward the pole·pieces; 

the curve is snch that wben the whole of the nor do I claim the method of fhstelling the 
wire is wound t.he outside mass of wires, w,and base to the lower field· magnet, as this has been 
the inside mass of wires, 10', are equal at each claimed in my former allplicatioll on dynamo
side of the plane x x. In this case it will be electric machines. 

2- seen the passive or electrically-inactive wires, What I claim is-.) 

are of the smallest length practicable. 'rhe 1. In a dynamo· electric machine, the amm-
arrangement has further the advantage that I tl1l'e constrncted of iron disks of variolls lli
the total lengths of the crossing wires at the ameters arranged upon (he shaft in such a 
two sides of the plane x x arc practically manner that a series of iron bodies is formed, 

30 equal. each diminishing in thickness frolll the cen-
To further equalize the armature-coils at tel' to the periphery, snbstalltially as and for 

both sides of the plates that arc in contact the purposes set forth. 
with the brushes, the winding and connecting 2. In a llynamoelectl'ic machine, the al'lna
up is effected in the following manner: 'rhe hue· core having iron disk,; of various diame-

35 whole wire is wounc1upon the armatl1l'e-core tel's, in combination with in wal'llly - curved 
in two snperimposml parts, which are thor- end disks, for the purposes rtll(l snostalltially 
onghly insulated from each other. Each of as set forth. 
these two parts is composed of three separated 3. In a dynailloelectl'ic machine, fLll al'ma
gl'OUpS of coils_ 'l'hefir~tgronpofcoilsoftbe ture-core hnNing inwardly-curved ends, in 

10 first part of wire beillg ,vound and connected combination with the ar!1laLnre·coils, the cross
to the commutator· bars in the usual mallnel', ing wires of which coDs pass into thc concave 
this group is insulated and the second gronp heads and project eqnally, substantially as set 
wound; but the coils of this second gronp in- forth. 
stead of being connected to the next following 4·_ In a dynamo-electric machine, an anna-

~5 commutator-bars, are connected to the directly - ture having separate coils Stl peri III posed and 
opposite bars of the commutator. 'rhe second connccted to the commutator· plates in alter
group is then insnlated and the third gronp nating groul)s, substantially as set forth. 
wonnd, the coils of this group being connected 5_ An armature for dynamo -electric Illa
to those bars to which they would be con- chines, having a core composed of disks of va-

50 nected in the usual way. The wires arc then rious diameters, in combination with separatc 
thoroughly insulated and the sccond part of superimposed coils connected to the COIllIl1U
wire wound and connected in the same man- tator-plates in altel'llatc groups, substantially 
ner. Snppose, for instance, that there are as set forth. 
twenty-follrcoils-tltatis,twelveineachpart- I 6. In a dynamo electric machine, the mag-

55 and consequently twenty - fOllr commutatoI'- netic frame composeu of the cores c c c c, the 
plates. Tberewill beineachpartthreegronps, cllrvec1 pole-pieces N S, and the connecting
each containing four coils, al1ll the coils will framc "'Hh the curved and out""ardly - pro-
be connected as 1'ol1O\"vs: jeding legs c c, suostantially as described. 

Groups. (}ollunutaio)'·val's. Signed by me this 12th day of J[l,!1uary, A .. 
60 { First ............... 1- 5 D. 1886. 

First part of wire Se~~l1c1 ............ 17-21 NIKOf.J.'\. rmST.JA. 
Thud ...... __ ..... 9-13 

~ 
:First ..... _._ .... __ 13-17 

Secondpartofwire Second ....... _ .... 5- 9 
65 Thinl ...... _ ...... 21-1 

·Witnesses: 
GEO. T. I)Il'\CKNI~Y, 
·WALLACE I.J, SmmELL. 

I 
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To all WhOl1'11 it mall concern: " the system I prefer to connect the motor·cil'· 
Be it known that I, NIKOLA TESLA, from cuits directly with those of a suitable alter· 

Smiljun Lika, border country of Austria·Hun· nate· current generator. The practical results 
gary, residing at New York, N. Y., have' in· of such a system, its economical ad vantages, 

5 vented cert.ain new and nseful Improvements and the mode of its construction and opera· <:.5 
in Electro·Magnetic Motors, of which the fol· tion will be described more in detail by ref· " , 
lowing is a specification, reference being had erence to thc accompanying diagrams and, 
to the drawings accompanying and forming a drawings. , 
pat·t of the same. Figures 1 to Sand 1 a to S", inclusi ve, are dia· 

10 'fhe practical solution of the problem of the grams illustrating the pt'inciple of the action 60 
electrical cOllversion and transmission of me· of my invention. The remaining figures are 
chanical energy involves certain requirements views of the apparatus in various forms by 
which the apparatus and systems heretofore means of which the invention may be carried 
employed have not been capable of fnifilling. into effect, and which will be described in 

'5 Such a solution, primarily, demands a uni· I their order. . 6, 
fot'mity of speed in the motor irrespective of Referring first to Fig. 9, which is a diagram. " 
its load within its normal working limits. On matic representation of a motor, a generator, 
the other hand, it is 'necessary, to attain a and connecting·circuits in accordance with my 
greater economy of conversion than has here· , invention, M is the motor, and G the gener· 

zo tofore existed, to construct cheaper and more ator for driving it. The motor comprises a 70 
reliable and simple apparatus, and, lastly,the ring or annulus, H, preferably built up of 
apparatus must be capable of easy manage· thin insulated iron rfngs or annular plates, so 
ment, andsnch that, all danger from the use of as to be as susceptihle as possible to variations 
cnrrents of' high tension, which are neces· in its magnetic condition. This ring is sur· 

25 sary to an economical transmission, may be rounded by four coils of insulated wire sym· 75 
avoided., metrically placed, and designated by C C C' C'. 

My present, invention is directed to the pro· The diametrically·oppositecoils are connected 
dllction and improvement of apparatns capa· up so as to co-operate iu pairs in producing 
ble of more nearly meeting these requirements free poles on diametrically· opposite parts of 

30 than those heretofore available, and though I the ring. The four free ends thus left are con· 80 
have described various means for the purpose, uected to terminals T T T' T', as indicated. 
they involve the same main principles of con· Near the ring, and preferably inside of it, there 
struction and mode of operatiori, which may be is mounted ou an axis or shaft, a, a magnetic 
described as follows: A motor is employed in disk, D, generally circular in shape, but hav-

35 which there are two or more independent cil'· ing two segments cut away, as shown. This 8~ 
cuits throngh which alternate currents are disk is monnted so as to turn freely within the . 
passed at proper intervals, in the manner here· ring R. The generator G is of any ordinary 
inafter described, for the purpose of effecting type, that shown in the present instance hav-
a progressive shifting of the, magnetism or of ing field· magnets N S and a cylindrical arma· 

40 the" lines of force" in accordance with the tul'e,core, A, wound with the two coils B B'. 90 
well·known theory, and a consequent action The free ends of each coil are carried through 
of the motor. It is obvious that a proper the shaft a' and connected, respectively, to in· 
progressive shifting of the lines of force may sulated contact-rings b b b' b'. Any conven· 
be utilized to set up a movement or rotation ient form of collector or brush bears on each 

4~ of either element of the motor, the armatnre, ring and fOrIns a terminal hy which the cur· 95 
. or the field-magnet, and that if the' currents rent to and from a ring is conveyed. '..rfhese 

directed through the several circuits of t,he terminals are connected to the termimils of 
motor are in the proper direction uo commu· the motor by the wires Land L' in the'man
tator for the motor will be required; bnt to ner indicated, whereby two complete circuits 

50 avoidall the usual comlllutating appliances in are formed~one including, say, the coils B of leO 
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the generator C' 0' of the motol', and the other through one half of the ring. In Fig. 6 the ar· 
the remaining coils B' and 0 0 ofthe generator mature has completed five·eighths of a revolu· 
and the motor. tion. In this position coil B' develops a less 70 

It remains now to explain the mode of op· powerful current, but in the same direct.ion as 
5 eration of this system, and for this purpose I before. The coil B, on the other hand, having 

refer to the diagrams, Figs. 1 to 8, and 1" to 8", entered a field of opposite polarity, generates 
for an illustration of the various phases through a current of opposite direction. The resultant 
which the coils of the generator pass when in poles will therefore be in the line N S, Fig. 6", -75 
operation, and the corresponding and result· or, in other words, the [Joles of the ring will _ 

I:) ant magnetic changes produced in t.he motor. be shifted along five-eighths of its periphery. 
The revolution of the armature 'of the geneI" Figs. 7 and 7& in the same manner ill ustrate 
ator between the field-magnets N S obviously the phases of the generator and ring at thl'ee' 
produces in the coils B B' altern:<ting currents, quarters of a revolution, and Figs. 8 and 8· 80 
the intensity and direction of which depend the same at seveu-eighths of a rcvolution of 

IS upon well·known laws. In the position of the the generator-armatur!.'. Thesc fignrcs will 
coils inditmted in Fig. 1 thc current in the be readily understood from the fOl'egoing. 
coil B is practically nil, whcreas the coil B' at When a com plete revolution is accomplished, 
the same time is developing its maximulll cur· the conditions cxisting at the starb are re-es· 8) 
rent, and by thc means indicat.ed in .. the dc· tablished and the same action is repeatcd for 

2C scription of Fig. 9 .the circuit including this Lhe next and all subsequent re\"olntions, and, 
coil R' may also include, say, the coils C 0 of in general, it will now be seen that every revo· 
the motor, Fig. 1 a. The result, with the propcr I u tion of the armatll re of t he generator pro· 
connections, would be t,hemagnetization of duces a corresponding shifting of the poles or 9" 
the ring R', the poles being on the line N S. lines of force aroll.nd the ring. This effect I 

25 The same order of connections being observed utilize in producing the rotation of a body or 
between the coil B and the coils 0', thc latter, armature in a variet,y of ways-for example, 
when traversed by a current, tend to fix the applying the principle abo\"c dcscribed to the 
polcs at right angles to the line N S of Fig. 1". apparatus shown in Fig. 9. 'The disk D, ow· 9~ 
it results, therefore, that when the generator· ing to its tendency to assume t,hat position in -

30 coils have made one eighth of a revolution, which it embraces tile greatest possible num· 
reachin~ the position silown in Fig. 2, both bel' of the magnetic lines, is set in rotation, 
pairs of coils o and 0' wiII be traversed by following the motion of the lines or the points 
currents and act in OPPOSition, in so far as the of greatesb attraction. leo 
location of the poles is concerned. The posi· The disk D in Fig. 9 is shown as cut away 

35 tion of the poles will therefore be the result· on oppositesidesj but this, I have found, is not 
ant of the magnetizing forces of the coils-that essential to effecting its rotation, as a circular 
is to say, it will advance along the ring to a disk, as indicated by dotted lines, is also set 
position corre13ponding to one·!.'ighth of the in rotation. 'fhis phenomenon I attribute to 1.0,) 

revolution of the. armature of th~ generator. a certain incl"lia or resistancc inherent in the 
to In Fig. 3 the armature of the generator has metal to thc rapid shift.ing of the lincs of force 

progressed to one-quarter of a revolution; At t.hrollgh the sam!.', which results in a continuo 
the point indicated the current in the coil B OilS tangential pull upon the diSK, cansing its 
is maximum, while in B' it is nil, the latter rotation. This scems to bc confirmcd by the 110 

coil being in its neutral position. The poles I fact that a circlilar disk of steel is more effect 
~5 of the ring R in Fig. 3" wiII, in consequence, I ively rotated t.han one of s.oft iron, for tlIerea· 

be shifted to a position ninet.y degrees from son that thc former is assulllell to possess a 
that at the start, as shown. I.1mve in like greater resistance to the shifting of thc mag· 
manner shown the conditions existing at each netiC-llines. 1[5 

successive eight.h of one revolution in the reo In illustration of other forllls of Illy illven· 
5) maining figures. A short reference to these tion, I shall now dcseri be the rClllai llingfignr!.'s 

figures will suffice for an understanding of their of the drawings. 
significance. Figs. 4 and 4" illustrate the con· Fig. 10 is a view ill elcvation and part vel" 
ditions which exist when the generator-arma· tical section of II motor. Fig. 12 is a top view I2( 

ture has completed three eighths of a re,,'olu- of the same with the ficld in section and a dia· 
55 tion. Here both coils are generating cnrrent; gram of connections, Fig. 11 is an end or 

but the coil B', having now entered the oppo· side view of a generator with the fields in sec· 
site field, is generating a current in tbt oppo- tion. This form of motor may be used in place 
site direction, having the opposite magnet.iz· of that shown above.D is a cylindrical or I ~5 
ing effect; hcnce the resultant pole will be on drum-armature core, which, for oQvious rea-

60 the line N S, as 8ho~'n. In Fig. 5 one·half of sons, should bespJiL up as far a~ practicable to 
one revolution of the aI'mature of the gener- prevent the circulation within it of currents 
ator llas been completed, and the i'esulting of induction. The core is wound longitudi. 
magnetic condition of thc ring is shown in Fig. nally with two coils, E and E', the elHls of which 130 
5". In this phase coil B is in the ncutral posi- are respectively connected to insulated COil· 

65 tion while coil .R' is generating its maximum tact· rings d d d'd', carried by the shaft a, upon 
current, wbich' is in the same direction as in which the armature is mounted. The arllla· 
Fig. 4. The poles will consequently be shifted ture is set to revolve within an iron shell, R', 
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which constitutes the field-magnet, or other I of the resultant attractive force exerted by 
element of the motor. This shell is preferably the poles G' npon the armature D, aud conse· 
formed with a slot or opening, r, bnt it may quent.1y keep the armature rapidly rotating. 70 
be continuolls, as shown by the dotted lines, The peculiar advantage of this disposition is 

5 and in this event it is preferably made of steel. in obtaining a more concentrated and power· 
It is also desirable that this shell should be ful field. 'rhe application of this principle to 
divided up similarly to the armature and for systems involving multiple circuits generally 
similar reasons. As a gcnerator for driving will be understood from this apparatns. 75 
this motor I may use the device shown in Fig. Referring, now, to Figs. 15 and 16, Fig. 15 • 

10 11. This represents an annular or ring arma- is a diagrammatic representation of a modifi
ture, A, surrounded by four coils, l!' F F' F', of fied disposition of my invention. Fig. 16 is a 
which those diametrically opposite are con- horizontal cross·section of the motor. In this 
nected in series, so that four free ends are left, case a disk, D, of magnetic metal, preferably 80 
which are connected to the insulated contact- cut away at opposite edges, as shown in dot-

15 rings b b b' b'. The ring is suilaqly mounted I ted lines in Fig. 15, i~ mounted so as to turn 
on a shaft, a', between the poles N S. The freely inside two stationary coils, N' Nil, placed 
contact-rings of cach pair of generator· coils at right angles to one another. The coils are 
are connected to these of the Illotor, respect- preferabJy wound oua frame, 0, of insulating 85 
ively, by means of contact·brushes and the material, and their ends are connected to the 

zo two pairs of conductors L Land L' L', as in- fixed terminals T T T'T'. The generator Gis 
dicated diagrammatically in Fig. 12. Now it a representative of that class of alternating-
is obvious fmm a consideration of the preced- current machines in which a stationary induced 
ing figures that the rotation of the generator- element is employed. That shown consistfl of 90 
ring producescurl'ents in the coils F F', which, a revolving permanent or electro magnet, A, 

i25 being transmitted to the motor-coils, impart to and four independent stationary magnets, P 
the core of the latter magnetic poles constantly P', wound with coils, those diametrically op· 
shifting or whirling aronnd the core. This posite to each other being connected in series 
effect sets up a rotation of the armature ow- and having their ends secured to the termi- 95 

. ing to the attractive force between the shell I nals t t t't'. From these terminals the cur-
130 and the poles of the armature, but inasmuch rents are led to the terminals of the motor, as 

as the coils in this case move relative to the shown in the drawings. The mode of opera· 
shell or field - magnet the movement of the tion is substantially the same as in the previ· 
coils is in the opposite uirection to the pro- ous cases, the currents traversing the coils of ICO 

gressive shifting of the poles. the motor having· the effect to turn the disk 
35 Other arrangements of the coils of both gen· D. This mode of carrying out the invention 

erator and Illotor are possible, and a greater has the advantage of dispensing with the slid-
numberof circuits may be used, as will be seeu ing contacts in the system. . 
in the two succeeding figures. In the forms of motor above de~cribed only les 

Fig. 13 is a diagrammatic illustration of a one of the elementEl, the armature or the field· 
4<:' motor and a generator constructed and con- magnet, is provided with· energizing-coils. It 

·nected in accordance with my invention. Fig. remains, then. to show how both elei'nents may 
14 is an enel view of the generator with its be. wound with coils. Reference is therefore 
field-magnets in section. The field of the mo- had to Figs. 17, 18, and 19. Fig. 17 is an .enel 110 

tor M is produced by six magnetic poles, G' G', view of such a motor:. Fig. 18 is a similar 
45 secnred to or projecting from a ring·or frame, view of the generator with the field· magnets 

H.. These magnets or poles are wound with in section, and Fig. 19 is a diagram of the eir
insulated coils, those diametrically opposite cuit·connections. III Fig. 17 the field-magnet 
to each other bci ng con nected i 11 pairs so as to of the motor consists of a ring, R, preferably of 1 15 
produce opposite poles in each pair. This thin insll:ated iron sheets or bands with eight 

50 leaves six free cnds, which are connected to 1 pole pieces, G', and corresponding recesses, in 
the terminals T '1' 1" 'I' Til 'I". The armature, which foUl' pairs of coils, V, are wound. The 
which is mounted to rotate between the poles, I diametrically opposite pairs of coils are con-
is a cylinder or disk, D, of wrought·imn, nected jn sel'ies and the free ends connected to [2G 

mounted on the shaft a. Two segments of fonr terlJlinals, 10, the rule to be followed in 
'is the same are eut away, as shown. The gen- connecting beillg the same as hereinbefore ex
" erator for this motor has in this instance plained. An armature, D, with two coils, EE', 

an armature, A, wound with three coils, K at rightang.les to each other, is mounted to ro-
1(' K", at si xly degrecs apart. The ends of I t.ate in side of the field-mngnet R. The ends of 125 

these. coils are connected, I'espectively~ to in-j the armature·coils are connected to two pairs 
6_ sulated contact- rings e e e' e' e" e". These of contact·rings, d d d' d', Fig. 19. 'rhe gener

rings are connected to those of the motor in II ator for this motor may be of.any suitable kind 
proper order by means of collecting-brushes to produce currents of the desired character. 
an~ six wires, f?n~ling .three indepenflent ci~'- I In the present inst.ance it consists of ~ field- 130 
CUltS. 'fhe varmhons m the strcngth and dl·. magnet" N S, and an armature, A, WIth two 

6.,\ .rection of the cnrrents transmittcd through coils at right angles, the ends of which are con· 
these circuits and traversing the coils of the nectcd to fonr contact-rings, b b b' b'; carded 
Illotor produce a steadily·progressh'e shifting by its shaft. The circuit·connections are cs-
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tablished between the rings on the generator- tor will be practically constant. It is clearly, 
shaft and those on the motor·sbaft by collect- apparent that the speed can never exceed the 
ing brushes and wires,as previously explained. arbitrary limit as determined by the gener- 70 
In order to properly energize the field·magnet ator, and also that within certain limits at 

5 of the motor, however, the connections are so least the speed of the motor will be in depend
made with the armature coils or wires leading ent of the strength of the current. 
thereto that while the points of greatest at· It will now be more readily seen from the 
traction or greatest density of magnetic lines above description how far the requirements of 7S 
of fOl'ce upon the armature are shifted in one a pract.ical system of electrical transmission 

. [0 dit'cction those upou the field·magnet are made of power are realized in my invention. I sc
to progress in an opposite direction. In ot:her cure, fil'st, a uniform speed under aU loads 
rcspecls the operation is identically the same within the normal-working limits of the mo· 
as in t.he other cases cited. This arrangement tor without the use of any auxiliary regulator; 80 
results in an inrreased speed of rotation. In second, synchronism between the motor and 

15 Figs, 17 and 19, for example, the terminals of generator; third, greater efficiency by the 
each set of field· coils are conuected with the more direct application of the current, no 
wires to the two armat.ure·coils in such way commutating deviees being required on either 
that the field·coils will maintain opposite poles the motor or generator; fourth, cheapness aud 8,; 
in advance of the poles oCthe armature. simplicity of mechanical eonstruction and 

2 ~ In' the drawings the field, coils are in shunts economy in maintenanee; fifth, the capability 
to t,he armatnre, bnt they nlay be in series or of being very easily managed or controlled; 
in independent circuits. and, sixth, diminution of danger from injury to 

It is obvious that the same principle may be persons and apparatus. l)O 
applied to the various typieal forms of motor These motors may be run in series, multiple 

2~ hereinbefore described. are or multiple series, under conditions well 
Having now described the natnre of my in· understood by those skilled in the art. 

"ention aud some of the various ways in which The means or devices for carrying out the 
it is or may be carried into effeet, I would call prineiple may be varied to a far greater ex· 95 
attention to certain charaeterist.ies which the tent than I have been able to indicate; but I 

30 applications of the invention possess- and the regard as within my invention, and I desire to 
advantages which the invention secures. seeure by Letters Pa.tent in general, motors 

In my motor, eonsidering for convenience containing two or inore indepindent circuits 
that represented in Fig. 9, it will be observed through which the operat,ing-currents are led ICC 

lhat since the disk D has a tendenry to follow in the manner described. By" independent" 
35 eontinuously the points of greatest attraction, I do not mean to imply that the circuits are 

Hnd sinee these points are shifted around the necessarily isolated from one another, for in 
ring once for each revolution of the armature some instances there might be electrical con-
of the generator, it follows that the movement nections- between them to regulate or modify 105 
of the disk D will be synehronous with that of the aetion of the motor without necessarily 

10 the armature A. This feature by practieal producing a new or different aetion. 
demonstrations I ]mve found to exist in all I am aware that the rotation of the arma· 
other forms in which one revolution of the ture of a motor wound with two energizing
armature of the generator produces a shifting eoils 3:t right angles to each other has been I fO 

of the poles of the motor throngh three hun- effected by an intermittent shifting of the en-
45 dred and_sixty degrees. ergizing effect of both coils through which a 

In the particular eonstruction shown in Fig. direet current by means of mechanieal de-
15,01' in others constructed on a similar plan, vices has been transmitted in alternately·op·' 
the number of alternating impulses resulting posite directions; but this metbod or plan Ire· 1 [5' 
from one- revolution of the generator arma- gard as absolutely impracticable for the pur· 

.'i0 ture is double as compared with the preced- poses for which my invention is designed-at 
ing cases, and the polal'ities in the motor are least on any extended scale-for the reasons, 
shifted around twice by one revolution of the mainly, that a great waste of energy is neces
generator· armature. The speed of the motor sarily invol ved unless the number of energiz· [2() 

will, therefore, be twice that of the generator. ing·circuits is very great, and that the inter-
55 The same result is evidently obtained by snch ruptionand reversal of a current of any con· 

a disposition as that shown in Fig. 17, where siderable strength by means of any known 
th. e poles of both elements are shifted in op· I mechanical deviees is a matter of the greatest 
posite directions. . diffipulty and expense. 125 

Again, considering the apparatus illustrated In this applieation I do not elaim the method 
60 by Fig. 9 as typil._ - of the invention, it is ob- of operating motors which is herein involved, 

vious that sinee the attraetive effect upon the _having made separate application for such 
disk D is greatest when the disk is in its method. 
proper relative position to the poles devel- I therefore claim the following: 130 

oped in the ring R--:~that is to say, when its 1. The combination, with a motor contain-
65 ends or poles immediately follow those of the iug separate or independent circuits on the 

ring-the 8pee~ of the motor for all the loads armature or field-magnet, or both, of an alter
within the normal workinglimits of the mo- nating-cnrrent- generator containing induced 
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cil'cuits connected independently to corre-\ the rotation of the generator causes a pro
sponding circuits in the inotor, whereby a ro- gressive sbifting of the poles of the motor in 
tation of the generator produces a progressive I the mauner set forth. 
shifting of the poles of the motor, as herein I 4. In a system for the electrical traw;mis-

5 described. , sion of power, the combination of the follow- 30 
2. In a system for the electrical translllis- ing 'instrumentalities, to wit: :t 1Il0tor COllI

sion of power, the combination of a molor pro- I posed of a disk or it.s equivalent mounted 
\'ic1ed with two or more independent magnet- , within a ring or annular fiel<l-magnet, which 
izing-coils and an alternating-current'gener- ,. is provided with magnetizing-eoils cOllnected 

10 ator containing i::duced coils eone!'lpomling to in diametrically-oppositc pairs or groups to 3S 
the motor-coils, and circuits connecting eli- i independent terminals, agcncrator having in
rectly the motol' an<l generator eoils ill such !I duced coils or groups of coils equal ill number 
order that the currents dcveloped by the gen- . to the pairs or groups of motor-coils, and cir
('rator will be passed through the correspond- i cuits conneeting the terminals of said 'coils to 

'5 ing motor-coils, amI thereby produce a pro- i the terminals of the motOl', respectively, and 40 
gressive shifting of the poles of the motor, as , in such order that the rotation of the gener
hcrein set forth. - i ator and the consequent production of alter-

3. The combination, with a motor having I nating currents in the respective circuits pro-
an annnlar or ring-shapcd field· magnet and a (luces a progressive shifting of the poles of the 

2\. cylindrical or eqnivalent armatnre, and inde- ! motor, as hereiubefore described. 
pendent coils on the fiel(~ -magnet or arma! nre, ! NIKOLA TESLA 
or both, of an alternatmg,clll'l'ent generator I • 

having correspondingly independent coils,' \Vitnesses: 
amI circuits including the generator· coils and I FRANK E, HARTLEY, 

2j corresponding motor·coilsin such mannel'that J FRANK B. MURPHY. 
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ELECTROeMAGNETIC MOTOR. 

SPEC!P!C.A,TION forming part of Letters Patent No. 381,969, dated May 1, 1888. 

Application filed No,eruber 30,1887. Seria1 No. 256,5G2. (No modeL! 

To all WhOl1u it may concern: 
Be it known that I, NrKoLA TESLA, from 

Smiljan Lika, border cOllntrs of Austl'ia-Hlln
gary,now residing in NewYork,in the county 

5 and State of New York,have invented certain 
new and useful Improvements in Electro-Mag
netic Motors,of which the following is a speci
fication, reference being had to the drawings 
accompanying and forming a part of the same. 

ro In an application filed by me October 12, 
1887, No.252,132, I have shown and described. 
a no\-el form of electro-magnetic motor and a 
mode of operating the same, which maybe 
generally described as follows: The motor is 

r 5 wound with coils forming independent ener
gizing-circuits on eithel' the armature or field 
magnet, or both, (itJssufficient for present pur
poses to consider the case in which the coils 
are on the armature alone,) and these ('oils are 

20 connected up with corresponding circuits on 
an alternating-current generator. As the re
sult of this, currents of alternately -opposite 
direction are sent through the energizing-coils 
of the motor in such manner as to produce a 

25 progressive shifting or rotation of the mag
netic poles of the armature. This movement 
of the poles of the armature obviously tends 
to rotate the armature in the opposite direc
tion to that in which themovement of the poles 

30 takes place, owing to the attractive force be
tween said poles and the field-magnets,and the 
speed of rotation increases from the start un
til it equals that of the generator, supposing 
both motor and generator to be alike. 

35 As the poles of the armature are shifted in 
a direction opposite to that in which the arma
ture rotates,it will be apparent that when the 
normal speed is attained the poles of the 
armature will assume a fixed position relative 

4.0 to the field-magnet, and that in consequence 
the field-magnets will bc energized by mag
netic induction, exhibiting two distinct poles, 
one in each of the pole-pieces.' In starting 
the motor, however, the speed of the anna-

+5 ture being comparatively slow, the pole-pieces 
are subjected to rapid reversals of magnetic 
polarity; but as the speed increases these re
versals become less and less frequent, and 
finally cease when the movement of the arma-

50 ture become synchronous with that of the gen-

eratoI'. This being the case, the field· cores and 
the pole-pieces of the motor become a mag
net, but by induction only. 

I have found that ad vantageous results are 
secllI'ed by winding the field-magnets with a 55 
coil or coils and passing a continuous current 
through tllem, thlis maintaining a permanent. 
field, and in this fe~lture my present invention 
consists. 

I shall now describe the apparatus which I 60 
have devised for carrying out this invention 
and explain the mode of using or operating 
the same. 

Figure 1 is an end view'in elevation of my 
improved motor. Fig. 2 is a part horizontal 65 
central section, and Fig.·3 is a diagrammatic 
representation of the motor and generator 
combined and connected for operation. 

Let A A in Fig. 1 represent the legs or pole
pieces of a field-magnet, around which are 70 
coils B B, included in the circuit of a contin
uous-current generator, 0, which is adapted 
to impart magnetism to the said poles-in the 
ordinary manner. 

D D' are two independent coils wound upon 75 
a suitable cylindrical or equivalent armature
core, which, like all others tlsed in a similar 
manner, Ehould be split or divided up into al
ternate magnetic and inSUlating parts in the 
usual way. This armature is mounted in non· 80 
magnetic cross-bars E E, secured to the poles 
of the field -magnet. The termil1als of the ar· 
mature-coils D D' are connected to insulated 
sliding contact-rings a (t b b,carried by the al'· 
mature shaft., and brushes 0 0' bear upon these 8:; 
rings to convey to the coils the currents which 
operate the motor. 

The generator for operating this motor is or 
may be of precisely identical construction; 
and for con venience of reference I have marked 90 
in Fig. 3 its parts, as follows: F F, the field· 
magnets, energized by a continuous current 
passing in its field-coils G G; H H', the coils 
carried by the cylindrical armature; d dee, 
the friction or collecting rings; carried by the 9S 
armature-shaft and formin2: the terminals of 
the armature-coilsj and f~ 1', the collecting
brushes which deliver the currents developed 
in the armature-coils to the two circuits g g', 
which connect the generators with the motor. lOa 
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The operation of this system win be under
stood from the foregoing. rfhe action of the 
generator, by causing a progressi ve shifting of 
the poles in the motor-armature,sets up in the 

5 latter a rotation opposite in direction to that 
in which the poles move. If, now, the continu
OtIS current be directed through the field coils, 
so as to strongly energize the magnet A A, the 
speed of the motor, which depends upon that 

In of the generator, will not be increased, but the 
power which produces its rotation will be in
creased in proportion to the energy supplied 
t hl'ol1gh the coils B B. 

It is characteristic of this motor that its di-
15 rection of rotation is not reversed by revers

ing the direction of the cnrrent through its 
field-coils, for the direction of rotation cle
pends not upon the polarity of the field, but 
upon the direction in which the poles of the 

L armature are shifted. To reverse the motor, 
the connections of either of th'8 circuits g g' 
III ust be reversed. 

I have found that if the fiel<l-magnet of the 
motor be strongly energized by its coils B B 

25 and the circuits through the armature-coils 
elosed, assuming the generator to be running 
at a certain speed, tile nfotor will not start; 
hut if the field be but slightly energized or in 
general in such condition that the magnetic 

30 influence of the armatnre preponderates in 
determining its magnetic condition the motor 
will start and, with sufficient current, will 
reach its maximum or normal speed. For this 
reason it is desirable to keep at the start and 

35 uutil the motor has attained its normal speed, 
or nearly so, the field-circuit open or to per
mit but little current to pass through it. I 
have fonnd, however, if the fields of both the 
generator and motor be strongly energized 

40 that starting tbe generator starts the motor, 
and that the speed of the motor is increased 

in synchroni~m with the generator. Motors 
constrncted and operated on this principle 
maintain almost absolutely the same speed for 
all loads within their normal working-limits; 45 
and in practice I have observed that if the 
motor be overloaded to such an extent as to 
check its speed the speed of the generator, if 
its motive power be not too great, is dimin
ished synchronously with that of the motor. 50 

I have in other applications shown how the 
constrnction of these or similar motors may 
be varied in certain well-known ways-as, for 
instance, by rotating tbe fieW about a station
ary armature or rotating conductors within 55 
the fieW; but I do not illustrate these features 
further herein, as with the illustration which 
I have given I regard thc rest as within the 
power of a person skillel1 in the art to con
struct. 

The present form of motor is cheap, simple, 
reliable, and easy to maintain. It requires 
the simplest type of generator for its opera
tion, and when properly constrnctell sholVs a 
high efficiency. ' 

I do not claim herei n the metiloll of trans
mitting power \rhieh this system involves, 
having made it the suhject of allother appli
cation for patent. 

Go 

GJ 

What I claim is- 'io 
The combination, -with a motor having ill

dependent energizing or armature circuits, of 
an alternating-current generator with corre
sponding induced circuits connccted with tbe 
motor for effecting a progressive shifting of 75 
the poles of the motor-armature, and a source 
of continuous current for energizing the fieW 
of said motor, as set forth. -

KIKOLA 'l'ESLA_. 
-Witnesses: 

FRANK B. nIURPllY, 
FRANK E. HARTLEY, 
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NIKOLATESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONE·HALF TO OHA.RLES 
F. PEOK, OF ENGLEWOOD, NEW JERSEY. 

SYSTEM OF ELECTRICAL DISTRIBUTION. 

SPECIFICATION formIng part of Letters Patent No. 391,970, dated May 1,1888. 

Application filed December 23. 1887. Serial No. 258,787. (No model.l 

To all WhOl1u it 1Jiay concern: I various forms of electro·dynamic induction· 50. 
Be it known that I, NIKOLA TEsLA, from machines, including the combined motors and 

Smiljan Lika, border country of Austria-Run· generators, have been devised. For instance, 
gary,now residing at New York,in the county a motor is constructed in accordance with well· 

S and State of New York, have invented certain understood principles, and ou the same arma
new and useful Improvements in Systems of ture are wound induced coils whieh constitute ,3 
Electrical Distribution, of which the following a generator. The motor· coils are generally of 
is a specification, reference being had to the fine wire and the generator-coils of coarser 
drawings accompanying and forming a part of wire, so as to produce a current of greater 

£0 the same. quantity and lower potential than the line·cnr· 
This invention relates to those systems of rent, which is of relatively high potential, to 6c 

electrical distribntion in which a cnrrent from avoid loss in long transmission. A similar ar-
a single source of supply in a main or trans- rangement is to wind coils corresponding to 
mitting circuit is caused to induce by means those described in a ring or similar core, and 

IS of suitable induction apparatus a current or by means of a commutator of suitable kind to 
currents in an independent working circuit or direct the current through the inducing· coils 65 
circuits. successively, so as to maintain a movement of 

The main objects of the invention are the the poles of the core and of the lines of force 
same as have becn heretofore obtained by the which set up the currents in the induced coils. 

20 use of these systems-viz., to divide the cur· vVithout enumerating the objections to these 
rent from a single source, whereby a numbei' systems in detail, it will suffice to say that the 70 
of lamps, motors, or other translating devices theory or the principle of the action or opera· 
may be independently controlled and operated tion of these devices has apparently been so 
by the same source of current, and in some little understood that their proper construc· 

25 cases tOTednce a current of high potential in tion and use have up to the present time been 
the main circuit to one of greater quantity and attended with various difficulties and great 75 
lower potential in the independent consump· expense. The transformers are very liable to 
tion or working circuit or circuits. be injured and burned out, and the means reo 

'rhe general character of the devices em- sorted to for curing this and other defects 
30 ployed in these systems is now well nnder- have almost invariably been at the expense of 

stood. An alternating-current magneto-ma- efficiency. 80 
chineis used as the source of supply. The cur- The form of converter or transformer which 
rent developed thereby is conducted through I have devised appears to be largely free from 
a transmission-circuit to one .or more distant the defects and objections to which I have al-

35 points at which the transformers are located. luded. While I do not herein advance any 
These consist of induction-machines of various theory as to its mode of operation, I would 85 
kinds. In some cases ordinary forms ofinduc· state that, in so far as the principal of eon
tion·coil have been used with one coil in the struction is concerned, it is analogous to those 
transmitting-circuit and the ut,her in a local transformers which I have above described as 

.J.o or consumption circuit, the coils being differ- electro -dynamic inductioll- machines, except 
ently proportioned according to the work to that it involves no moving parts whatever,and 9c 
be done in the consumpUon·circuit~that is is hence not liable to wear or othel' derange' 
to say, if the work requires a cnrrent of higher ment, and requires no more attention than the 
potential than that in the transmission circuit other and more common induction-machines. 

45 the secondary or induced coil is of greater In carrying out my invention I provide a 
length and resistance than the primary, while, series of inducing-coils and cOl'responding in- 95 
on the other hand, if a quant.ity curl'ent of duced coils, which, by preference, I wind upon 
lower potential is wanted the longer coil is a core closed upon itself~such as an annulus or 
made the primary. In lieu of these devices ring subdivided in the u.sual 1113,tmer. The 
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two sets of coils are wound side by side or SU-l pointed out, by inclosing these coils wilh iron
perposed or otherwise placell in well-known as, for example, by winding over the coils a 
ways to bring them iuto the most effective re- 'tlayer or layers of insulatcd iron wirc. 

- lations to one another and to the core. The The devi'ce is provided with suitable bind- 70 

5 inducing or primary coils wound on the core I ing-posts, to which the ends of the coils arc 
are divided into pairs or sets by the proper lIed. The diametrically-opposite coils B Band 
electrical connections, so that while the coils of B' B' are connected, respectively, in series, and 
one pair or set to co-operate in fixing the mag- the four terminals are connectcd to the bi11l1-
netic poles of the core at two gi ven diametric- ing-posts 1 2 3 4. 'rhe induced coils are con, 75 

10 ally-opposite points, the coils of the other pair nected together in any c1esireu maunet'. For 
or set-assuming, for sake of illustration, that exam pIc, as shown in Fig. 8, C C ntay be con 
there are but two-tend to fix the poles ninety nected in multiple arc when a quantity cur
dcgtees from such points. -With tbis induc- rent is desired-as for running a group of in
tion dedce I nse an alternating-current gen- candescent lamps, D-,rltile C' ()' lllay be in- 80 1, erator witil coils or sets of coils to correspond dependently connectcd in series in a circuit 
with those of the convcrter, and by means of including arc lamps or the like. rrhe gener
suitable conductors I connectnp in independ- ator in this system will be adapted to the con
ent circuits the corresponc1ing coils of the gen- verter ill the ma,nner illustrated. For exam
erator and converter. It results from this pIe, in the present case I employ a 1mit' of 01'- 85 
that the different electrical phases in the gen- dinary permanent or clectro magnets, E E, 
erato I' arc attended by corresponding mag- between which is mounted a cylinclrical arma
netic changes in the converter; or, in other ture on a shaft, F, and wound with two coils, 
words, that as the generator-coils revolve the G G'. Tile terminals of these coils arc con
points of greatest magnetic intensity in the nected, respeetively, to fonr insulated contact \)0 

25 converter will be progressively sbifted or or collecting rings, II H H' II', and tbe fom 
whirled around. rrhis principle I bave ap- line circuit-wires L connect the brushes K, 
plied under variously-modified conditions to bearing on these rings, to the converter in the 
the operation of eleetro,magnetic motors, and order shown. Noting the results of this COlll-

in previous applications, notably in those hav- bination, it wi1lbe observed that at a given 95 
30 ing Serial Nos. 252,132 and 256,561, I have de- point of time tbe coil G is in its neutral posi

scribed in detail the manner of constrncting tion and is generating little or no current, while 
and using such motors. In the present appli- tbe other coil, G', is in a position where it ex
cation my ohject is to describe the best and el'ts its maximum effect Assnming coil G to 
most convenient, manner of whicb I am at pres- be eonnect~d in circuit wiLl! coils B B of the [00 

35 ent, aware of carrying-ont the invention as ap- con"1erter, and coil G' with coils B' B', it is 
plied to a system of electrical distribution; evident that the poles of the l'i Ilg A will be 
but one skilled in the art will readily under- determined by coils B' TI' alone; but as the 
stand from the description by the modifiea- armature of the generator revolves, coil G de
tions proposed in said applications, wherein <1elops more cnrrent and coil G' less, until G !os 

-\0 the form of both the generator and converter reaches its maximulll and G' its neutral posi-
in the present case may be modified. tion. rrhe obvious result will be to shift the 

In illustration therefore of the details of poles of the ring A through one-quarter of 
construction which my present invention in- its periphery. The movement of the coils 
volvcs, I now refer to the accoI11)anying draw- through the next quarter of a turn, during I IO 

l5 ings. wbieh coil G' enters a field of opposite po-
Pigure 1 is a diagrammatic illustration of lnrity and _generates a current of opposite 

the converter and the electrical connections of direction and increasing strength, while coil 
the same. Fig. 2 is a horizontal central cross- G, in pa'lsing from its maximum to its neu
section of Fig. 1. Fig. 3 is a diagram oftbe cir- tral position generates a current of deere as- I 15 

5C cuits of the entire system, the generator being ing strength and same direction as before, 
showll in section. ' I causes a further shifting of the poles through 

I use a corc, A, which is closed npon its0lf- 'I the second quarter of the ring. The sec
that is to say, of an annular cylindrical or ond half-revolution will obviously be a repe
equivalent form--and as the efficiency of the tition of the same action. By the shifting of 120 

55 apparatus is largely increased by the subdi- the poles of tbe ring A a powerful dynamic 
vision of this core I make it of thin strips, inductive effect on the coils 0 0' is produced. 
plates, or ,vires of soft iron electrically insa- Besides tbe currents generated in the second
lnted as far as practicahle. Upon this core, ' ary coils by dynamo-magnetic induction other 
by any ,,-ell·known method1 I winel, say, four I currents will be set up in the same coils in con- 125 

Go coils, B B B' B', which I use as primary coils, sequence of any variations in the intensity of 
and for which I usc long lengtbs of compara- the poles in the ring A. 'l'his should be avoided 
tively fine ,vireo Over these coils I then wind by maintaining the intensity of tbe poles con
shorter coils of coarser wire, C C C' C', to con· stant" to accomplish which care shoulc1 be 
stitute the induced or secondary coils. '}'he taken in designing and proportioning the gen- 130 

65 construction of tbis' or any equivalent form of I erato l' and in distributing the coils in the ring 
converter may be carried further, as above A and balancing their effect. -When this is 
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done, the eurrents are produced by dynamo- 2. The combination, with an annular or simi
magnetic induction only, the same result be- lar magnetic core and primary and secondary 
ing obtained as though the poles were shifted coils wound thereon, of an alternating -cur- 30 
by a commutator with an infinite number of rent generator having induced or armature 

5 segments. coils corresponding to the primary coils, and 
The modifications which are applicable to independent circuits connecting the primary 

other forms of converter are in many respects coils with the corresponding coils of the gen
applicable to this. I refer more particularly erator, as herein set forth. 
to the form of the core, the relative lengths 3. The combination, with independent elec-

35 

10 and resistances of the primary and secondary tric transmission-circuits, of transformers con
coils, and the arrangements for running or op- sisting of annular or similar cores wound with 

. erating the samc. primary and secondary coils, the opposite pri-
The new method of eledrical conversion mary coils of each transformer being connected 40 

which this system involves I have made the I to one of the transmission-circuits, an alter-
IS subject of another application, and I do not nating-current generator with independent in-

claim it therefore herein. . duced or armature coils connected with the 
Without limiting myself therefore to any transmission-circuits, whereby alternating cur-

specific form, what I claim is- rents may be directed through the primary +5 
1. The combination, with a core closed upon coils of the transformers in the order and man-

20 itself, inducing or primary coils wound thereon ner herein described. 
and connected up in independent pairs or sets, 
and induced or secondary coils wound upon 
or near the primary coils, of a generator of 
alternating currents and independent connec-

25 tions to the primary coils, whereby by the op
eration of the generator a progressi ve shifting 
of the poles of the core is effected, as set forth.-

NIKOLA TESLA. 

Witnesses: 
ROBT. H. DUNOAN, 
ROB'r. F. GAYLORD. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONE-HALF TO OHARLES 
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ELECTRO-MAGNETIC MOTOR, 

SPECIFICATION forming part of l'.,ettel's Patent No. 392,279, dated May 1, 1888. 

Applieation filed Kovember 30,1887. Se11al No. ~56;5G1. (No model.) 

To all who11'u it may C01wel'n: sUlated sections, so as to be susceptible to rapid 
Be it known tbat I, Nn{oLA. TES:t.A, a sub· variations of magnetism. This core is wound 

ject of tbe Emperor of Austria, from Smiljan, with four coils, 000' 0', the diametrically-op
Lika, border country of Austria-Hungary, now posite coils being connected in the same cir- 53 

5 residing at New York, in the county and State cuit, and the two free ends of each pair being 
of New York, bave invented certain new and brought to the tel'minalstandt', respectively, 
useful Improvements in Electro-Ma.gnetic Mo- as sbown. 'Within this annular field-magnet 
tors, of which the following is a specification, A is mounted a soft·iron cylinder or disk, D, 
reference being had to the drawings accom- on an axis, Ct, in bearings b b, properly sup- 60 

TO panying and forming a part of the same. ported by the frame· work of tue machine. 
In a former application, filed October 12, The disk carries two coils, E E', of insulated 

1887, No. 252,132, I have shown and described wire, wound at right angles to one another,and 
a mode or plan of operating electric motors by having their respective ends joined, so that 
causing a progressive sbifting of the poles of each coil forms a separate closed circnit. 65 

15 one or both of the parts or elements of a mo- In illustration of the action or mode of 01)-
tor-that is to say, of either the field magnet eration of this apparatus,let it be assumed that 
or magnets or armature, or both. I accom- the annular field-magnet A is p@rmanently 
plish tbis by constrncting a motor wHh two or magnetized, so as to present two fl'eepoles dia
more independent energizing-circuits, on the metrically opposite. If suitable mecbanical 70 

20 field-magnets,forexample, and I connect these provision be now made for rotating the field· 
up with corresponding induced or generating magnet around the disk,the apparatus exem
circuits in an alternating-current generator, so plifies the conditions of an ordinary magneto
tbat alternating currents are caused to trav- generator, and currents would be. set up in the 
erse tbe mot.or· circuits. By so doing tbe coils or closed conductors E:El' on the disk D. 75 

1 

25 poles of the field-magnet of the motor are pro- Evidently tbese currents would be the most 
gressively shifted, and by their attraction upon powerful at or near the points of the greatest 
a rotary armature set up a rotation in the lat· density of the lines of force, and they would, 
tel' in the direction of tbe movement of the as in all similar cases, tend, at least theol'eti· 
poles. In this euse, Uowever, tbe rotation is cally, to establish magnetic poles in the disk 8o--~ 

3C produced and maintained by the direct attrac· D at right angles to those in tue annular field
tion of the magnetic elements of the motor. I magnet A. As a result of the well-known 
bavediscovered that ad vantageons results may reaction of these polarities upon each other, 
be secllredin tbissystem byutilizingtheshift-\ a more or less powerful tendency in the disk 
ing of the poles primarily to setup currents in to rotate in the same direction as that of the 85 

3S a closed conductor located within the influence field-magnet would be established. If, on tbe 
of the field of tbe motor, so that the rotation I other band, tbe ring or annular field'magnet 
may result from the reaction of sncb currents A be beld stationary and its magnetic poles 
npon the field. progressively shifted by passing through its 

To illustrate more fully the nature bf tbe in· coils 0 0' properly-alternated currents, it is 90 
40 vention I refer to tbe accompanying drawings. obvious tbat similar resnlts will follow, for 

Figure 1 represents in side elevation the the passage of the currents cansing the shift
operative parts or elements of a motor em· ing or whirling of the poles of the field-mag
bodying tbe principles of myinventioll, and net A. induces currents in the closed circnits 
in section the generator for operating the same. of the armatnrecoils E E', with the re3nlt of 95 

45 Fig. 2 isa horizontal central section of the mo- setting up a rotation of the disk D in the same 
tor in Fig. 1, the circuits being shown pal~tly in direction of such sbifting. Inasmuch as the 
diagram. Fig. 3 is a modified form of motor currents are al ways induced or generated in 
in side elevation. Fig. 4 is a central borizon· Lhe coils E E' in the same manner, the poles 
tal cross-section of Fig. 3. of tbe disk or cylinder follow continuously lCO 

, So In Figs. 1 and 2, A is an annnlar core of soft the poles of the annular field-magnet, main-
~ iron, preferably laminated or formed of in- taining, at least theoretically, the same rela· 
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tive positions. This results in an even aml 
perfect action of the apparatus_ 

In order that the system as a whole may be 
better understood, I shall now describe the 

5 mode or plan devised by me for producing the 
currents that effect the progrcssi ve shifting of 
the poles of the motor. ' 

In Fig. 1, B B' are the poles or pole· pieces 
of an alternating-current generator. rrhey 

10 are permanently magnetized and of opposite 
polarity. F is a cylindrical or other arll1atnre 
containing the independent coils G G'. These 
coils are wound at right angles, so that while 
one is crossing the strongest portion of, the 

15 field of force the other is at the neutral point. 
The coils G G' terminate in the two pairs of 
insulated collecting-ri ngs f and j', upon w hi ch 
bear the brushes g g'. Four wires connect the 
motor-terminals t anrl i' with the brushes g and 

20 g', respectively. vVhen the generator is ro
tated, the coil G will at the certain poi nt shown 
in the drawings be" generating its maximum 
current, while coil G' is neutral. Let it be as
sumed that this current is conveyed from the 

25 rings f f to the terminals t t and through the 
coils 0 O. Its effect will be to establish poles 
in the ring midway betwecn the two coils. 
By the further rotation of the generator the 
coil G' is brought within the inlluence of the 

30 field and begins to prodnce a current, which 
grows stronger as the said coil approacbes 
the maximum points of the field, while the 
current produced in the eoil G diminishes as 
the said COli recedes from those points. The 

35 current from the coil G', being conve.yed to 
the terminals t' t' and t.hrough coils 0' 0', has 
a tendency to establish poles at right angles 
to those set up by the coils CO; but owing 
to the greater effect of the current in coils 0 

40 0 the result is merely to ad vance the poles 
from the position in ,vhich they wonld remain 
if dne to the magnetizing influence of coils C 
o alone. This progression continues for a 
quarter-revolution n ntH coil G G becomes 

45 neutral and eoil G' G' produces its maximum 
current. The action described is then re
peated) the poles having been shifted throng;h 
one·half of the field, or a half-revolution. 'l'he 
second half.revolution is accomplished ill a 

50 simHarway, the same polarity being main
tained in the shifti ng poles by the movement 
of the generator - coils alternately through 
fields of opposite l)olariLy. . 

The same principle of operatiolllllay be ap· 
SS plied to motors of varions forms, and I have 

shown Olle of sneh modified forms in Figs. 3 
and4 of the drawings. In these figures, l\i JU' 
are field-magnets secured to or forming part 
of a frame, F', mounted on a base, P. These 

60 magnets should be laminated or composed of 
a number of electrically-insnlated magnetic 
sections, to prevent the circulation of induced 
cnrrents and to render them capable of rapid 
magnetic changes. These magnetic cores or 

65 poles are wound with insulated coils 00', the 
diametrically-opposite coils being conlJeeted 

7 

together in sl'l'ies an<l their free ends brought 
to terillinals t t', respectivcly. Bctween the 
poles there is monnted, in bead ngs ill tbe cross
pieces G", a cylindrical iron core, D, which, 70 
in order to prevent the formation of eddying 
currents, and the loss consequent thercon, is 
subdividcdin the nsnal ,Yay. Insulatcd con
dnctors or coils arc applied to the eylilidor D 
longitudinally, and for these I Illay elllploy 75 
copper plates E E', whieh are secmed to the 
sides and cnds of thc cylindrical core ill well
known ways. These plates or conductors may 
form one or preferably several independent 
circuits around the coro. In the drawings two 80 
of such circuits are shown, forllled respecti vcly 
by the conductors E all<l E', wbieh are insu
lated from each other. It isadvantngeous also 
to slot these plates longitndinally, to prcvent 
the formation of eddy cnrrents :l!H1 \\'aste of 8j 
energy. 

From what has now been g',-vcn the opera
tion of this apparatns 'will be rca<1ily under
stood. Tothe binding-posts t t' are connected 
the proper circuits [rom the generator to cause 90 
a progressive shifting of thc resultant mag
netic poles produced by the magnets l\I npon 
the armature. 'rhus currents are induced in 
the closed circuits on thc core, which, energiz
ing t.he core strongly, maintain a powerful at· 95 
traction between lhe samc and the field, which 
causes a rotation of the armature in the direc
tion in which the resnltant poles are shifted. 

'1'he particular [Hlvantage of tile construc-
tion illustratcd in Figs. 3 alul 4 is that a con- roo 
centrated and po\verf'ulfiehl is obtained and 
a remarkably powerflll tcndency to rotation 
in the armature secured. '1'he same results 
may be obtained in the form illustrated in 
Figs. 1 and 2, however, by forllling polar pro- 10j 

jections on the field and armature cores. 
'When these 1110tOl'S are not loaded, but run

ning free, the rotaLion of the armature is nearly 
synchronous with the rotation of tho poles of 
the field, and under these circumstances very I Ie 

little enrrent is pcrcept-ible in the coils E E'j 
but if a load is atl<lec1 Ule speed tends to di
mini8h and the cnrrents in coils }J B' arc aug·, 
mented, so that the l"otnxy effort is increased 
proportionately. I 1 5 

Obviously the principle of tltis invention is 
capable of many 1ll0difiCll applications, most of 
which follow as a matter of course from the 
constructions described. For instance, the 
armature·eoils,ol' those in which the currents 120 

are set np by induction) lllay be held stationary 
and the altel'l1ating currents from the genem-
tor conducted through the rotating inducing 
or ficld coils by means of suitable sliding con
tacts. It is also apparcllt that thc iuduced 12~ 
coils may be movable and the magnetic parts 
of the motor stationary; 1mb I have illustrated 
these modifications fully in the al)plication to 
which referellce has herein been madc. 

In the case of motors woulHl with inllepeml- 13C 

ent fleld and armature circuits and ollcrated 
by shifting their poles, as described in my said 
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prior application, I may by short-circuiting either the generators or the motors, the system 
tbe armatnre-coils apply the present invention is capable ofa very perfect action and involves 
in order to obtain greater power on starting. bnt little loss. 

An ad vantage and characteristic feature of I do not claim herein the mode or plan of 
5 motors constructed and operated in accordance I producing currents in closed conductors in a 40 

with this invention is their capability of al- _ magnetic field which is herein disclosed,except 
most instantaneous reversal by a reversal of I in its application to this particular purpose; 
one of the energizing-currents from the gen- but_ 
eratoI'. Tbis will be understood from a con- What, I claim is-

IC siderationoft,heworking conditions. Assum- I 1. The combination, with a motor contain- ~5 
ing the armature to be rotating in a certain di- I ing independent inducing or energizing cir
recti on following the movement of the shifting I cuits and closed induced circuits, of an alter
poles, then reverse the direction of the shift· nating-current generator having induced or 
ing, which may be done by reversing the con-\ generating circuits corresponding to and con-

15 nections of one of the two energizing-circuits. nected with the energizing-circuits of the mo- 50 
If it be borne in mind that in a dynamo-elec- tor, as set forth. 
tric machine the energy developed is very \ 2. An electro - magnetic motor having its 
nearly proportionate to the cube of the speed, field-magnets wound with independent coils 
it is evident that at such moment an extra- and its armature with independent closed coils, 

20 ordinary power is brought to play in reversing I in combination with a source of alternating 55 
tbe motor. In addition to tbis the resistance currents connected to the field-coils and capa-
of the motor is very greatly reduced at the I ble of progressively shifting the poles of the 
moment of reversal, so that a much greater, field-magnet, as set forth. .~ 
amourit of current passes through t,he energiz- 3. A motor constructed with an annular 

25 ing-circuits. field-magnet wound with independent coils 60 
'fhe phenomenon alluded to-viz., the varia- and a cylindrical or disk armature wound with 

tion of the resistance of the motor apparently I closed coils, in combination with a source of 
like that in ordinary motors-I attribute to the I alternating currents connected with the field
variation in the amount of self-induction in magnet coils and acting to progressively shift 

30 the primary or energizing circuits. I or rotate the poles of the field, as herein set 
These motors presentnnmerous advantages, forth. ~ 

chief among which are their simplicity, rella- NIKOLA. TESLA.. __ A 
bility, economy in constrnction and mainte- Witnesses: 
nance, and their easy and dangerless manage- FRANK R. MURPHY, 

35 ment,. As no commutators are required on FRANK E. HARTLEY. 

\ 
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UNITED .STATES PATENT OFFICE. 

NIKOLA. TESLA, OF NEW YORK, N. Y. 

ELECTRICAL TRANSMISSION OF POWER. 

SPECIFICATION forDling part of Letters Patent. No. 382,280, dated May I, 1888. 

Original application filed October 12, 1887. Serial No. 2&2,132. DiYided aml this application ille.1 March 9, ISe8. Serial No. 
lIt6,755. (Xo mode1.1 

ro all whom it.TJw.y coTieern:. I tages, and the mode of its construction and 
Be it known that I, NmoLA TESL~, from operation will be described more in detail by 

~mi1jan,Lika, borderconntryof Austria-Hun- reference to thc accompanying diagi'ams and 
~ry,andresidingin thecity,conllty, and State I drawings. ..' 55 
)f New York, have invented certain new and Figures 1 to 8 and 1" to 8", inclusivc, are dia- ~ 
Ilseful Improvements in the Transmission of grams ilIustratil~g the principle of t4e. action 
Power, of which thefollowingisa specification, I of my invention. 'rhe remaining fignres are 
reference being had to the drawings accom· views of the apparatus in various fo~nls by 
panying aud forming a part oft.he same. meaus of which the invention may be carried 60 

This application is a division of an applica- into eifect,.and which will be described in their 
~ion filed by me October 12, 1887, No. 252,132. order. . 

The practical solution or the problem of the I Referring first to Fig. 9, which is a dia
electrical cOllversion arid transmission of .1l1~' I gmmmatic rep-resent.alion of a motor, a gen· . 
chanical energy involves certain requirements I erator, and connecting'circuits in accordance 65 
which the apparatus and systems heretofore I with my inv~ntion, 1\'1 is the motor, and G 
employed have not been cl\pable of fulfillrng. t the gellcmtol" for driving it. The motor com
Such a solution primarily demands a UUi-\ prises a ring or annulus, Rj preferably built 
formiLy of speed in the motor irrespective of up of thin insulated iron rings or annular . 
its load within its normal working limits. On I plates, so as to be as susceptible as possible to 70 
Lhe other hand, it is necessary, to attain a variations in itsmuglleticcondition. Thisring. 
greater economy of conversion than has here- is surrounded by four coils of insulated wire 
tofore ~xisted, to construct cheaper and more symmetrically placed and designated byCCC' 
reliable and simple apparatus, and such tbat a.The diametrically. opposite coils are con-
aU danger from t,he nse of currents of high I nected up so as to co-operate in pairs in prodnc- 15 
tension; which are necessary to an economical I ing free poles on diametrically-opposite parts 
transmission, may be avoided.' of tbe ring. The four free euds thus left are 

My present invention is a new mcthod or connected t.o terminals T T T' T', as indicated. 
mode of effecting the transmission of power Near the ring, and" preferably inside of it, 
by electrical agency, whereby many of the there is mounted on an axis or shaft a mag· 80 
present objections are overcome and great netic disk, C, generally circular in sbape, but 
economy and efficiency secured. baving two segments, cut away as shown. 

In carrying out my invention I employ a This disk is mounted so as to turn freely witbin 
motor in which there are two or more inde~ the ring R. The generatoL' G is of any ordi· 
pendent energizing· circuits, through which.I nary type, that shown in the present instance 85 
pll88, in the manner hereinafter described,al- having fi.eld~magnets N S and a cylindrical ar· 
ternating cnrrentB, ~ffecting thereby a progreso mature· core, A·, wound with the two coils H . 
sive shifting oCthe magnetism or oftbe" lines B'~ The free ends of each coil a.re carried 
offorce,"which,inaccol;dancewithweU·known through the shaft a: and connected, respect- .. 
theories, produces the action of the motor.- ively, to insula.ted contact'rings b b b' b'. A.ny.9O 

It is'obvious that a proper progressive shift· I convenient form of collector orbrnsh bears on
ing of the lines of force may be utilized, to set _ elWh ring and for-ms a ter~inal by which the 
up a movement or rotation of either element current to and from a rIng IS conveyed. These 
oCthe motor, the armature,or the field· magnet, . terminals are connected to the terminals of the 
and that if the currents directed through the motor by the wires Land L' in the manner in· 9S, 
Several circuits of the motor are in proper di· dicated, whereby two complete circuitB are 
rection no commutator for the motor will be formed, one including, say, the coils B of the 
required; but to avoid all the usoal commn- generator and C'O of the motor and the other 
tating appliances in the system I connect the. the remaining coils B' and C' (J of the gen· 
mot9r,circuitsdirectlywith those of a snitable erator and the motor. teO 
a1ternating~current geuerator. The practical tt remajD8 now "to expla.in the Inode of op
results ofsuch a system, its ec<Nlomical advan- etationof this system, and for this porpose I 
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refer to the diagrams, Figs. I to 8 and I' to 8", B' develops a less powerful current, but in thl 
for an illustration of the various -phases same direction as before. The coil B, on tbl 
through which the c9ils of the generator pass other hand, having entered a. field of oppositl 
when in operation, and the corresponding and polarity, generates a current of Ollposite di 

5 resultant magnetic changes produced in the I rection. The resultant poles will therefore b 
. motor. The revolution of the armature of tbe in the line N S, Fig. 6"; or, iii other word8 

generator between the field-magnets N S ob- 'I the p. oles of the ring will be shifted along fivl!i 
viously produces in the coils B H' alternating eighths of its periphery. 
currents the intensity and dircdion of ~hich Figs. 7 and 7"' in the same manner illustrat 

1.0 depend l1pon well-known laws. In the posi- the phases of the geQerator and ring at three 
tion of the coils indicated in Fig. 1 the current quarters of a revolution, and Figs. 8 and S 
in the coil B is practically nil, whereas the the same at seven eighths of' a revolution 0 
coil B' at the same time is developing Its the generator-arniature. Thesefig'ures will hi 
maximum current" and by the means indicated readily understood fL'om the foregoing. , 

rs in the description of Fig. 9 tlle circuitinclud- When a complete revohttion is accomplish cd 
ing this coil may also include, say, the coils 0 the conditions existing at the start al'e re-es 
o of the motor, Fig. 1". The result, with the tablished, and the same action is repeated fo 
proper connections, would be the ruagnetiza- the next and all subsequent revolutions, and it 
tion of the ring R, the poles being on the line general it will now be seen !bat every re\rolo 

20 N~. The same, OI:~der of connections being tion of the armatlll'e of tfie generator prodnc(" 
observed between the coit B and the coil 0', a corresponding shift.iug of the poles or line 
the latter 'when traversed by ,a current tend to of force around the ring. This effect I utilizi 
fix the poles at right angles to the lineNS of in producing the rotation,of a body or arma 
Fig. 1". It resnlts, therefore, that when the tUL'e in a variety of ways-for example, apply 

25 generator-coBs have made one-eighth of a. re- ing the principle above described to tbeappa 
volution, reaching the position shown in Fig. rat us shown in Fig. 9. The disk D, owing tl 
2, both pairs of coils, 0 and 0 /, will he trav· its tendency to assume that position in wbieI 
ersed by current and act in opposition in so it embraces the greatest possible numberofth' 
far as tile location of the poles is concerned. magnetic lines, is set in rotation, following th 

30 The position of the poles will therefore be the motioll of the lines or th(' poiuts of greatea 
resultant ofthe magnetizing forces ofthe coils- attraction. 
that is to say., it will advance along the ring to 'fhe tlisk D in Fig. 9 is shown as cut awa; 
a position corresponding to one-eighth of the on opposite sides; but this I hu\'c found is n~ 
revolution of the armature of the generator. essential to effecting its rotation, as a circula 

35 In Fig. 3 the armature of the generator has disk, as indicated by dotted lines, is I,\lso Be 
progressed to one-fourth of a revolution. At in rotation. This phenomenon I attribute tl 
the point indicated the current in the coil B a certain inert.ia or resistance inherent in tb 
is maximum, while in B' it is nil, t.he httter ,metal to the rapid shifting of the lines orfo1'<' 
coil being in its neutral. position. The poles' through the same, which rcsultsin n. contion 

40 of the ring R in Fig. 3'" will in consequence be ous tangential pull upon the disk, causing it 
shifted to a position ninety degrees from that rotation. This seems to be contil'med by tb 
at the start, ,as shown._ I have in like manner fact that a circular disk of steel is Illore effecl 
shown the conditioQs existing at each succes- ively rotated than one of soft iron, for Ibe rea 
sive eighth of one revolution in the remaining' son that thefor,mer is assumed t.o p088efl& : 

45 figures. A short reference to these figures will greater resista,nceto the Shifting of the ~I 
suffice to an understanding of their .signiti- netic lines. , 
cance., In illustration of otQcr formsoC apparatDl 

Figs. 4a,nd 4" jllustratethe conditions which by me&,(lS of which I carry ont my invention 
exist when the generator·armature has com·! shall now describe the remaining figures Cl 

50 pleted three·eighths of a revolution. Here the drawings.· , 
both coils are generating currents; but the coil Fig.10'isa view in elevation and part vel 
B', having now entered the opposite field, is tical section of a, motor; }i'ig. 12 is a top vie, 
generating a, current in the opposite direction of the same wita the field in seetion aDd-: 
having the opposite magnetizing effect; hence diagram of connections. Fig. 11 is nn eod 0 

-55 the resultant pole will be on· tbe line N S, as side view of a, genel;ator with tbe tieldain.-
show'n. 'tion. This fortn of motor' may be used in pIH 

In Fig. 5 one·half of ,one revolution of the of that shown. 
arIilatureoithegerieratorhasbeen completed,· " D-is a cylindriC'al or druin armature-con 
and the resulting magn,etic condition of the which, for obvious reasons, should be 8pUtUj 

'60 ring is shown in Fig. 5"'. In this phase coil:a as far as pra,c~icable to prevent the circuIatlOi 
is in the neutral position, while coil B' is gen'·' within.it of currents of induction. The .cor 
erating its maximum current, which is in the is wound longitudinally with two C9ilil, B .. 
same direction as in Fig. 4 .. The poles will E', the ends of which are respectively 00II 
consequently be shifted through olle·half of nected to insulated contact-rings d d~ cr. e8I 

65 the ring. '. ried by the shaft a" upon which the armatar 
In Fig. ~ the armature has completed five- is mounted. 

eighths of arevolation. In this position coil The armature is ,8_e~ to revolve withIn 81 
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iron shell, R, which constitutes the field-mag- motor produce a steadily-progressive shifliing 
net or other element of the motor. This shell ofthe resultant attractive force exerted by the 
is preferably formed with a slot or opening, r; poles G' upon the armature D, and conse- 70 
but it may be continuous, as shown by the quently keep the armature rapidly rotating. 

S dotted lines, and in thise\'ent ~tis preferably The peculiar advantage of this disposition is 
made of steel. It is also desirable that this in obtaining a more concentrated and power
shell should be divided up similarly ,to the ful field. Theapplicatiollof this principle to 
armature, and for similar reasons. As a gen- systems involving multiple circuits generally 75 . 
erator for driving this motor, I may use the will be understood from this apparatus . 

.ro device shown in Fig. 11. This represents an Referring now to Figs. 15 and 16, Fig. 15 is 
annular or ring armature, A, surrounded by a diagrammatic representat.ion of a modified 
four coils, F F F' F', of which those diamet- disposition of Illy invention. Fig. 16 is ahori- , 
l'ieany opposite are connected in series, so zontal cross-section of the motor. In this case 80 
that four free ends are left, which are con· a disk,- D, of magnetic metal, preferably cut 

J 5 nected to the insulated contact-rings h h b' h'. away at opposite edges, as shown in dotted 
The ring is suitably mounted on' a ahaa, a', lines in the figure, is mounted so as to turn 
between the poles N,S. The contact· rings of freely inside two statiollary coils,N' N",placed 
each pair of generator coils are connected to at right angles to qne another. The coils are 85 
those of the motor, re~pectively, by means of preferably wound on a frame, 0, of insulating 

20 contact-brushes and the two pairs-of conduct- material, and their ends are connected to the' 
ors, L L and Ii Ii, as indicated diagralllmat- fixed terminals T TT' T'. The generator a is 

. ieally in Fig. 13. a repre~entative of that class of alternating-
Now, -it is obvious from a consideration of current machines in which a stationary in- 90 

the preceding fignres that the rotation of the duced element is employed. That shown con--
25 generator-ring produc~s curr~nts in the coils sists of a revolving permanent or electro-mag-, 
. F F', which, being transmitted to the motor· net, A, and four independent statioriary ruag

coils,impart to the core of the latter magnetic nets, P P', wound with coils, thosediamet
poles constantly shifting or whirling around rical.ly opposite to each other being connected 95 
the core. This effect ~ts up a rotation of the in series and having their ends secured to the 

30 armature,owingtotheattractiveforcebetween ,terminals t t 1/ t'. From these terminals the 
the shell and thep'oles of the armature; but currents are led to the terminals of the motor, 
inasmuch as the coils in this caSe move rela- as shown in the drawings. The mode of Ope 
tively to the shell or field· magnet tlie move· eration is substantially the same as in the pre· 100 

mentof the coils is in the opposite direction vious cases, the currents traversing the coils 
3$ to the progressive shiftin~ of the poles. of the motor having the effect to turn the disk 

Other arrangements of the coils of both gen· D. This mode of carrying out the invention 
eralior and motor are pOSSible, and a greater has the advantage of dispensing with the slid· 
number of circuits may' be nsed, as will be ing contacts in the system. 105 
seen in the two succeeding figures. In the forms of motor above described only 

10 Fig. 13 is a diagrammatic illustration of a one of the elements--the armature or the field
motor and a generator connected and con- magnet-is providecl with energizing-coils. It 
structed in accordance with my i~vention. remains~ then, to show how both elements may 
Fig. 14 is:\n end view of ~he generator with be wound with coils. Reference is therefore 110 

its field-magnets in section. had to Figs. 17, 18, and 19. Fig. 17 is an end 
4-5 The field of the motorM is produced by six view of such a motor. Fig. 18 is asimilal' 

magnetic poles, a' a~, secnredto or projecting view of the generator, with'the field-magnets 
from a ring or frame, H. These magnets or in sectiou;and Fig. 19 is a diagram of the cir· 
poles are wound with insolated coils, those coit·connect.ions. In Fig. 17 the field-magnet lIS, 
diametri~lIy oppo~iteto each other being con· Of the motor consists of a ring, R, preferably 

50 nected inpairs,8088 toprodoceoppositepoles of thin insulated irol1 sheets or bands, with 
in each pair. Thii leaves six free ends, which eight pole-pieces, a, and corresponding- re-
are connected to the terminals T,T 1" T' T"T". cesses in whi<~h' four pairs of coils, V, are 
The armat,ure which is mounted to rotate be· wound. The diametrically-opposite pairs of [20 

tween the poles is a cylinder or disk, D, of coils are' connected in"series and the free ends 
55 wrought-iron, mounted on the shafl; a.-' Two connected to four terminals, 10, the role to' be 

segments of the same are cot away" as .shown. followed in connecting being the same as here
The generator for this motor has in this in· inbeforeexplained. An armature,D, with two 

, stance an ar~.re, A, wound with three coils, E N, at right angles to each other, if! I "'S 
, coils, K K' K", at ~ixty degrees apart. The mounted to rotate inside of the field-magnet 
60 ends of these coils are connected,res~tively, n. The ends of the armat:u.re-coils are con-
,- to iDBolated contact rings e.,e ee'. e'. These D(~cted to two pairs of contact-rings., dd if if. 

rings are ronneeted to those of the motor in The generator for this uiotol' ma.y be of any 
proper o:tder by meana of collecting-brushes -suita.ble kind to produce currents of the de- 130 
and six 'Wires, forming three independent cir· sired character. Iu the present illStance if; 

65 cilits. The variatioDB in the atrengthand di· consists of ~ field· magnet, N S, and an at:ma· 
reetion of the currents trall'lmiUied through ture, A, with two ~ils at right angles, the 
tbese circuits and tl'avening tbe coils of the, endaof, which ,are conuected to four contact; 
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rings, h h h' h', carried by its, shaft.' The cir· speed of the' motor for all loads within the 
cuit·connections are established between the normal working limits of the motor will be 
rings on the generator·shaft and those on the practically constant. 
motor· shaft by collecti ng brushes and wires, as It is clearly apparent that the speed can 

5 previously explained. In order to properly llever exceed the arbitrary limit as determined 
energize the field· magnet of the motor, how· by the generator, and also that within certain 
ever, the connections are so made with the limits, at least, the speed of the motor will be 
'armature·coils by wires leading thereto thatindepeudent of the strength of the cnrrent. 
while the points Of greatest attraction or great· It will now be more readily seen from the 

10 est density of magnetic lines of force upon the above description how far the requirement8 of 
armature are shifted ih one direction those a practical system of electrical translJlission 

, upon the field-magnet are made to progressin of power are realized in my invention. I se· 
an opposite direction. In other respects the cure, first, a uniform speed unGer all loads 
operation is identically the same, us in the within the normal working limits of the mo· 

15 other cases cited. This arrangement results tor witho~lt the use. of any auxiliary regula· 
in an increased speed of rotation. . tor; se,cond, synehronism, between the Illotor 

In Figs. 17 and 19, for cxample,theterlllinals and the generatorj third, greater efficiency by 
of each set of field ,coils are connected with the the more direct application of the current, no 
wires to the two armature·coils in such a way commutating devices being required on either 

2C that the field-coils will maintain opposite poles .1 the, motor or the generator; fourth, cheapness 
in advance of the poles of the armature. ' and simplicity of rllechanical, constl'nctionj 

In the drawings the field-coils are in shunts fifth, the capability of being very easily man· 
to,the armature; but they lllay be in series or aged or controlled, and, sixth; diminution of 
'in independent circuits. danger from injury to l)ersons and apparatus. 

25 It is obvious that the same principle may These motors llJay be run in series-multi· 
lle applied to theTarious typical forllls of mo· pIe arc or multi pIc serics-nnder conditions 
tor hereinllefore described. wen understood by those skilled in the art. 

Ha.ving now described the uature of my in· I am aware that it is not new to produce the 
vcntion and some of the various ways in which rotations of a motor lly intermittcntly shifting 

30 it is or may be carried into effect, 1 would caU the poles of one of its elements. This has been 
attention to certain characteristics which the done by passing throngh indepcndent ener· 
applications of the invention possess, aud the gizing,coils on one of the elements the cnr· 
advantages which it offers. rcnt from a battery or other sonrce of, d'ireet 

In my motor, considering, for convenience, or continuous currents, reversing osuch cur-
35 that represented in Fig. 9, it will beobsel'yedrellt by suitable mechanical applianccs, so that 

that since the disk D has a tendency to follow I it is directed through til. e, coils in, alternately 
continuously the points of greatest attraction, opposite directions. In such cases, however, 
and since these points are shifted ~1round the . the potential of the energizing - currents reo 
ring once for each revolution of the armature mq,ins the same, their direction only being 

40 of the generator, it fullows that the move· changed. According to my invention, ,how
ment of the disk D will be synchronous with ever, I employ true ulternatingcurrents; and 
that of tbe armature A. This feature by ;my invention consists in the discovcry of the 
practical demonstration I have fOUlld to ex· mode or method of utilizing such currents. 
ist in all oth~r forms ,in which one revolution The difference between the two plans and 

45 of the armature of tl~e' generator produces a t,he ad vantages of mine are obvious. By pro· 
shifting of the poles of the motor through ducing an alternating current each impulse 
three hundred and, sixty degree&.. of which involves a rise and fall of potential 

In the particumr modification shown ill Fig. I reproduce in the motor the exact conditions 
15, or in' others' constructed on a similar plan, of the,generator, and by such currents and the. 

50 the number of alternating impulse~ resulting consequent production of resultant poles the 
from one revoilltion of the generat~)l'-ar~ature progression of the poles will be continuous 
is. double as compared with the preceding and not intermittent. In addition to this,~he 
cases, and' the .polaritiesi'n the-motor ~re practical difficulty of intet'rnpting or revers· 
shifted,arorind twj~e oJ' one'revolution of the ing a current of any considerallie strength is 

55 generator· armature..: . 'rhe 'speed of the motor' such that Done of the devices at present could 
, will theref9r~ be twice that 'I?f' the gCl~erator. be made to ec()n~mically or practically effect 

Thesam~ result. is evidently obtained by such the transmission of pow~r by reversing in the 
a disposition as tbatshown in Fig. '17, wheremanii,~r des.cribed a ,continuous or direct ctir-

, the poleslif hoth elements are shifted, i~ op· rent> In so far, then,as the planofacting npon 
60 posite dir~etioils. \ . '. one element ofthe motor ~s cODcer,ned, my in· . 

Again,considering the apparatus illustrated ven..tion involvesthcllse of an alternating as 
by Fig. _9 as typical of the invention, it is ob· distinguished from a. reversed'curreuJ,or a cur· 
viouS that since the attractive effect upon the rent which, while continuous arid direct, is 
disk Disgl'eatest when the disk is in its proper shithid from coil to coil by any form of com· 

65 relative position to the poles developed in the mutator, reverser, or interrupter. With reo 
ring R-thatjs to say, when its 'end,S Or poles gard to that part of the invention which con
immediately follow those of the ring-:the sistsin acting upon both element8 of the motor 
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simultaneously,.I regard thc nse of either al
ternating or rcversed cnrrentsas witbin the 
scope oOhe invcntion, although I do not eon
sider the use of re"cl'Sed currents of any prac- . 

5 tical importance. . 
. What I clai m is-

The method hercindescribed of electrically 
transmitting power, which consists in produc
ing a continuously-progressive shifting of the 

pola.rities of either or both elements (the arma- . [0 

.ture or field magnet or ma.gnets) of a motor by 
developing alternating. currents in independ
ent circuits, including tbe magnetizing-coils of 
either or both elements, as herein set forth. 

. NIKOLA rrESLA. 
Witnesscsf . . 

FRA.NK B. MURPHY, 
FRANK E. HARTLEY • 

. I 
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UNITED STATES, PATENT OFFICE~ 

NIKOLA. TESLA, OF NEW YORK, N. Y. 

ELECTRICAL TRANSMISSION OF POWER. 

SPECIE'ICATION fQrminr; part of r,etten Patent No. 382,281, dated May 1,1888. 

OrlJi:lnal appll;:ation dIed November 30, leS7, Serial No.lISe,M~. 'Dlvided and thl8 application Il.1ed Harch D. tees. SerlAllfo 
lIGCl,7M. (No mo~el.l 

.To a,U whom t~ may concern: 
Be it known that I j NtKOLA. TESU, from 

Smiljan, Lika, border country of A.l.1stria·Hun
gary, and residing in the citYt county, and 

5 State of New York, have invented certain new 
and useful Improvements in the Electric Trans
mission of Power, of which the following is a 
specification, this application being a division 
of an ap~lication filed by me November 30, 

JO 1887, Senal No; 256,562. 
In a previous 9pplication filed by me-viz., 

No. 252,132, filed October 12, 1887-1 havt set 
~orth an improvement in motors and in the 
mode or method of operating tlle same, which, 

IS generally stated, consists in progressively and 
continuously shifting the poles or lines of 
maximum magnetic effect of either the field· 
magnet.s or armature, or both, of a motor, and 
thereby producing a movement of rotation in 

20 the motor. The means which I have shown 
. for effecting this, while varying in detail, are 
'jx<al.':iplified in the following system, which, for 
present purposes, it will be sufficient to con· 
8~del:' as a typical embouim'Emt of the inven· 

;;5 tUI)::t. . 
The ruotor i':l wound with coils forming in, 

dependent energizing-circuits on the arma
tm'e, which is a. cylinder 01' disk mounted to 
rotate between two opposite magnetic poles. 

30 These coils are connected up with correspond. 
ing induced or cnrrent-producing circuits in 
an ll\U,ernating·current generator. As a result 
of this, when the generator is set in motion, 
currents of alternately-opposite direction are 

35 directed through the energizing-coils of the 
motor in such manner as to produce a ptO
gressh'e shifting or rotation of the magnetic 
S;Ok.iHJf the moLor-aTruature. This movement, 
olthe poles of the armature obviously tend!! to 

40 rotate the armature in the opposite direction 
to that in which the movement of the poles 
t~1.reB place, owing to the attractive force be· 
tween said poles and the field-magneta, and the 
8pe~d of rotation increases from the start un· 

45 til it equals that of the generator, supposing 
both motor and generator .to be alike. 

As the magnetic poles of the armature are 
Ehifted in a direction opposite to that in whieh 
the armature rotates, it will be apparent that 

So when the norIllal speed is attained the poles of 

the armature will assume a fixed position relli
tively to the field-magnets) and thlLt in conse· 
qrtence the fleld·mtl.gneta will be energized by 
magnetio induction e:X:hibiting two distinct 
poles, one on each of the pole-pieces. In start· 55 
ing the motor, however, the speed of the ·a.r
mature being comparatively slow, the pole· 
pieces are subjected to rapid reversals of mag
netic polarity j Qut as the speed i Dcreases these 

"reversals become less and less frequent and 60 
finally cease, when the movement of the aima: 
ture becomes .synchronous with that of the 
generator. Tb is being the case, the field·cores 
or the pole-pieces of the motor become a mag-
net, but by induction only. 65 

1. have found that advantageous results are 
seoured by winding the field· magnets with a 
coil or coils and passing a continllous current 
through them, thus maintaining a permanent . 
field, and in this feature my present invention 70 
oon~~L . 

I shall now describe the apparatus which I 
have devised fOl' carrying out this invention 
and explain the mQde of using or OPerating 
the sam.e. 75 

Figure 1 is an end view in elevation of my 
improve'd motor. Fig. 2 is'a part horizontal 
central section, and Fig. 3 is .a diagrammatic 
representa.tion of the motor and generator 
combined and connected for operation. 80 

Let A A in Fig.l represent the legs or pole· 
pieces of a field-magnet. around which are 
coils B B, included in the circuit of a continn
ous·eurrent genefator, 0, which is adapted to. 
impart magnetism to the said poles in t·he or· 85 
dinary manner. 

D' D' are two i~dependent coils wouildupon 
a suitable cylinudcal Qrequivalent arrn!i.liUi:e
core, which, like all others used in a similar 
manner, should be split 01.". divided up into 90 
alternate magnetic and insulating parts in the 
usual way. This armat·ure is mounted in non· 
magnetic cross-bars E E, secured to t1!e poles 
of tbe field-magnet. The terminals of the ar· 
mature-coils,D D' are connected to. insulated 95 
sliding contaotrings a a b b, 'carried by the 
armature-Shaft, andbrusbes c c bear upon 
these rings to convey to the coils the currents 
w.hich operate the motor. 

The generator for operating tbis motor is or 
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Dlay be of 'precisely identical construction, I Molol'S constructed and operated on this 
and forconvenieuceoC referencf" I ha,"e markeu principle maintain almost absolutely the same 5S 
in Fig. 3 its parts, as follows: F F, the flelu- speed for aUloaus within their normal work
magnets eneri:ixed by a continuous cllrrent ing . limits, and in practice I have observed 

5 passing in it! field·coils 0 OJ H Hr, the coils that if the motor bc overloaded to stich an ex
('arried by the eylindrical armature; d dee, tent as to check its speed thc speed of the 
t.he friction or collectiug rings carried by the generator, if its motive power be not too great, 60 
armature·shalt and forming the terminals of is diminished synchronously with that of the 
,the armaturc· coil::! j and f f the collecting- motor. 

to brushes which deliver the currents develoup.<l. I have in other apnlicntiollR shown how tile 
in the armature·coils to the two circuits g gf, construcLion of these or. similar motors may be 
'which connect the generator with the motor. varied in certain well-known ways-as, for in- 65 

The operation of t~is system will be under- 'stance, by rotating the field about a statiou· 
stood from the foregoing. 'fhe actiou of the aryal'Jnature or rotating conductors within 

'5 generator by causing a progressive shifting of the field-but I do not illustrate these features 
the poles in the motoc-armature sets up in I further herein, as with the·illustration which 
the latter a rotation opposite in direction to I I have given I regard the rest as within the 70 
~hat in which the poles move. If, now, the power of a person skilled in the art to con-
coutinuous cnrrent he directed through the strnct. . 

20 field-coils so as to strongly energize the mag- I am aware that a d~vice embodying the 
net A. A., the speed .of the motor, which depends characteristics of a motor .and having a per·· 
upon thatofthegenerator, will not ~jncreased, manently·magnetized field·magnet has been 75· 
but the power which produces its rotatioI;l will operated by passing through independent coils 
be increased in proportion to the energy sup- on its armature a direct or continuous current 

::l5 plied t,hrongh the coils B B. It is character- in opposite directions. Such a system, how· 
istic of this motor that its direction of rola- ever, I do not regard as capable of tbe prac· 
tion is not reversed by reversing the direction tical applications for' which my inv~ntion is 80 
of the current throngh its field coils, for the designed, nor is it the same in principle or 
direction of rotalion depends Dot upon the mode of operation, mainly in ..that the shifting 

30 polarity of 'the field, but upon the direction of the poles is inrermittent and not contin~· 
in which the poles of the armature aroshifted. ous, and tuat tuere is necessarilv involved 1\ 

'1'0 reverse the motor the connections of eitber waste of energy. ts5 
of the circuits 9 g' must be reversed. In my present application I do not limit my· 

I h~ve found that if the tield·mllgnet of the self to any special form of motor, nor of the 
35 motor be strongly energized by. its coils B B, means for producing the alternat.ing cnrrents 

and the. circuits through the armature-coils as distinguished frOID what are caUed U reo 
closed, assuming the generator to be running versed currents," and I may excite or energize 90 
at a certain speed, the motor will not start; the field of the motor and of the generator by 
but if the field be but slig.btly energized, or in any source of current wllich will produce the 

40 general in such condition that \he magnetic desired result. 
influence of the armature preponderates in de- What I claim is-

'termining its magnetic condition, the motor 'The method herein described of transmit· 95 
will start, and with sufficient cnrrent will ting power by elactro-magnetic motors, which 
reach its maximum or normal speed. For consists in continnonsly and progre.l!6ively 

45 this reason it is deRirabJe to keep at the start, shifting the poles of one element oC the motor 
. a.nd until tbe motor has attained its normal by alternating cnrrents and magnetizing the 

speed, or nearly 80, the field-circuit open, or other element by a direct or continuous cur· Joo 
to permit but little current to pass through it. rent,. as set forth. . 
I have found, however, if t,he fields of both the NIKOLA TESL'"A • 

.,so generator and motor be strongly energized 
that starting the generator starts tbe motor, 
and that the speed of the motor is, inereasec1 
in synchronism with the generator. 

"Witnesses: 
FRANIC B. MURPHY, 
FUNK E. HA.RTLEY. 
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NIKOLA TESLA, OF NEW YORK, N. Y. 

METHOD OF CONVERTING AND DISTRIBUTING ELECTRIC CURRENTS. 

SPECIFICATION forming palt of Letters Patent No. 382,282, dated May 1,1888. 

Original application filed December 23,1887, Serial No. 258,787. Divided and th's application filed liarcll g, 188B. Serial No. 
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To all Wh071'b it may concern: machines, including the combined. motors and 
Be it known that I, NIKOLA. TESLA., from generators, have been devised. For instance, 

Smiljan, Lika, border country of Austria· Hun- a motor is constructed in accordance with well
gary, and now residing at New York, in the understood principles, and on the same arma- 55 

5 county and State of Ne\" York, have invented ture are wound induced coils which constitute 
certain new and useful Improvements in Meth- a generator. The motor· coils are generally of 
ods of Converting and Distributing Electric fine wire and the generator - coils of coarser 
Currents, of which the following is a specifica- wire, so as to produce a current of greater 
tion, this application being a division of anap- quautityand lower potential than theline-cur- 60 

Ie plication filed by me December 23,1887, Serial rent, which is of relatively high potential to 
No. 258,787. avoid loss in long transmission. A similar ar· 

This invention relatcs to those systems of rangement is to wind coils corresponding to 
electrical distribution in which a current from those described on a ring or similar core, and 
a single source of supply in a main or trans- I by meaus of a commutator of suitable kind to 65 

[5 mitting circuit is caused to induce, by means direct the current through the inducing-coils 
of suitable induction apparatus, a current or successively, so as to maintain a movement of 
currents in an independent working circuit or the poles of the core or of the lines of force 
circuits. which set up the currents in the induced coils. 

The main objects of the invention are the vVithout enumerating the objections to these 70 
20 same as have been heretofore obtained by the systems in detail, it will suffice to say that the 

use of these. systems-viz., to divide the cur- theory or the principle of the action or oper
rent from a single source, whereby a number ation of these devices has apparently been so 
of lamps, motors, or other translating devices little understood that their proper construc
may be independently controlled arid operated tion and use have, up to the present time, been 75 

25 by the same source of current, and in some I attended with various difficulties and great ex
cases to reduce a current of high potential in pense. The transformers are very liable to be 
the main circuit to one of greater quantity and inj ured and burned out, and the means resorted 
lower potential in the independent consnmp- to for curing this and other defects have in-
tion or working circuit or circuits. variably been at the expense of efficiency. I 80 

30 The general character of the devices em- have discovered amethodofconversion and dis
ployed in these systems is now well understood. tribntion, however, which is not subject to the 
An alternating - current magneto-machine is defects and objections to which I have alluded, 
used as a source of supply. The current de- arid which is both efficient and safe. I secure 
veloped thereby is conducted through a trans- by it a conversion by true dynamic induction 85 

35 mission-circuit to one or more distant points, under highly efficient conditions and without 
at which the transformers are located. These the use of expensive or complicated apparatus 
consist of induction-machines of various kinds. or moving devices,which in use wear out and 
In some cases ordinary forms of induction- require attention. This method consists in 
coil haye been used with one coil in t,he trans- progressively and continuously shifting the 90 

40 mitting-circuit and the other in a local or con- line or points of maximum effect in an induct
. sumption eircuit, the coils being differently I ive field across the convolutions of a coil or 

proportioned, according to the work to be conductor within the influence of said field 
done in the consumption-circuit·-that is to and included in or forming part of a second-
say; if the work requires a current of higher I ary or translating circuit. 95 

45 potential than that in the transmission-circuit In carrying out my invention I provide a 
the secondary or induced coil is of greater series of inducing-coils and corresponding in
length and resistance than the primary, while, duced coils which, by preference, I wind upon 
on the other hand, if a quantity current of a core closed upon itself~~such as an annulus 
lower potential is wanted, the longer coil is I or ring~subdivided in the usual manner. The lOD 

50 made the primary. In lieu of these devices two sets of coils are wound side by side or su
various forms of electro·dynamic induction;, . perposed or otherwise placed ih well-known 
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ways to bring them into the most effecti ve re
lations to one another aUll to the core. The 
inducing or primary coils wound on the core 
are divided into pairs or sets by the proper 

5 electrical connections, so that while the coils 
of one pair or set co-operate in fixing the m8.g
netic poles of the core at two given diametric
ally-opposite points the coils of the other pail' 
or set-assuming, for the sake of illustration, 

10 that there are out two-tend to fix the poles 
at ninety degrees from such poi nts. -With this 
induction device I use an alternating-current 
generator with coils or sets of coils to' COtTe
spond with those of the converter, and by means 

I5 of suitaule conductors I connect np in inde
pendent circuits the corresponding coils of the 
generator and converter. It results from this 
that the different electrical phases in the gen
erator are attellded by correspond ing magnetic 

~o changes in the converter; or, in other words, 
that as the generator-coils rerol ve the points 
of greatest magnetic intensity in the converter 
will be progressively shifted orwhirled aronnd. 

,'fhis principle I have applied under variously 
zs modified conditions to the operation of elec· 

tro-magnetic motors, and in previons applica
tions-notably in those having serial numbers 
252,132 and 256,561-1 have dcscribed in de
tail the manner of constructing and using such 

30 motors. 
In Lbe prescnt application my objeet is to 

describe the uest and most con venient manner 
of which I am at present aware of carrying 
out the invention as applied to a system of 

35 electrical distribution; bnt one skilled in the 
art will readily understand, from the descrip
tion of the modifications proposed in said ap
plications, wherein the form of both the gener
ator and converter in the present case lllay be 

40 modified. In illustration, therefore, of the de
tails of construction which my present inven
tion invol res, I now l'cfer to the accompanying 
drawings. 

Figure 1 is a diagrammatic jJJustration of 
4S the converter and the electrical connections of 

the same. Fig. 2 is a horizontal central cross
section of Fig. 1. Fig. 3 is a diagram of the 
circuits of the entire systcm, the generator 
being shown in section. 

50 I use a core, A, wbich is closed npon itself.-
that is to say, of an annular, cylindrical, or 
equivalent form--and as the efficiency of the 
apparatus is largely increased by the subcH
vision of this core I make it of thin strips, 

55 plates, or wires of soft iron electrically insu
lated as far as practicable. Upon this core, uy 
any well-known method, Iwind, say, fonrcoils, 
B B B' B', which I usc as primary coils, and 
for which I use long lengths of comparati vely 

00 fine wire. Over these coils I then wind shorter 
coils of coarser wi1'e, 0 0 0' 0', to constitute 
the indneed or secondary coils. The constrllc
tion of this or any equivalent form of converter 
lllay be carried farther, as above pointed out, 

65 by inclosing these coils with iron-as, for ex
ample, by winding over the coils u layer or 
layers of insulated iron wfro. 

The device is provided with snitable bind
ing-posts, to which the ends of the coils are 
led. The diametrically-opposite coils B Band 70 
B' B' are connected, respecti vely, in series, and 
the fonr terminals are connected to the bind
ing-posts 1 23,1. rrhe indnced coils are con
nected together in any c1esil'Cll manuel'. For 
example, as shown in Fig. B, 0 0 Ulay be con- 75 
nected in multiple arc \vhen a quantity Cllr
rent is desired-as for running a group of in
candescent lamps, D-while 0' 0' I1Iny he in
dependcntly connected in series in a circuit 
including arc lamps I)', or the like. 8) 

'l'he geJ](~rator in this system w ill be adapted 
to the converter in the manner illustrated. 
For example, in the present ease I employ a 
pair of ordinary permanent 01' electromagnets, 
E E, between which is monnted a cylindrical 85 
armatnre Otl a shaft, F, and wOllml wUh two 
coils, GO'. The terminals of these coils are 
connectel1, respectively, to fonr insulated con
tact or collecting rings, II II II' II', and the 
fonr line-circuit wires IJ connect the brushes 90 
K bearillg on these rings to the COlwertcr in the 
onlershown. Notingthe results of this combi
nation, jt will be observed that at a given point 
of time the coil G is in its lY~utral position and 
is generating little or no current, while the 95 
other coil, Gr, is in a position where it exerts its 
maximum effect. Assuming coil G to be COIl
nected in circuit witl! coils D B of the converter 
and coil 0' with coils D' D', it is evident that 
the poles of the ring A will be actermi ned uy 100 

coils B' B' alone; but as the armature of the 
generator rcvolves, coil G develops Illore Cllr
rent and coil 0' less uuLil 0 reaches its maxi
mum am1 G' its neutral position. r1'ho ouvious 
result \yiIl ue to shift the poles oftbe ring A 105 

through one qnarter of its peripbery. 'l'he 
movement of the coils through the next quar-
ter of a tnrn,c1uring which coil 0' enters a field 
of opposite polarity and generates a currellt 
of opposite dircction and increasing strength, 110 

while coil G is passing from its maximum to 
its neutral position, generates a cnrrent of de
creasing strength and same direction as be
fore, and canses a fl1l'ther shifting of the poles 
throngh the second q narter of the ring'. 'fhe I 15 
second half - revolution will obviously be a 
repetition of the same action. By the shifting 
of the poles of the ring A a power-uynamic in
ductive effect on the coils 0 0' is produced. 
Besides the cnrrents generated in the second- 1::10 

ary coils by dynamo--magnetic inclnctiolJ,othel' 
currents wlil be set np in the same coils in 
consequence of any variations in the intensity 
of the poles in tlle ring _lL rl'l..lis shonhl ue 
avoided by maintaining tho intenSity of the 125 

poles constant, to accomplish which carc slJould 
be taken in designing uml proportioning the 
generator and in l1istribnting the coils in the 
ring A_ and ualanciug their effect. -When this 
is done, the currents are produced by dynamo· 130 

magnetic induction only, the same result be-
ing obtained as though tho poles were shifted 
by a commutator with an infinite number of 
segments_ 
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The apparatus by means of which this 
method of conversion is or maybe carried out 
may be varied almost indefinitely. The spe
cific form which I have herein shown I regard 

5 as the best and most efficient, and in another 
application I have claimed it; but I do not 
limit myself herein to the use of any particu
lar form or combination of devices which is or 
may be capable of effecting the same result in 

[0 a similar way. 
What I claim is-
1. The method of electrical conversion and 

distribution herein descrfbed, which consists 
in continuously and progressively shifting the 

15 points or line of maximum effect in an induct'l 
ive field, and inducing thereby currents in 
the coils or convolutions of a circuit located 

within the indllctive influence of said field, as 
herein set forth. 

2. The method of electrical conversion and 2C 

distribution herein described, which consists 
in generating in independent circuits produc
ing an inductive field alternating currents in 
such order or manner as to produce by their 
conjoint effect a progressive shifting of the 25 
points of maximum effect of the field, and in
ducing thereby currents in the COilR or convo
lutions of a circuit located within the induct
ive influence of the field, as set forth. 

NIKOLA TESLA. 

-Witnesses: 
FRANK B. MURPHY, 
FRANK E. HARTLEY. 
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NIKOLA'TESLA, OF NEW YOHK, N. Y., ASSIGNOR' OF ONE-HALF TO CHARLES 
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5PECIPICATION·Cor!lling part of Letters Patent No. 382,845, dated. May 15, 1888. 

Allpllclltion filed April 30, 1887. 5erial No; !)36,1l1: (No mOll~l.) 

1'0 at? whom it may concern: the comJ;l1utatol; to Lurn upon the collectol'l 
Be it known that I, NIKOLA TESLA, ii'om whereby the currents imlucell in the coils are 

Smiljan, Lika, border country of Austria-Hun- taken off by the collect{)r-segments and thence 
. ~arYlatprcsentresidingin the city, connty, an(} conveyed off by suitable conductors leading 

5 State of New York, have invented certain new from the collector-segments.· Thisls the gen· 55 
and nsernl IlJIprovements in Commutators for eral plan of the construction wIticn I have in· 
Dynamo' ,Electricl'fIachines and Motors, ()f vented; Aside from certain adj nnct8, the na
which the following is ·a specification, refer- tme aud functions of which will be hereinnf
ence being bad to the drawings accompanying tel' set forth, this illcans of commutation. will 

10 and forming [qlartof the same. . be seen toposse3s many important advan~ 60 
This invention i'ela.tes to tlYllamo·elcc[.ric tages. In t,he first place the short-circuiting 

illachines or motots, anu is an improvement in and breaking of tbe armature-coil cOllnectcd 
the dey ices for com mutating aIHI collectlng the to the com III utatol'-segments occur at the same 
Clll'rents;' . instant, and from the nature of the·construc-

15 The Object::; of thcinventio'l mle, first;. to tion this will be done with tbe greatest pre- 65 
avoid tbe sparking andthegl'aunal wearing cision; seconllly, the duration of hoth the 
away or destruction of thecommutator-seg- break and that of the ShOl't circuit will be re
ments and brllshffi or coUectors resulting duced to a minimulll. The fil'Bt resu~s in a 
thcrefrom; second, to obviate the necessity of reduction which amounts practically to asup-

2() readjustment of theconullutator 01; the brushes pression of the spark, since the break and the 70 
01' collectors and other conseqnencesof the short circuit produce opposite effects in the 
wear of the same; third, to render practicable· armature-coil. 'fhe second has the effect of 
the constrllction of very large dynamo·elcctdc diminishing the destructive e11'oct Qf a spark, . 
machines and motors with the minimuill nllm- since this would be ill a meas1,lre proport,ioned . 

25 be!-,of cOllllllutator,segments, ulld,fourth,-toino I to theduration'ofthespark, while lessening the 75 
crem'e the efficiency and safety and reduce the I duration of the short circuit QPYiously.in- . 
cost of tbe machine. 'I creases the effi:ciencvof the machine. . 

In carrying out my in\'ention in a manner The mecha,nicnl advantages' will be belter 
to accomplish these results 1 constplCt a COI11· understoodbyreferl'ing to the accompanying 

30 inutator and the eollCi:l,ors therefor in two drawings, ill which- 80 
. parts mutually al,apted to one another, and, 50 • Figure l·isa central longitudinal section of 

far as the essential features are concerned, the end of a shaft with my improved comrnu
alike in mcchanic'!l stl'Uctul'e. Selecting as tator carried thereon. Fig. 2 is a view of the 
an illustration a COllllllutator of two segments inner or hearing face of the collect,or. Fig. 3 

~5 adapted for use with an armature the coils is an end view from the armature side of a 8.Ii 
or coil of which have but two free ends, con- Rl.odifiell fornioC commutator •. l!'igs. 4 and 5 
llccted respectivcly to the said segments,-the are views of detaileof 1!'ig. a.Fig; 6 is a lon
bearing· surface is the face ot' a disk, aild is gitudinal central section of anothermodifica· 

. formed of ~wo metallic quadrant-segments and tion, and Fig. 7 is a sectional view of the same •. 
40 two illsnlating-segmentsof the sUllie dimen- A is the end of the armature-sbaft of a dy- 90. 

sloris, aUIl tho face Of the disk shoull! be llamo·electric .machine or motor. ' . . 
smoothcd olf, so t,lUt the metal and insulating A' is a sleeve of insulating material aro,ulld 
scglllellts arc Hush. 'rhe part which takcs the the shaft, secured in place bya SQrew, a, 'or 
pla(!c Qf,thq usu:trbl'ushes,or what I term the by other suitable means. .'." _ , 

45 "collcctor," is a dis].(of the safue character a.'! The commutator proper is in the fOI'ID of a 95 
the c6iuJllutatfH' and lJaviilga surface simi-. disk which is made up of four {regments,D D' 
larly forlneu \'iith two illsuillting and two me- GO', similarlo those shown .in;Fig. 3. Two· 
ta1lic scgments.· 'Jhcsetwo parts nrc mounted of these segments, as D D', are of metal and 
with tbeir laces ill cont~u.:t anu ill fH1Ch man- _ are in electrical connection with the ends of 
ncr that, the rotation of the armature causes ~ the '!oils on the armature. The 9tlJer tWj) ~~g- ICO 
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, 
menls arc of insuJating matcrial. . The seg
ments arc hcld in place by a. banu) R, of in
sulating material. The disk is hcld in place 
by f.'iction or by ,screw~) such as g' g', Fig. 3, . 

5 .which secure tlle disk firmly to the sleeve A'. 
The collcctor is made iil thd sanie form as 

, th.- commutator. It is composed of tlie two 
lllf'tnllic s(>gments E E' and the two insulating
segmcuts F F', bOlmd toget.her by a band, 0. 

TO Thc llIetallic segment-l-E E" are of the same or 
pl'acLically thc same width or extent as the 
jnsuhting segments or spaces of the commu
tator. '.rhe collector· is secured to a sleeve, B', 
hy SCI·CWS U fl, and the sleeve is arrauged to 

J 5 turn freely on thesha.ft A. The end of the 
lileeve B' is closed by a plate, asf, upon which 
~resses a pivot-pointed screw, h, adjustable in 
a spring, H, whicb aet:i to maintain the col
lector ill close contact with the commutator 

20 antI to eompensate for tlle play of the shaft. 
Any cOllvenient means is employed to hold 
the collector 80 thatJt may not turn with the 
slul.ft. .. For example, I :have shown a slotted· 
plate, K, which is designed· to be attached to 

25 a stationary support, and an arm extendi·ng 
from the collector and cllort'ying a clampiug
screw, L, by which the collector may be ad
justed and set to the uesired position. -
.. J. prefer in the form shown in Figs. 1 and 2 

30 to lit the insrtlatiilg-segments of both commu
tator anu collector loosely and to provide some 
means-as, for example, light springs e e, se

, c,ll'ed to the bands A' B',respectively, and 
b~aring !l.gainst the segments-to exert a.light 

35 Ilres.."IlIl'e upon them and keep them in close 
contact and to compensate for wear .• The 
mdal segments of the commutator Dlay be 
moved forward by loosenillg the screw a', 

The circuit or line w"ires are led from the 
40 metal segments of the collector, being secured_ 

thereto in any convenient manner,'theplan of 
connections being shown as applied to a modi
fied form of the commutator in Fig. 6. The 
commutator and the collcctor in thus present-

45 ing two flat and smoot.h bearing-surfaces pre
vent by mechanical action the occnrrence of 
sparks, and this is mpre' effectively accom· 
plishec} as.is here done-that is to say, by the 
illtel'positionof an ·insulating body between 

50 the separating plates or segments of the com
mntator and collector-than by any other me. 
chanicaldevices of which I am aware. . 
. The insnlating-segments are made of some 
'hard material capable of being polished and 

, 55 formed with sharp edges. Such materials as 
glass, marble, or soapstone may be advanta 
geous1y used. The metal segments are pref
erably of,copper or brass; but-tbey may have 

. . a facing or edge of ottrable material-such as 
60 platinum or th.e like--where the sparks are 

liable to occur. 
In.INg. 3 a some,,-hat modified form of my 

invention is shown, a form designed to facili
tate the· constructioll and replacing of the 

65 parts. III this form the commutator and col· 
,lector are made in substantially the same man· 
ner as previonsly described, except that the, 

bands B C may be ontitte<1.'l'he foUl' seg
lll~nts of ea"cll part., howcvel', al'e ·secured to 
their respective 81ee\'(,s by lJc~ews fl' g', ana 70 
one edge of each segment i~ cnt away,· so that 
small plates (t b lllay be slipped into the spaces 
thllsformed. Of these plates It (( arc of metal, 
and al'e in contact with tlle metal segments D 

. D',.respectivc!y. rl'heothert.w(i,~b,areofglass 75 
Ql' marble, and they are all prefembly sqnare, 
as shown in Figs. -1 alHl5, so that they may 
be, turneu to present Hew edges should any 
edge become worn by usc. Light sp~jngs cl 
bear upon these plates and pross those in the 80 
commutator toward those in the collector, a.nd 
insulating-strips c c are secured to 'the periph
ery of the disks to preVl'ilt the blocks fro III . 
being thrown out bycentrifllgal actioll. These 

. plates are: of course, us.eful at those cllges of 85 
the segments only where sparks are liable to 
occur, anll,as they arc easily replaced, they 
are of gl'eat a<l\;autage ... I prefer to coat t,hcm 
with platinum or silycl'.· . 

In Figs. 6 anel 7 is shown tIle construction 90 

which I use when, instead of solid segments, a 
fluid is employed. In this Close the com mutator 
.and collector are made of t.wo insulating-disks, 
S T, and in lieu of the metal segments a space 

: is cut out of each part, as at R R', correspond- 95 
ing in shape and size to a metal segment .. 
The two parts are fitted snioothly and the col· 
lector T held by the screw It 'an<1 spring H 
against the commutator S .. .As in the other 
cases, the commutator revolns while the col· roc 
lector remains stationary ... 'rhe ends of the 
coils are connected te binding,-posts 8 8,.whIeh 
are in electrical connection with metal plates 
t t within the recesses· in the two parts S T. 
These chambers or recesses are filled with 105· 
mercury, and in the collector part are tubes 
W W, with screws 10 10, carrying springs X 
and pistons X', which compensate for the ex· 
pansion and contraction of the mercury under 
varying temperatures, but which are suffi- IIe 
cientty strong not to yield to the pressure of 
the flnid·(he L."' cellt"ifugal" action, and which 
sel;ve as b'inding.posts. . 

In all the above cases I have described com
·mutators adapted for a single coil,anel the de- I I,5 
vice is particularly adapted to such purposes .. 
The number pf segments may be increased, 
however, or more than one commutator used 
with a single" armatu re, as will be well under-
stood. , 12(". 

,AlthOugb I have shown the bearing-surfaces 
as planes at right angles to the shaft or axis, 
it is eviClent that in this particular the con· 
struction may be very greatly modified with-
out departure from the invention. 125 

Withont confinjng myself, tht},efore, to the 
details of construction which lIIavc shown '.in 
illustration of the invention, what I claim as 
new is-

1. In a dynamo·electriQ machine, the com· 130 
bination, with a commutator fornied with con· 
ducting terminals or segments with interven-
ing inSUlating-spaces, of. a collector adapted 
to bear UpOli the s.urface of the. commntato~ t. 
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and formed with conducting terminals or seg- I iug a bearing-surface formed of alternate sec
ments equal in extent to. the h1.sulating-space tionsof conducting and insulating materia}, 
Letweeu the commlltator'segments, as set forth. of a collector with a,similar and symmetrically. 

2. The combination, ,with a commutator formed bl:laring·surface and means for apply. 
5 built or formed of alternate blocks or seg- ing spring-pressure to force the two bearing- 25 

ments of conducting aud insulating . m~terial, surfaces together, as set forth. 
of a collector adapted to bear upon the surface 5. The combinationjwith a commutator and 
of the commutator and formed of conducting a collector the bearing-surfaces of which are 

. blocks or segments of a width or e~ten~ equal I identical in respect to the disposition of the 
10 to that of the inSUlating-segments of the. com-. conducting and insulating parts, of means for 30 

niutator and separated by interposed blocks applying spring-pressure to maintain the two 
or segments of insulating -material, as de· beat:ing·surfaces in contact and means for hold-
1!Cribed~ iug the collector against rotary movement, as 

3. The combination, with a commutator set forth. . . 
15 formw as a. disk with alternate terminals orSlgneq,t.his 21st day of April, 1887. 

segments of conducting and insulating mao . A 
terial, of a. collector sim.ilarly f{)rmed and NIKOLA TESL • 
mounted with its face in contact with t,hat Of WitneSses: 
the commutator, as set forth. . UOBT. F. GAYLORD, 

20 . 4. The combinati0J.1, with a commutator hl\v~ FRAN_A E. HARTLEY. 
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To all wh01n ,it may ooncen'l-: i llvenLion. Fig. 2 is it lliagi'um .of the system 
Be it known that I, NIKOLA TESLA, a Rub· as it is used in operating motors ol'col1verters, 

,iect of the Brnperol' of Aust.ria, from Smiljan, or both, in parallel or mult.iple arc. Fig. 3 
Lika, border coulltry of Austria-Hnngary, r(~' illustrates diagrammatically tlie manner o[ 

5 siding in tlle city, county, arid State of NeW operating two or more motors or cOl1vnrters,or 55 
York, have invented certain new and useful both, in series. 
Iniprovements in Systems. of Electrical Dis- It is obvioUi:l that for purposes of this invcn
tribution, of which the following is a specifi- tion motors or transformers, which may be all 
cation, reference being had to the drawings ac- designated as "converters,"are tile same, and 

10 companying and forming a part of the same. that either or both may be operated by the 60 
In .previous applications for patents made same system or arrangement of circuits. 

by me I have shown and described electrical neferring to Fig. 1, A A designate the pole~ 
systems for the translllission of power and the of tbe field-lUf!,g:::et£ of an a1ternating·current 
conversion and c1istribu,tion of electrital en- genemtor, t.he armature of which, being in 

J 5 ergy, in whicb the motors and the transformers this case cylindrical in form and mounted on a 65 
contain two or more coils or sets of coils, which shaft,O, is wound longitudinally with coils B 
were £onnect£d up iLl indepenuent circuits B', 'l'he shaft C carries three insulated. con
with ~oI'fesp(jndiDg coils of an alternating-eur- tact-rings, abc, to two of whicl1,u-s b 0, one 
Tent generator, the operation of thesystem be- terminal of each coil, as ed, is cODnected. Tn,: 

20 iug brought ahout by the co-operatiol1of the I enaining terminals, j g, at'e Qotl:J, cQnnected. 70 
alternating currents in the independent cir- to the third ring; (L. 

cuits in progressively moving or shifting the A motor in this case. is shown as aOlllPostli 
poles or pOintsofmaxirnum magnetic eff'ect of of a ring, II, wonnd with four coila, I I J J, 
the motors or converters. In these systems, electrically connected, so as to co·operate in 

25 as I have described them, two independent pairsiwjth a tendency to fix the poles of the 75 
conductors were employed for each of the ring at fonr point.s ninety degrees apart. 
iudep<::ndent circuits connecting the gener; Within the magnetic ring H is a disk or QY' 
Htor with the [leviers for converting the trans- lindrical core wound with two coils, G G', 
m1tted cnrre.nts :into mechanical energy or which may be eonne(:ted to 'form two' -closed 

30 into electric currents of anothet' character; circuits. The terminalsj k of the two sets or 80 
but I have found that this is not always neces· pairs of coils are connected, respectively, to 
sary, and that the two or more circlli!s may the binding·posts E' F', and the other termi
have a single return path Qt' wire in common, najs, hi, are connected to a single binding
with a loss, if any, which is so extremely :slight post, D'.'fo operate the motor, three line-

35 that it may be disregarded entirely. For sake wires are used to connect the terminals o~ the 85 
of illustration, jf the generator have two in- generator with those Of the'-motor .. 
dependent coils and the motor two coils or So far 'as the apparent actioQ or mode'of 
two sets of coils in corre.'lponding :-clations to operation of this i',rrangement is concemed, 
its operative elements one terminal of each the single wire D, which is, so to speak, a com-

40 generator· coil is cnnllected to the cOl'respond- mOll return-wire for both cireuit8, may be re- 90 
ing tei-minaIs of the motor _co11s t,hrol1gh two I gardell as two indept>nd.:;nt wlres. In'mus· 
independent conductors, while the opposite tration, with the ordci' of connection shown, 
terminals of the respective coils are both con- coil B' of the g.eneratof'is prodllcing its m4xi
Hocted to one retnrtH,,·ire. mum chrrent and coil Bits miIjimnmi hence 

45 This invention is applicable _to my system t,he current which passes thronghwiree,::ring 95 
in 'farious ways, as will be seen bYI'eference. b, brush b', line-wire E, terminal ]Y, wire j; 
to the drawings, in which- coils I I, wir'3 .01' terminalD', line·wire D, 

Figure 1 is a diagrammatic ilIuEtration of a brush ai, fing a, aud wire j,fixes the polar 
generator and single motor constructed and .1 line of the motor midway betwe<m the two 

So electrically connected in accordance with the coils I Ii but as tbe coil B' moves from the po- IO( 
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sition indicated it gencmtes lCRS current, while 
coil B, moviug into the field, generates more. 
The current from coil B passes through the 
devices and wires designated hy the letters d, 

5 e, e', F, F', k, J J, i, D', D, a', a, aild g. and 
the position of the poles of the motor will be 
due to the resultant effect of the currents in 
the two eets of coils-that is, it will be ad

'vanced in proportion to the advance or for-
10 ward movement of. the armature coils. The 

movement of the generator-armature through 
one'qaarter of a revolution will obviously 
bring coil B' into its neutral position and coil 
B into its position of maximum effect, and 

15 this shifts the poles ninety degrees, as they are 
fixed solely ,by coils B. This action is re
peated for each quarter of a complete revolu
tion. 
, When more than one motor or other device 

20 is employed, they may be run ~ither in paral
leI or series. In Fig. 2 t.he former arrangement 
is shown. The electri~al device is shown as 
a converter, L, constructed as I have described 
in my application Serial No. 258,787, filed 

25 December 23, 1887. The two sets of primary 
coils p r are connected, respectively, to the 
mains FE" which are electrically connected 
with the two coils of the generator. The 
cross-circuit wires l m, making these connec-

30 tions, are then connected to the common re
turn-wire D. The secondary coils p'pu are in 
circuits n 0, including, for example, incan
descent lamps. Only one converter is shown 
entire.:·in this figure, the ot,hers being illiIs-

35 trated diagrammatically. 
When motors or converters are to be run iu 

series, the two wires E F are led from thegen
erator to the coils of the first motor or con
verter, then continued on to the next, and so 

40 on through the whole series, and are then 
, joined to the single wire D, which completes 

both circuits t.hrough lobe generator. This is 
shown in Fig. 3, in which J I represent the 
two coils or sets of coils of the motors. 

45 Obviously it is immaterial to the operation 
of the motor or equivalent device in Fig. 1 
what order of connections is observed between 
the respective terminals of the generator or 
motor. 

50 I have described tIte invention in its best 
an<l most practicable form of which I am 
aware; but there are other conditions under 
which it may be carried out. For example, in 
('ase the motor and generator each has three in-j 

5S dependent circuits, one t{)rminal of each cir-

cuit is conllecteJ to a line-wire and the other 
three terminals to a common returu-conductoh 
This al'rangement will secnre similar results to 
those att.ained with a generator and motor hav
ing but two independent circuits, as above de, 60 
scribed. 

yVhim applied to such machines and motors 
as have three or more induced circuits with ,a 
common ele,ctrical joint,the three or more ter
minals of the generator would be simply con· 65 
m'lcted to those of the motor. Such forms of 
machines, when adapted io t.his may;tner to my 
system, I have, however, found to be less etli.
cient than the others. 

The invention is applicable to machines and 70 
motors of various types, and according to cil'
cumstanccsand conditions readily understood. 
with more or less efficient results. I do not 
therefore limit myself to any of the details of 
constrnction of the apparatus herein shown. 75 

What I claim is- ' 
1. The combination, with a generator hav

ing independent current-generating circuits 
and a converter or converters having inue
pendent and ,corresponding cir£u'its, of inde· 80 
pendent conductors connectinfl,. one terminal 
of eachgenerator··circuitwith a corresponding 
terminal of the motor and a single conductor 
connecting the remaining generator a'nd con-
verter terminals, as set forth. 85 

2. The combination, with a generator hQ,v
iog independe'nt current·generating circuits 
and a converter: or converters baving inde
pendent and corresponding Circuits, of inde
pendent line or connecting circuits formed in 90 
part through a couductor common to all, as 
set forth. 

3. The system of electrical distribution 
herein set forth, consisting of the combina· 
tion, with an alternating -current generator 95 
having independent generating, circuits and 
elect.ro-magnetic motors or convert('rs pro
vided with corresponding energizing:circuits, 
of line wires or conductors connecting t,hc coils 
of the motors or convertcrs, respectively, in Ie 
series with one terminal of each circuit of the 
generator, and a sing1e, return wire or con
ductor connecting the said conduct.ors with 
the other terminals of the gcnerato:', as set 
forth. 

NIKOLA T:ESLA. 

Witnesses: 
HOBT. F. GAYLORD, 
FRANK E. HARTLEY. 
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SPEC!.!'ICATION forming part of Letters Patent No. 390,414, dated October 2.1888 . 
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To az{wl~~i;~':it/7;:~~ concer}/,: 'I which tho cllrrcnts· m'c to ue takeu ofl'':'''will :". 
Be i.t:kllO,,,:uithatJ, N1KOLA TEST.A, a-sllb-· be determined solelv by what'order of varia· . 

ject oftbe.EUlllcrot:rof Anst,ria, frOID ~llliljan, tions of stl'ength aUel direction ill the currents 
Li.ka,bordt'r. €!pontry of Austria- Hungal'Y, is desired for pro<lncing a given result in the 55' 

5 now residing, at New Yo.'k, ill theconnty and ,clectricn,l trnnslatingdevice. This'may beae- , 
. State.orN~\\>¥.ol'k,.havein\'ented cf'rlltin new compfished in val'iolls Wa:Y8; but ill. thedraw

and useful Imllroyemenls in Dynamo·Electl'ic ings I have given t.ypical instllllcesonly of the 
!f.achinet!~:oL.whjClh.the following is a specifi- hest and most practicable waysof applying I/he 
cat.{~n-{;:re{e.re_oce,;being had to the drawings in,\'cntioll to three of the best·known types of 60 

10 accompapyiog'and{orming a part oCthe same.. machines, in OI'dcr t.o iIl,l1strate tllQprinciple 
Incertai'n'patentsgmnted to'Charles F. Peck and to enable anyone skilled in the art to all

and mys~lf~notn,Qly in Patents No .. 881,968 ply the invention in any other case 01' undel' 
m~d NOo':882;280"MI1Y 1, ]888-1 have shown all)' modified conditiolls wbich the circum-
an~:descrjbed·a :plao<>f constroctillg and opel" stances of pal'ti~nhtr ('.ases lllay rcquire. 6S 

15 ating motors, transformers, and t.he like, byal· Fignre 1 is a diagram ilIustl'at1\'e of tilt: 
ternatingellrrenfs conveyed throllgh two or mode of app.lying the invention to the. well· 
more i.ndependentcircl1its irom a generator known type of elosed or. eontinnouSeil'cuit 
Jtavin~t'lUeh relfttlon to the motol,'8 or trails- machines. Fig, 2 is a. Similar diagmm COll
for.mers·as t()pr.o~lIce therein a progressive taiuillg an armature with separate coils con· 70 

20 moveill:cnt~f the "magnetic poles 01' lines of nected diametrically" or what is generally 
fore~. In the said applications the d{'scrip' called an "open.circuit" .machine. l!'ig. 8 is 
tiolls'-an<l'ill~tstrations of the generatol's were a diagram showing the application of the in
cGl1fincd,to.those'types of altel'llating current vention to a nlacbine the ~mnature·coil~ of 
llIachine iri·:which·theclll'rent generating coils which have a common joint, 75 

25 are indepeudellt or.separatc; bilt I have founo Rcfl'rriilg to Fig, I, let A repl'cseilt. one of my 
that the ord i'nary forms of continuous current improved molors or transformers, which, 1'01' 

dynamos now ill use may be readily and ehcaply conveniCl'ce, I sball designate a ~'cou \'Cl'tct'," 
adapted 'to mysystClil,OI' nt.i\ized·both 8S con·, whkh consists of an annular core, lJ, wound 
tinllons and nlt,emating current gl.'nerat.ol's with fonr independent coils, C and D, t:IlOse 80 

30 ",Ub bllt.slight ~hang('s JII their constrllction, diametrically opposite being cOllnect,ed to· 
The 11l001e·of.e.fi'ectillg thisforms th~fmhstancp. gether so ~\s to co·operate in pail'S in estnb· 
of TIly.presE>n~l~pp1ication. lisbing (I'ce poles iu the riug, the tendcncy of 

GeneraHy:stllt~d,;the plan pUl'sned uyme ill each pail' being to fix t,he poles at: ninet,y dc, 
carl'yillg,ou-t.-:this:.i'llvent.ion iR. as follows: On grees from tbe ot.her. "l'bcre may bc an al'Dla·8s 

3S the shaft ofn'gi.Y~ll'; gencl'ator, either in pllICe turc, B, within the ring, which is wound wit h 
of or in addition to tbe regqlar commut.ator, coilRclosed upen themselvt's. 'rhe o~i~cL il'l 
[ seeurcus,mnny paIl's' Of insll~atedcollect,ing· to pn.:;.., through coils C D ClllTents offmcl\ 
rings as thel'cal'ecircuits to be formed. Now, relative strengfh and <lit'ection as to prodllce 
it wilkoo'unders't90d, that in the operation of n progt'nssh'c ~hirtil1g Ol' iUO\'emcnt of tht! 90 

40 allY dynul'uo elect.riC{ gel1era,tor the currcutG i::; . pcints cf ulax: luti:n nH'tgn~t!c effect e.ronnd the 
thc coils·in their movement through, the field ring, and t.o thereby maintain a l'otary move· 
of fQ~ce·.ulldergo~9.iffel'ent phases..-tbat is to ment of the armature~ 1 therefore secUl'e to 
8l1y,at:«ifi'erent'pQSitiolls of the coHsthe cur· the sbaft F of the generator four insulated . 
rents havoe .'cer!;aiJ) ,directions and certain contact· rings, a ; cd; lipQ.il which r canse to 9S 

45 st.rengths-and that ill mY'imp'roved motors or beal' -the collect.ing:hruShcS((b· (t fl', connected . 
transformers it is necesSary that·· the currents by ",ir('8 G G H H~'respecti\'cly, . with tlUl. 
in the energiziog·~oils should undergo a eel" terminals of coils C andD. , . . 
tain .ordel' of variations in strengt.h anddirec· Assum~, for sake' ··or ilhlstl'atiO!l; that t,he ' 
tiOD.- Hence, the further step-viz, the COD- coils D 1) are to receive. the maximum and tOO 

50 nection ·between the· jnduced or gener.ating coils C C at the same instant the minimum 
coils of the macbineand the contact·rings from current, so that the polar line may be midway 
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hetween the coils D D, th~ rings a b would tended to forlll continuous portions abc d. ~5 
therefore be connected to the continuous af- The brushes bearing 011 tile continuous por
mature-coil.ut its neutral points with respect tions for taking off thealternatirrg- currente 
to the field or t.he point corresponding with are represellted by a' b' d it'. 'fhe collecting-

5 that of tbe ordinary commutator, brushes, aud brushes, or those which may be used to take 
between which ~xists t.he greatest difference off the direct cumwt,aredesignated by M b1. 70 
of potential, ,while rings c d would Le' con-' Two pairs of the armature - coils, and their 
lJ(~cted to two poiuts in the coil, hetween which cominutat'ors are shown in the figllreas being 
exists no difference of potential. The best re- utilized; but all may be utilized in a similar 

to sulls will be obtf!ined by making these con- ,manner. 
lIections at poil.L eqnidistant fl'om olle an- 'There is another well·known type of ma- 7S 
OUIE'r, as shown. These conllcctious al'e easi- chine in which three 'or Illore coils, A' B' 0', 
<'St -umue by utsing wires'L uetwe-ellthc"rjugs ';>n ,-the armature ha ... ·e" eMnmoll, j&i-ut, ~e 
and the loops or wires J, connecfi og"he coil I freeenus being connected to :the segments of a 

5 to the'segmebts of the commntatof K. When commutator. This form of generator is illus· 
the c~>nverters are made in this manner, it is trated in Fig. 3 .. In this case each terminal 80 
evident that the phases of the CUlTents in the of,the generator is connected. directly 01' in 
secliolls of the generator,coil will be r('pro· derivation to a continuous ring, ab c, and col· 
duced in the co.nverter coils.F01.'exu-rnple, Iect:ing-br.g.ghesa' b' e', bearing thereollitake o.tT 

20 after turning through an arc of ninety degrees the, altttr!latir~' Clirre~ts t~8t. operate tpe mo-
I he (~ondnctors ,L L, which bef(Jl'e conveyed tor. It IS pre(erable In thiS case to. employ ~ 83 
the maximulll current.,. will receive t,he mini- motor, 0.1' transformer with -three energizing-
1Il1lm. current by reason of the change in the Co.ils, .A" B" (J',placed sytillnetri~lly with 
posit.ion of their coils, and it is evident that th'oseof the generato.r, and the circuits fro.m 

25 for the saD,le reason the current in said coils the latter are connected tQ the terminals o.f 
baR gradnally fallen fl'om the maximum to. the ,such coils either' directly-as when they are 90 
minimum in passing tbl'ough the arc of ninety stationarY"7'or by means 'Of brushes e' and con
degrees. In this special pIau of cOllnectiollstact·rings t. In this, as intheo.ther cases; thc 
the rotation of the magnetic poles of the con- ol'ijinarycommntator llll.\ybe us~d o.n the gen-

30 verter will be synchronolls with that o.f the erator, and thecurrellt, takcn fro.m it, utilized 
armature:coils oftbe generator; and the'result lor exciting the genel-ator field-magnets 0.1' fo.r 95 
will he the same, whether the energizing-efr- otherpurp~es. 
cnits are deri vations from a cOl1tinnous arma- 'These examples sel've tQ illustrate the prin
ture-coilo.r from in<1t'pendcnt coils, 'as in my _clple of the inventio.n. It will be observed 

JS previo.us devices. ' ,that in :,uy case-it is necessary on1y to add the 
I have shown in Fig. I, ill dotted lineS, tbe conlinuo.uf;J contact or collecting rings and to 100 

hl'llsiH'S M M in their proper normal position. establish the connections betw~el1thelll an.d 
III practice these brusbesinay be removed the appropriate" coils. , 
frollt the c~mml1tator fi.nd the fielil of the gen- It will be understood that this in\'entio.uis 

40 cmlor eXCIted by ,an external source of cut- applicable to ,other types of :nachin~a..", for 
rent; or the brnslles rnay be allow.ed to remain exam pIe, those by which the iu<luced co.ils 81'e 105 
on the commutator and to take off a converted statio.nary an<ltbr .br.ushes and magnet re
cnrrent .to excite: tb.e field, or to be nsell for volve; but the manner o.f its application is 
other purposes.obvio.us to one skilled in the al't. 

4S In a certain well-k Down class of machi nes Having now describl!d my i llvention, what I 
tlJe armature contains a number of coils the claim is~ 
terminals. of which connect to comlllntator::, .1. The combination, with a convertel"hav
~gments, the coils being connected ac\:oss tb~ ,lug independent energizing-coils,.of a continn· 
armature in pairs. '.rIds "type' of Illachiile is o.llS or Qirect cll,rrent dynamo. or magneto. m.a-

110 

5V represented in Fig. 2. In this machine each chine, and intermediate-circuits pel'manently 
pair of coils goes through the same phases as connected at suitable points to. the induC(:d or 115 

the coils in some of thegeneratol's I have genem.ting coils of the generato.r, as, herein set 
shown, and it is obviously only necessal'y to forth. 
utilize them in pairs or sets to oper'ale one of 2. 'fhe combination, with a COllver~er pro· 

55 my converters by extending tbe segmel)ts of videdwitb independent energizJog·cii:cuitB, o.f 
the cOllllllutators belongiug to each pili l' of ,;l continllous or direct cn,rrentgenerator pro- 120 

coils anu causing a collecting-brush to bear on vided with continuohs co.lIecting - rings con--
the continno!ls portioll of each segmeut. In .nected in der:ivation to. the a.rinature-coils to 
this way two. or more circuits may be taken form the terminals o.f circnitscorresponding 

60. oft from' the generator, each including one or to those o.f 'the converter, as ':berein .set forth. 
, P,lor~'piiirs or sets oh'!oils, as rilay be desired. . NIKOLA TESLA .. 

"':Io'F.ig;' 2 I Irepresen1t'the armature-coils, Witnesses: 
T:T fhe' poles ,of the field- magnet, and F tbe ROBT. F. G AYLl;lRD, 
shaftS!lfl'ying tbe COlumutators, which are ~x- FRANK B. MURPHY . . , ',.' ~" . 
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SPECIFICATION forming part of Letters Patent No. 390,415, dated October 2, 1888. 
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To all wh07n it may concern: The bearings G for the armature·shaft are 
Be it known that I, NIKOLA TEsLA,a subject cast in the side bars, E F. The field-coils are 

oLthe Emperor of Austria,from Smiljan, Lika, either wound on tllC pole·pieces or, preferably, 
border country of Austria-Hungary, now re- wonnd on a form and then slipped on over the 55 

5 siding at New York, in the county and State ends of the pole-pieces. rrue lower part or 
of New York, have invented certain new and I castingissecnred toasuitable base after being 
useful Improvements in Dynamo·Electric l\Ia- finished off. rrhe armature K on its shaft is 
chines and Motors, of which the following is a then mounted in the bearings of the lower 
specification, reference being had to the draw- casting and the other part of the frame placed 60 

co ings accompanyiDg and forming a part of the in position, dowel-pins L or any other means 
same. being nsed to secure the two parts in prop~r 

This invention is an improvement in the position. 
constrnction of dynamo or magneto electric In order to secure an easier fit I cast the side 
machines or motors, the improvement, consist- bars, E F, and end pieces, A TI, so that slots 1\1 65 

15 ing in a novel form of frame and firld·magnet are formed when the two parts are pnt to
which renders the machine more solid and com- gether. 
paet as a structnre, which reqnires fewer parts, rrhis machine possesses many :1<.1 vantages. 
and which involves less trouble and expense For example,I magnetize the cOl'esalternately, 
in its manufacture. as indicated by the characters N S, and it will 70 

2;) The invention is applicahle to generators i be seen that the magnet,ic circuit hetween the 
and motors generally, not only to those which poles of each part, of a casting is completed 
I have described in former patents, and which throngh the solid iron side bars. Tile bear
have independent circuits adapted for use in ings for the shaft are loca,t-ed at the neutral 
my patented alternating current system, hut points of the field, so that the armature·core is 75 

25 to ol,11er continuous or alternating Cllrrent ma- not affected by the magnetic condition of t,he 
chines, such as have heretofore been more gen- field. 
erally used. 1\Iy improvement is not restricted to the use 

In the drawings hereto annexed, which ill us- of four pole-pieces, as it is evident that each 
tmte my improvements, Figure 1 shows the pole-piece could be divided or more than four 80 

30 machine in side elevation. Fig. 2 is a vertical formed by the shape of the casting. 
sectional view of the field·magnets and frame What I claim i8-
and an end view of the armature; and Fig. 3 1. A dynamo or magneto electric machine 
is a plan view of one of the parts of the fmme or motor tile frame of which is huilt up of two 
and the armature, a portion of the latter being castings, each consisting of end plates with 85 

35 cut away. pole-pieces extending inwardly therefrom and 
I cast the field-magnets and frame in two I connecting side bars, as set forth. 

parts. These parts are identical in size and 2. A frame for generators or motors huilt up 
shape,and each consists of the solid plates or of two snperposed castings, each consisting ofa 
ends A TI, from which project inwardly the rectangular frame \yith pole-pieces extending 90 

+0 cores 0 D and the side bars or hridge-pieces, inwardly from its ends, as set forth. 
E F. The precise shape of these parts is 3. A frame and field-magnet for generators 
largelya matter of choice-that is to say, each and motors built up of two rectangular cast
casting, as shown, forms an approXimatelY-\ ings having pole-pieces extending inwardly 
rectangular frame; but it may obviously be from their ends, tile faces of said pole-pieces 95 

45 more or less oval, round, or square without I being curved to afford clearance for the arrna
departure from the invention. I also prefer to tnre and providel1 with energizing·coil~, as set 
reduce the width of the side bars, E F, at the forth. 
centerancl toso proportion the parts that when I NIKOLA TESLA. 
the frame is put together the spaces between '\Yitnesses: 

50 the pole-pieces will be practically equal to the I ROBT. F. GAYLORD, 
arcS which the surfaces of the poles occnpy. FRANK E. HARTLEY. 
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UNITED STATES PATENT OFFICE. 

NIKOliA TESLA, OF NEW YORK, N. Y., ASSIGNOR T€> THE TESLA ELEC'):RIC 
. COl\iPANY, OF SAME PLACE .. 

DYNAMO··ELECTRIC MAcHINE. 

SPECIFICAT,ION forming part oJliettens Patent No. 3'90,'21, dated October 9,1888 • 

.A.ppu;"tI~ 1I1ecUprnil8;l8ea. SerialNo.mt.~. (Nomodel:) . 

To aU Wh07T1t it may conCern: . I allaH describe this in,'ention by r~ference . 
Be it known that I, NIXOLA. TESJ.A., a 8ub· to the diagram dra\ving heret-o annexed. 

ject of the Emperor of/Anstria, fromSmiljan, The gene.rator which supplies the cnrrent . 
Lika, b.or.qcrcountryof Austria·Hungary, now (or operating too motors or transformers COD- 55 

5 residingatNew:York, in the county ariel State sists in this instance of'a subdivided ring or ... 
of New York, have in.cnted certain new ahd annular core wound with four diametrically. 
asefnl Improvements in Electric-G.enerators, of opposite coils, EE'. Within ther!ngismonnted 
wliich the following'is a specification, reference a cylindrical armature-core wound lotigitudi
being had'to thedrawiug accompanying and nally with. two independent coils, F F',tbe. 60 .. 

io forming. a; part of the samc. '.' . ends of which lead, respectively, to two pairs of . 
My present invention relates, chiefly, to the insnlated contact or collecting ring~, D D' G G', 

alternllting-current system in vented . by . me' on thearmature·shaft.· COllecting-brnsb.es cZ 
uod' described in prior patents, notablY Nos: if g g' beal;' apon these rings, respectively, and 
381,968 and 382,280, 9fMaY.l,.188S, in which conveythecnrrents through the two independ- 65 

IS the 'IllotorS' ot .tra1)8formers, Or g{merally the ent line-circuits MM'. In the main line there 
.. converters, at~ operated by a progressi ve shifli: may be included one or more motors 01' trans

iog or movement of t~e.jr magnetic poles pro-' formers. or both. If motors be used, they are 
duced by the co-operative action of independ. constructed in accordance with my invention 
0lit magnetizing-COilS through which pass al· .withindependent·coilsol'sets or coils ,T J', in- 70 

20 tetnating cnrrents in proper order and diree- cluded, respectively, in t,-!e circuits M M'. 
tion. In my said,system, as I have heretofore'l'heseenergizing,eoils are wound on a ring or 
shown, I employed a generatOr of alternating annular field or on pole· pieces ther~n, and 
cnrrents in' which there were independent in· produce by the action of the alternating cnr· 
dnced or generating coils corresponding to the rents passing tb:rough them a.progressive 75 

25 e~ergizing-coilsof the co~verter, and the reo shifting of the magnetism from pole to pole. 
lations of the generator and· converters were The cylindrical armature H of the motor is 

. generaUysuch that the speed of rotation of wonnd with two coils.at right angles, whicb 
th,e magnetic poles of the converter equaled form independent closed circuits. 
that of ·the armature of the generat.or. If transformers be- employed, .~ connect onc 80 

30 To secure the greatesteftlciency, it is necca- set of the·primary colIs; as N N, wound on a 
sllry to rnn the machines at a high speed, and ring or anQular core, to one circuit, as M', BOll . 
this is true not only of those generators and the other primary· coils, N' N', to the cirouit 
motors which are particularly adapted for use M. The secondary coils K K' may then be 
in my.system, but of others. Thepractica· utilized . for ~nnning groops of incandescent 8S 

35 bility of running at .very high speeds, how- la.mps P P'. 
. ever, particularly in the case of large gt'l,lera- With the generator I employ an exciter. 

tors, is limited by mechanical conditions, iu . This consists of. two' poles, A A, of steel per
seeking to avoid which I have devised various manently maguetized~ or of iron excited by a 

, lllaus for operating tbesystem uud~r effiCient.· battery or other generator of continuous cur- 90. 
40 eonditioDa, althonghrunning the generatol'at rellts,andacylindrical-armatnre-core mounted· 

n comparatively low rate of ·speed. . on a.shaft, B, andwonnd with two longitudi" . 
. l\Iy present invention consists of :lUotbcr nal coi1s,C 0'. One end of each of these coils 
way of accomplishing this result, which iriis connected to the coUecting-ringsb c, reep~~ 
certain respects 'present~ mallY advantages. ivcly, while the other euds are both con.nooted 9-5 

45 According to the invention, in lieu of dri·ving to a ring, a. Collecting·brushes~b' c bear on 
tlu: armature of ~he generator ·at a high rate the rings b c,respectively, an4 conductors JJ 
of speed, 1 produce a rotat~on Df the magnetic L convey the c,orrents therefl'om through the 
llOlcsof oncclenlentofthegeneratoranddrivc coils E and 1'1 of tbe generator. L' is a com· 
the other at. 3 different speed, by which simi· mon return-wire to bru~h a'. Two independ. 100 

.so lar results arc obtained to thoae Been red ~y a ent eire.uits are thusforrued, one including 
ranid rot4\tio.n of one of tho clements. coils O..of the c:tc!terand E E of the generator, 
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the oth~r coiJs C' of the exciter and E' E' of Jat a rate ·of speed equal to the sum of .the 
the generator. It results froUl this that the, speeds of the armature and magnetic poles of 
operat.ionoft.he exciter produces a. progressive I the generator, S9 that a comparatively lo,!," 70 

. movement of t,he magneticpole.'! of the annu- speed of the generator·armature will produce . 
5 lar field· core of the generator, the shifting or a high speed in t.he mOtor • 

. ' rotary movement of said poles beingsynch- It will be observed' in ~onnection .with this 
l'onouswith the rotation of theexciter·arma, system that on diminishing the resistance or . 
tura, Considering the operati ve conditlonsof tlie externulcircu. it oithe generator·armata re 75-
a ~ystem thus established, it will befotindthat by checking the speed.ot the motor orbya4d. 

10 when the exciter is driven so. as to energize ing translating llevices in multiple are in til, 
'. the field of the generator' the armature of the secondary circuit or circuits of thetrauslormer 

latte'rfineft free to turn, would rotate at a . the ,strength of the current In thearmatare· 
speed practically the same as that of the ex; circuit is greatly increased. This is due to t.o 80 
citer. If under such· conditions the, coils F· causes: first.,~o the great differences in the 

15 F' of the generator-armature be closed upon speeds of the' motor and generator, and, sec· 
tbemseltes o~ short·ci.rcuited, nocul'rel!ts,' at. ondly, to t~e fact that the apparatus {oUow. 
least theoretically, wlll be generated In ~he the analogyo{ a transformer, tor, in.propor
Said armature·coils. In practice Ih~ve. :ob· tio[} as the resista:nce of the armature or see· 85. 
served t~e presence of Slight currents, the. ex· o~d~rycirCnlts is reduced; the strength or the' 

. 20 istenc~ of which is attributable to more or less cQrrents iu the field 'or p~imary 'circuits of the 
pronou,nQed fhictuations in the inten~ity of th.e generator is iI;tcrea.sed a~d the .currents in, the 
magnetic poles of the generator. ring. . So, if armatu.re augmented correspondingly. For. . 
the a.rmature-coU.s FF'b,e ploaedt~rongb. th.e similar ~onsthe'cu:rren~ in the armature- 90 
motor, the la~ter· wlll not -be turned as long Be coils of the. generator increase ver]' .rapidJy . 

.:l5 the movement,.of the generator.ar~at~re is when the speed of thearmatut"ejsteduoed '",' 
syncbron,ons WIth that of the exciter or of· the when ruuning iii the samcalrection 8., the < 

maguetic poles of ft81l~ld., If, OD. the COJl~ . magnetic poles or conversely. .. . . 
tl'al'Y, ,the sp,ced of the generator~arma~~fe· be . >, It will· be understood fr9~the above, de· 95 . 
in ~ny way checked,so tbat.theehlCtlng O:1".ro, soription.thatthe generator-armature may be 

lO tatton of the poles of the field· becomes rela· .rltn in. the (lil,'ectioli of. the shifting of the mag~ 
t.ively D),Ol'e rapid, currents will be induced,in netic poles, but more rapidly, andthatin such 
th~ armatur~-coils. This 'obviously follows case the· speed of the 'motor will. be eqUal to 
froln the passiug'of the lines of force, acr08S the di1l'erence betweel1t~a ~wo rates.··. '00 

. the armature - cOBductors. The gr~ter~e In manyapplicationstoelectricalconversio.l1 .. 
35sp~ed of ,rotation of tbe magnetic poles ·rela· and oistribution this system poI!8C8Se8 great 

tively to tha~ of the armature th~ more~p· a~vaDtages both in economy., efficiency, and .. 
idly the cU,rrent.s developed iIi the coils of the practicability. '.... ., . . 
latter will' follow one aUQther, and the 'more . What I. claim is- .". . . r05' 
rapidly the motor will revolve, in response 1. Thecombhiationtwjtbanaltern.~ting.cor. 

40 thereto,and this continnes un'til the armato;l;e· rent generator haviqg indepcndent energizing 
'generator is . stopped entirely, ll8 by a brake, o.rfieldand independent iilduoo<LoF arma

when tl}e motor, if properly constructed; runs ture coils, of an alternating - current eXtlter', 
at the same speed with w bieh the magnetic havin~· generating· "or ind~~ed coils c:oyre. £t~. 
pol<;s of the gencrator rotaw._ . spPDdl~gtoandconnected wlththeeoergJZlDg· . 

45 The effective strongtlt of the currents devel- e~il8 of thegenerator,as setforth. ' . 
. ' oped in·the armature-coilll of the gcnerator is - 2. ,!nan alternati.ng.curren~~nera~r, the. 

dependent npon the strength of the currents combipation 'ofthe el~ments named and eo-
. en~rgizilJg· the generator and upon tne nllDl- operatively aIIIociated, in the followil)g man· t 15· 

. ber of rotations. per unit of time of .tb.e mag-~ w~r:.:a field-m~et wound withiiJdependent 
50 n~tic poles of. the generatol'; hence the SPe¢C9ila each connected withe'a source of alternat- .: 

of the motor·armatnre will depend in aU cases ing cnrrents,whereby the magnetic poles pro
upon the relative spe~ds of th~armature ofdu;ced bysai~coilswill'·be.'vrogressi.vely 
the generator and ofltsmaguetl(~poles. .. For .h~tted .. or .movedthtough the field, and an 120' 
example, if the poles are turned tw\) tho~sand. armature-core wounQ with iildepeO(~ent cojls, ' ... 

55 times pcr unit ~f time an~ the armat~re is ~ch :having termill~ls fro.m, which ~urrents· 
turned eight 'hnndred,the motor'wm t~rn are delivered to the md~pendeDt external cir-. 
twelve hundred times, or nearly so. Very CDnS. . 
slight differences of speed may bc indicated by 3. The syste~ of electrical distrlbu~ioli con· 125 
a delicately-balanced motor.· . . . . msting of. thccombination,_·with an alternat. . 

60 Let it now be assumed that power is applied . ing "current gener~...haYing independent ' 
to the generator·armature to turn it in a di· energizing-coils aDGan armature wound with 
rection opposite to that in which its magnetic indcp.endent.in~uced~~~D.al~i'nating. 
P91cS rotate. In such case the result would current eXCiter IJavmg mdnced corre- ISO 
be similar to that produced by a generator the I spomlh!g toand connected with tIle ener . ing. 

65 armature and field· m~gnets of which are 1'0-1 coils of the generator, and one or more el ~, 
tat.cd in opposite directions, and by reason of cal converters having independent indqcing 
these conditions the motor-armahire will turn I or energizing cQils connected with. ~he cone-' 
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sponding s.tm~tnre coBs of the generator, as 
herein set forth. 

4. The corebi natioD, with aD alterna.ting-cnr
-rent generator having a field-magnet wound 

5 with independent energizing - coils and an 
armature ada.pted to be rotated within the 
field produced by said magnet, of an exciter 

having induced or generating coils correspond
ing to and connected with the energizing-coils 
of the generator, asset forth. 

NIKOLA TESLA. 
Witnesses: 

ROBT. F. GAYLORD, 
PA.RKER W. PAGJ!!. 
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NIKOLA 'rESLA, OF NEW YORK, N. Y., ASSIGNOR 'ro THE TESLA ELECTRIC 
COMPANY, OF SAliIE PLACE. 

REGULATOR FOR ALTERNATE-CURRENT MOTORS. 

SPECIFICATION forming part of Letters Patent No. 390,820, dated OCtob31' 9, 1888. 

Applicat.'ion filed Allril :H, 188S. Serial 1\0. 271:G82. (~o mf)(~e1,) 

To all who])u it may concern: its coil become weaker until, by a mo\'ement 
Be it known that I, NIKOLA TESLA, a sub- of the said cor8 and coil through ninety de

ject of the Emperor of Anst,ria, from Smiljan, grees, tbere will be no current delivered. 
Lika, borderconntryof Austria-Hungary, now The construction of this device, broadly, I 55 

5 residing in New York, in the connt,y and State do not claim as of my invention; but this, to
of New York, have invented certain new and gether with the manner of applying and nsing 
11sefl11 Improvements in Regulators for Alter- the same, 'Iyhich forms the subject. of my in
nating-Current Motors, of which the following vention, I will nOTI- explain by reference to 
is a specification, reference being had to the the accompanying drawings. 60 

IO drawings accompanying and forming part of Figure 1 is a view in sille elevation of the 
the same. regulator. Fig. 2 is a broken section OD line 

JUy invention is an improvement ill system::; x x of Fig. 1. Fig. 3 is a lliagram illustrating 
for the electric transmission of power; and it tbe preferred mauner of applying the regu
consists in a means of regulating the speed and lator to onlinary forms of motors, and Fig. 4 65 

IS power of the motor or motors. 'rhe system for is a similar diagram illustrating the applica
use with which the invention is more particu- tion of the l1evice to my i m pl'o,'ed alternating
lady flesignetl is one in which the motors, or cnrrent motors. 
what may be in certain Cai=ieS their equiva- The regulator may be constructed in lllany 
lents-tbeelectricaHransformers-havetwoor ways to secure thc desired result; but in the 70 

20 more independent energizing-circnits, which, best form of which T am now a ware it is shown 
receiving cnrrent from correspondingsonrces, in Figs. 1 and 2. 
act to set np a progressive movement or shift- A represents a frame of iron, a1ll1 I would 
ing of the magnetiC poles of the motors; but here state that the plan which is now invari
the invention is also applicable to other pur- ably followed of dIviding up all iron cores 75 

25 poses, as will hereinafter appear. I eml)loy which arc subjected to the inflnence of alter
the regulator for the purpose of ,'arying the nating currents should be adopted in the con-
speed of these motors. strnctiol1 of this device. 

'rhe regulator proper consists ora forlll of B B are the cores of thl' inducing or pd-
converter or transformer with one element ca- mary coils 0 0, said cores being inr.egral with Be 

30 pable of movement with respect to the other, or bolted to the frame A in any well·known 
w hereby the ind ncti ve relations may be altered, way. 
either manually or automatically,for the pur- D is a shaft lllonntell in the side bars, D', 
pose of varying the strength of the induced anel on which is secured a sectional iron core, 
current. I prefer to construct this device in R, wound v,ith an induccc1 or secondary coil, 85 

35 snch manner that the induced or secondary F,the cOllYolntiolls of 'Thich are parallel wit.h 
element lllay be movable with respect to the the axis of tile shaft. The ends of the core 
other; and the improvement, so far as relates are rounded off, so as to fit closely in the space 
merely to the construct.~on of .the device itself, I between the two poles and permit the core E 
consists, essentially, in the combination, with to be turned. A handle, G, secured to the 90 

40 two opposite magnetic poles, of an armature projecting end of the shaft D, is provic1ell for 
wound with an insulated coil and mounted on I this purpose. 
a shaft, whereby it may be turned to the de- Any means may be employed for maintain
sired extent within the field produced by the I lng the core alld secoll(lary coil in any given 
poles. The normal position of the core of the position to which it is tnrned by tile handle. 95 

45 secondary element is that .in whieh it most The operation or effect of the device will be 
completely closes the magnetic circuit between understood by refercncc to the diagrams illl1s
the poles of the primary element, and jn this trating the manner of its application. 
position its coil is in its most eifecti\'c position In Fig. 3, let IT represent an ordinary alter-
for the inductive action upon it of t.he primary nating-cnrrent generator, the field-magnets of JOO 

50 coils; bnt by turning the movable core to which are excited by a suitable source of cur-
. either side the induced cnrrents c1elivere<1 by rent, I. Let..J designate au ordinary form of 
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electro - magnetic motor provided with an I tion a corresponding impulse in the opposite 
armature, K, commut::1tor L, and field-mag- ' direction; hence portions of the current will 
nets lV1. It is well known that such a motor, neutralize one another. 
if its field-magnets' cores be divided up into As before stated, the mechanical construc-

5 insulated sections, may be practically oper- tion of the device may be grcat,ly varied; but 70 
ated by an alternating current; but in using the essential conditions of the invention will 
my regulator with snch a motor I include one be fulfilled in any apparatus in which the 
element of the motor only-say the armuture- movement of the elements with respect to one 
coils-in the main circuit of the generator, another effects the same results by varying the 

10 making the connections through the brnshes inductive relations of the two elements in a 75 
and the commutator in the usual way. I also manner similar to that described. 
include one of the elements of the regulator- It may also be stated that the core E is not 
say the stationary coils-in the same circuit" indispensable to the operation of the reguJa
and in tIte circuit with the secondary or mov- tor; but its presence is obviously beneficial. 

[5 able coil of the regulator I connect up the 'l'his regulator, however, has another valuable 80 
field-coils of the motor. I prefer to use flexi- property in its capability of reversing the mo
ble conductors to make the connections from tor, for if the coil F be turned through a half
the secondary coil of the regulator, as I there- revolution the position of its convolutions 
by avoid the nse of sliding contacts or rings relatively to the two coils C C and the lines 

20 without interfering with the requisite move- of force is reversed, and consequently the 85 
ment of the core E. phases of the current will be reversed. This 

If the regulator be in its normal position,or will produce a rotation of the motor in an op
that in which its magnetic circuit is most posite direction. This form of regulator is 
nearly closed, it delivers its maximum induced also applied with great advantage to my sys-

25 current, the phases of which so correspond tern of utilizing alternating cur1'ents,in which 9° 
with those of the primary current that the the magnetic poles of the field of a motor are 
motor will run as though both field and arma- progressively shifted by means of the com
ture were excited by the main current. bined effects upon the field of magnetizing-

To vary the speed of the motor to any rate coils included in independent circuits, through 
30 between the minimum and maximum rates, which pass alternating currents in proper 01'- 95 

the core E and coils F are turned in either di- del' and relations to each other. 
recti on to an extent which produces the de- In illustration, let P represent one of my 
sired result, for in its normal position the con- generators having two independent coils, P' 
volutions of coil F embrace the maximum and P", on the armature, and T a diagram of 

35 number of lines of force, all of which act with a motor having two independent energizing- ,00 
the same effect upon said coil; hence it will coils or sets of coils, R R'. One of the cir
deliver its maximum current; but by turning cuits from the generator, as S' S', iucludes one 
the coil F out of its position of maximum ef- set, R'R', of the energizing-coils of the motor, 
fect the number of lines of force embraced by while the other circuit, as S S, includes the 

4:) it is diminished. The inductive effect is there- primary coils of the regulator. The second- IOS 
fore impaircd, and the current delivered by ary coil of the regulator includes the other 
coil F will continue to diminish in proportion coils, R R, of the motor. 
to the angle at which the coil F is turned un- -While the secondary coil of the regulator is 
til, after passing through an angle of ninety in its normal position it produces its maxi-

45 degrees, the convolutions of the coil will be at mum current, and the maximum rotary effect 110 

right angles to those of coils C C, and the il1- is imparted to the motor; but this effect will 
ductive effect reduced to a minimum. be diminished in proportion to the angle at 

Incidentally to certain constructiolls, other which the coil F of the regulator is turned. 
causes may influence the variation in the The motor will also be reversed by reversing 

50 strength of the induced currents. For exam- the position of the coil with reference to the I IS 
pIe, in the present case it will be observed coils C C, and thereby reversing the phases of 
that by the first movement of coil F a certain the current produced by the generator. This 
portion of its convolutions are carried beyond changes the direction of the movement of the 
the line of the direct influence of the lines of shifting poles which the armature follows. 

55 force, and that the magnetic path or circuit One of the main advantages of this plan of 120 

for said lines is impaired; hence the inductive regulation is its economy of power. -When 
effect would be reduced. Next, that after the induced coil is generating its maximum 
moving through a certain angle, which is ob- current, the maximum amount of energy in the 
Yiously determined by the relati ve dimensions primary coils is absorbed; but as the induced· 

60 of the bobbin 01' coil F, diagonally-opposite coil is turned from its normal position the 125 

portions of the coil will be simultaneously in- self-iuduction of the primary coils reduces the 
eluded in the field, but in such positions that expenditure of energy and saves power. 
the lines which produce a current·impulse in It is obvious that in practice either coils C 
one portion of the coil in a certain direction C or coil :E' may be used as primary or second-

65 will produce in the diagonally-opposite por- ary, and it is well nnderstood that their rela- I3C 



tive proportions may be varied to produce 
any desired difference or similarity in the in
ducing and induced currents. 

I am aware that it is not now to vary the 
5 secondary current of an induction-coil by mov

ing one coil with respect to fhe other, and 
thereby varying the inductive relations nor
mally existing between the two. This I do 
not claim. 

re 'What I claim is-
1. The combination, with a motor Laving in

dependent energizing-circuits, of an alternat
ing-current regulator, consisting, essentially, 
of inducing and induced coils movable with 

I,', respect to one another, whereby the strength 
of the induced currents may be varied, the in
duced coils being inclmlec1 in and adapt.ed to 

3 

supply the current for one of the motor-cir
cuits, as set forth. 

2. The combination) with a motor adapted 20 

to be run or operated by alternatiug cnrrents 
and provided witli independent energizing
coils, of a regulator consisting of stationary 
inducing-coils and au induced coil capable of 
being rotated, whereby it may be turned to a 25 
greater or less angle to the primary coils, or its 
position with respect thereto reversed, the in
dncf'd coil or coils being included in and 
adapted to supply the cnrrent for one of the 
motor· circuits, as sot forth_ 

NIKOLA. TESLA. 
,Yitnesses: 

RORT. F. GAYLORD, 
J"RANK B. l\1Ul-~PHY. 
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To all, whom it may concern: of·N iSl-mffieieut. t.o overcome 111(:\ Hprillg 'W 
Be it known tl1at. I, NIKOLA TESLA, of. Smil- and 11m", t.he armature A tmval'd thH magnet 

jan, IAka, Border Conntry of Austria-Hun- N. The heat act.ing upon t.ho armat.ure A 
gat',r, have invent.edan Improvem()nt in'1'her- neutralizeH it.1'I induced magnet.iHIll snfficient.ly 55 

5 mo-Magnet.ic Mot.oI'R, of whieh t.he following for the Rpring W to draw t,lIe armatnre A 
iR a Rpooification. away from t.he magnet. N amI ulRo ft:om the 

It iR well knownt.hnt 11ellt. appliel1 to a mag- heat at-H. The armat.ure now cools, and t.he 
net.i7.ed bodywillleRsen the magnetism, and att.ract.ion of t.hcmagnp{, N ovel'eomes the· 
if the temperat.ul'e is raised !'mfficiently the I'Ipring \"" and drawH t.ho armature A back 60 

10 l~agnet.ism wiHlle neutralized 01' cleRtJ'oyed. again ahove thc 1:nm)()r H,I'IO that the same is 
In my l~re.~eiit. invention I oht.ain mechan- again heat.ed· and t.he operat.ions are re

ical-power by ll. reciprocat.ing action resulting peat-ed. 'rhe l;eeipl'oeating nnrements thus 
from the joint operations of heat, magnetism, obt.ained a.re employed as a S011rce of me
and a spring or weight or other force-that. is ehanical power in any desired manner. Usu- 65 

[5 to say, I subject a body magnetized by in- ally a connecting-rod to a crank upon a fly
duction or otherwise to t·he action of heat un- . wheel shaft, will be .ma<1e use of, as indicat.ed 
til the ma","1letism is sufficiently nentralized in Fig. 10; hnt. I do not limit myself in this 
to allow a weight or spring to give motion t.o respect.. . 
the body and le8..<;en t.he action of the heat, so Fig. 2 rcp!'osent,'l t.he 1'11111\(\ part.s as hefor.e 70 

20 that the magnetism may be snfficiently re- described; Imt: an electro-magnet iF! must.rated 
stored to move the body in the opposite di- in place of a permanent. magnpt. The opera
rootion, and agaiil subject the same to the<1e- t,iOIlH, howev(\I', are the same. 
magnetizing' of 1.he Ileat. In Fig. :1 I have showIl t.he Hallie part;,~ as 

Ill, carrying' out my. invent.ion I alll ahle to in Figs. I awl 2, ouly t.hey al'e differently ar- 75 
25 make use of eit.het' an el ect.ro-magnet. ora peJ'- mllged. The Hl'llULtlll'e A, iust.ead of swing

lIIancnt magnet., and I preferahly <1 ired, t.lw ing, ik Hi ai.iolla!'.r :~Jl(l he1l1 hyan arm, P', anel 
llElnt ngainst n body t.1iat. ismagnet,ize(l hy ill~ t.he ('01'(\ N K of the elect.ro-magnet. is made to 
duet.ion, rat.herthan direct.ly agaInst, n pel'Jlla-· swing witlJi n 1,]1<\ helix Q, t.he saW eore being 
nentmagnet., t.hercby nvoidingthe 1m,s of mag- sllRpendml by the al;m P fl'OlI1 the pivot M, 80 

30 llet.isin that might rosult. in t.he perman mit A Hhield, R, iH eonned.e<l \\'it.h 1,he magnet-core 
. magnet by t,he ac1;ion of hent.. I niso provide and swings thel'ewitll, 1-;0 t.hat 'aft'(n' the heat 

fot' lesseniug t.he volume of tllC heat. 01' fOJ' in- has demaglwt.ized tho al'lnnture A to snch 
t.el'ecpting the. same (hil'ing that pOI-t.ion of 1.ho an extent t.hat. t.hesp!'i IIg 'V <ll'a'l.".s t,}le core 
l'ecipI'oeHt.ion ill wl1ieh t.he cooling act.ion N S awa.y from 1.1Ie.al'mat.111'c A t.ho Hhield R 8S 

35 takeR place.· eomes lle1,ween t.he flame 11 and armature A, 
In t11~ <1I'a)\'il1:""l'\ I have l'eprcRentBd hydia- t.lwmhy int.el'eept.ing t.he act.ion of the heat 

gl'alllR 1-;0111(\ {If t.lw nl1lneJ'OUR arrmlgemellts a1l<1 allowing Ute arllla1m'e to cool, so t.hat. the 
that lIIay 11(\ m:ule lise of ill carl'ying ont my . magnet.iHlIl, agaill preponderat.ing, C'.a.nses the 
inYent.ioll. In nll of thesefigurcH t.he mag- 1Il0Vt11l1Cnt. of the ('ore N S t.owar~l the arm a- 90 

40 llct-poleR al'e 1111l1'ke<1 N S, the armature A, the t.ure A and t.ho removal of the shield R from 
J~l,lnHnn burner 01' ot.her ROlll'Ce of heat II, Ule ahove t.ho flmll<', so t.hat the heat again acts 
:txisof motion M,an<1 t,11Cspringorthcecnliva- t.o lessen ot' lleut.l·alize the magnet,iRm. A 
lentthereof-llamelY,aweight-ismarked\V. rot.ary 01' other movemellt may beohtained 

In Figure 1 thepel'mnnentmagnetN ir-;con- frorii this rceipJ'ocat.ioll. 95 
45 nect~d with a frame, F, supp011iing t.he axis . Fig. 4 eorl'espondR in ('V(wy respect with 

1\1, from whieh the armP hangs, and at tlw Pig. H, except that a permnnent, ho~eshoe
lower end of which tlJe nl'mat.ure A is sup- I magnet, N S, is l'ep]'e~ellted as t.aking the 
pol'te(l. The stoPA 2 an<1..3 li~nit. the extent of place of the eleetro-mag'ncf, in Raid Fig. 3. 

. motion, nnt! the Rpring \V tends to (haw the In Fig. 5 I 11ave Rhown n helix, Q, with an 100 

50 arlllnt.nroA away fl'om t.lwmagl1et N. It iA armntlll'c adapto(l t.o swing toward or from 
now t.o be nnderstood tllat Ute magllet,ism t.he helix. In this case there may be a soft- . 
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iron (lorc in tlw helix, 01' t.he al'lllltt.Ul'e may nrmature it! pivoted at one end to one pole of 
ltt!tlU1ne the fOJ'1II of It l;olenilid-core, thcre he- the magnet and the other end swings toward 

: ing nO,l)(WlIlltllent em'o within t.he lwlix, ( nnd from the other pole of the magnet, 'rhe 
, ,Fig, ij is Iln muI vi(lw, and Fig, 7 a ]lInn npring W aeb! ngainst a lever-arm that pro- 55 

5 view, ill n:4rnl,illg my illlPI'OV<lll\lmt aH ItII}I1ie<1 .iect,R from the al'matum, and the supply of 
to a Awinging tu'lIIlthll'(I, A, Illlll It Htn1.ional'y heat lut!'! to he partly cut off hy a connection 
porllllllwlI1. mngllnt, N H, III thiH inHt.alwe J I to the Hwinging nl'mat,lIrc, 1'10 I\R to leHHcn t.he 
apply UI(\ lwltt, to all Illi x i I im'y Itl'mat.u I'e 01' hent, It(~ting UJlOII thll keeper-pI nUl wll('n the 
ktlojl(1l', '1', wlti(,h iH nd.iltl'(lnt,toatlll pl'l,flll'nhly nrmat.lII'(1 A haH hO(ln attl'lwtcIl, 60 

10 in l1il'(wt ~'ontn(\t; with tho maglld., This ' Fig,!1 iH Hilllilm' to Fig, H, IlXCIlPt. that tlw 
/tI'/lmt,lIl'e '1', in t.\w 1'01'111 of a plate of Hlw<lt... keepel' ''\' is JlO!; IIlIttln UHC of and tho arma
it'OIl, (lxt,mlll" Itnl'OSH ('l'OIll olle pole to the other tUl'C itl'd f' ,"Iwings into and out of the range 
and h~ of HIlIli(,i(mt Hect,iont~l pi'lwtil!nlly form of the i n t,(~nt;(! action of the IHlltt from the 

, It keeper 1'01' the mll.guClt-; HO t,hat, when t,hiH bm'lwl' If,6s 
IS al'Jllntlll'(l 'l' is (~ool IIearly Itll t.lHI lillcs of Fig, 10 iH a dingl'nlll Hi III i1al' to Fig, 1, exeellt 

forco pUHH OV(II' U\(~ HlUlW and vel'y Iit.tle fl'co that in pllll'e of IIAing It Hpl'iug ari<1 ::;tOJlH t.lw 
mnguet.iHm iH (lxllihit.e(l, Then Uwal'mature ItrI'nmt.ure is Hhown fiR eoIlneeUltl hy a link, 12, 
A, wllieh HwingH fl'eely on Uw pivot"! M in to the crank 1:1 of a fly-wheel, 1'10 that. t.he f1y
fl'ont of tho noleH N H, iH ""j,y little atf.t'alltcd wlwel will hc \'(~vol \'ed as t'apitlly itS the al'lIl1t- 70 

20 and t.1w HIlI'iug ,'I pUIlH the Hallie nwny fL'Om tm'(l can be 1\(llttt~(l mill eooletl to t.h(1 ne('CH
tho 1ioltlH iUtAI t.I1I1 l'oHit.iOIl indi(~at(·d in the Hal'y exw.nt, A Hwing IlIay h(' 111'('(1 in atldi
drawi nJ.,"H, '1'11(\ h('ltt. iH Ilit'(leiel\ tlpOU 1;htl,iI'on t,ion, ItH in Fig, 1. 
}llat e '1' itt, HOIIW (liHt at tee fl'OIll Ute magIHlt., 1'10 In I<'ig, 11 t.\w two '/U'lIIat.lIl'I'H A A al'e I~on-
aH to allow Uw lIIaglwt to l)(' kf1llt (Jolll]lura- neet:ed hy It lin k, 1'10 UlIlt oue wiII he h<JILting 75 

25 t.ively (~ooI. 'l'hiH ht'ltt iHaplllied hcneat.h the while the oth()1' iA eo"liug, /LillI t.he at.tl'<tl!t.io/l 
}llltu~ hy IlWIUlH of the hll/;IWl'H H, and thel'e iA exerted to III0VH the ('oolell armat.llI'c iH 
n eOIlUe(lt.ioll fl,(llll thEl arlluthll'O A or its pivot availed of to Ihaw away the heat.ed nl'mntt"'(1 
to tl", gIl.H-~O('k Ij 01' oth(lr device fot' regulat- insteall of uHing a spl'ing. 
ing the heat.. 'rhe lwat acting upon the mid- I have shown in Uw drawingH H(wel'al waYH 80 

30· IHe portion or t.he plate '1', t.he magnetic con- of cnrrying out. Illy invent.ion; hut Raill ill
ductivityof the heated portion is diminished vention isnot limito(l hyany pal't.inl1lar form, 
or <lestroyec:l, nlld a gl'(lat number of the line3 arrangemcnt, 01' constl'twtioll of d(!vi(~es, 
of force are d(lfie('ted over theltrmature A, I claim aA my invcntioll-
whi(lh is now powerfully attracted and drawn 1. 'rhc combination, wit.h It swillging body 85' 

35 into line, ornearlYAo, with the poles N S, In undertheinfluenMof IIlagnntiRm,of a burner' 
so doing the cock {j iM ncarly clol'\ed and the or other source of heat acting to yary the 
plate '1' cools, t.he lines of force are again de- magnetiRm, ,and a tlI)l'ing 01' other power to 
flected ov(~l' the same, the attl'lwt.ion exerted move t.he f!wingillg hotly in the oPJloHitc di
upon t.he Itt'llHthtre A if! djminiHhed, ILnd the I'cctioll t.o t.he nctioll of the maglletislIl, Alih- 90 

40 spring W 1111\11'1 the Hltmll away fl'olll t.he mag- Ktalltinlly as Act, forth, 
llet into the pOHit,ioll Hhown hy filII linCH, and 2. Tll1~eombinaU()ll, wit.h t.wo OI'IIlOI'CUI'IIIIt
t.he operat.iollH Itre 1'f111Oltt.ed, 'I'he ltl'I'ltllge- j,I\I'(\H eOl1ll()nt(~d t~l eaeh ot.h(w, of lIIaglleto!'! t~l 
meut.Altown in Fig" Ii hits the a(l\'alltageH t.hat, illfillen('p. Huch al'matlll'(lS, 1U1I1 l)\\I'Il<lI'H of' 
the mngnet and al'IItnt.nt'(1 ftI'e kept cool allll Ot.1Wl' AOI\l'CCH of hnat, to vltI'y the lIIaglletit~ 95 

45 the strengt.h of t.he pm'lllallent. magnet.'iK bet- netioJl and Cf\.I1He the /tI'nmhll'(\H to move,Hub-. 
tel' preserved, aH the magnet.ie eil'(luit iR 0011- Htlln t.i ally as Ret forth, ' 
!ltantly closed, Higllctl hy 111(1 this :!!ith tlayof March, 18Hij, 

In the plnn view, Fig, 8, I have Hhown It NIKOLA 'l'ESLA, 
permanent mngnetal1ll k(\epel'-plat.e, '1', simi-, WitnmlHllH: 

50lal'to thoRe in Figs, (j and 7, wit.h Ow burn- HEO. '1', PINCKNEY; 
erf! H for t.he gaH heneat.h Ule sallie; hilt. the WALLACE L, HERRELl" 
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:1'0 edt whom it mn?! concan: I nations })l'orlllcec1pcr l'eYolntioll of thegenel'-
Be it knmYl1 that I, NIKOLA TERLA, a sub- ntor. Its actualspee(l, therefore, maybefastcr 

.iect of the Emperor of Austria, from Smiljan, . 01' slower than that of the genCl'atOl'; but it i:> 55 
Lika, border country of Austria-Hungary, anc1 . said to be syncltronom; so long aEi it preseryos 

5 l'eEiic1illg at :;\ ew 1:01'k, in tho county and State' tho sallle relative speec1. 
of New York, haye illvented certainne,y and In canying out my inyeution I construet a 
llsefulImpl'oYements in)[ ethods of Operating motor ,yhich has a strong tenclency to synch
Electro-Magnetic Motors, of which the fo11o\yo rOllism with the [!:eneratnr. The cOllstruc- 60 
ing is a specification, reference being hall to tion which I pre1'o;' for this is that in which 

10 the drawings accompanying am1 forming a tho arlllatl1l'e is proYi(lecl with polar pl'Ojoc-
IJart of the same, tions. The field-magnets are wound with two 

As is well known. certain forms of altern at- sets of coils, the terminals of ,\"hich aro con
ing-current mHchin"es lJaye tho pJ'opel't)', when nectec1 t.o a s,yitch mechanism, by means of 65 
oonnect.ec1 in cil'f;l1lt wit.h an nitel'llating-oul'- which the lino-el1l'l'ent.l1lav l)e canie<l (1il'oetly 

IS rent generator, of rL1llning as a motor in syu- through the said coils 01: indirectly throngIt 
chl'onisJl1 thol'owith; lmt,whilo the alternating paths by which its phases are modified. To 
cnrrent will run the motor after it has attaine(1 stal't snch a motor, the switch is turned onto 
a rate of speed synchronous with that of t.he a set of contacts which includes in one motor- 70 
generator, it ,\'illllot start it. Hence, in all eircuit a dend resistance, in the other an in-

20 instances hel'etoforo where thpse "sYllchl'o- ' dl1ctive resistance, and, the two circnits being 
ni;r,ing-motOl's," as they are termed, have been in derivation, it is obvi01ls thnt the <lifference 
run some means haye been ac10ptcll to ]Jl'ing in phase of the ClllTent in snch ei1'cuits will 
the moto]'s up to synchronism with the gen- set up a rotation of the lllotor. ,YhOll the 75 
orator, 01' appl'oximately so, before the altpr- speed of tlw motol' has thus beon bronght to 

25 nating currollt of the generator is applio(l to the desired rate, the switch is shifted to throw 
drive them. In some instances mechanical tho main cnrrent directly tlu'oll!?:h the 1110t01'
appliances ]mye been utili;r,ed for this pnr- circuits, and although the cUl'{:on ts ill both 
pose. In onw)'s spocial and complicatec1fonl1s circuits will now be of tho same phase the So 
of motor have been consinwted. I haye {Iis- motor will continue to ]'e\'oln:, becoming a 

30 coYe)'ec1 a much mo]'e silllple methoc1 or plan true synchronous motor. To secure groater 
of operating synchronizing-motors, ,v11ich re- ei'ficiency, I wind the annahll'O or its polar 111'0-
quires practically no othe]' apparatus than jections with coils closed on thOlllselves. 
the motor itself. In other words, by n cer- There are various modifications and impor- 85 
tai11 change in the circuit-connections of the tant featuros of this method or plan; but the 

35 motol' I convert it at will from a donble-cil'- main principle of the im'ontion ,1'il1 he l11Hler
cHit mot01', OJ' s11ch as I have described in stood from tho foregoing. 
prior patents and applications, and 'I'hicll will In the drawings, tn which I llOW refo]', I 
start under tho nction or an altel'l1ating Cllr- luwe illustrated lly the (liagl'allls the general 90 
renjj into a synchrol1i;r,ing-lllotor, or one which features of cOllsimdioll HIl(1 opemiioll whielt 

40 will be l'IJ1l by the gellemtor only ,rhen it has distinguish lllY illY(,llti(l1l, Figme 1 being' 
reached a certain speed of rotation synchro- dra\rll to illnstJ'nte tl11: details 01' the pIal] 
nons with that of the genemtor, III this aboye set forth, amI Figs. ::! awl:} lllo(lifiea
manner I am enabled to >,ory greatly extend tions of tho sailH'. 
the applicatiom; of my s?stom awl to secure Ileforl'ing to Fig. I, lot ,A designate the fiohl-

45 all tho a.c1yalltages of both forms of altel'llat- magnets of a motor, tho polm' projections of 
ing-current motor. ,yhich are wounel ,yjth coils B (' included in 

The expression "synchl'onous with that of independent circnits, and D the armature 

95 

the generator," is use(1 herein in its ordinary with polar projections ,YOUl](l ,\'ith coils E 100 

acceptation-that is to say, a motor is said to closed upon themselYes, the 1ll0t01' in theso 
50 synchronize ,dth the genera.tor when it pl'e- respects being similar in eOllstl'nctioll to those 

serves a cortain l'olatiyo speel1 detormined by descl'ibed in my pa,teni, K o. 382,:?7D, elated 
its JHlmbr)' of j)ol(~s aJHl tho lllllllbol' of alter- May 1, 1888, bnt haYing, by ]'('ftf'01I of the 
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polar pl'ojections on the al'mature-core or 
other similar and well-known features, the 
properties of a synchronizing-motor. 

L L' represent the conductors of a line from 
5 au alternating-current generator G. 

Neal' t.he motor is placed a switch the ac
tion of which is that of the one shown in the 
drawings, which is constructed as follows: F 
F' are two conducting plates or arms, pivoted 

10 at their ends and connected by an insulating 
cross-bar, II, so as to be shifted in parallel
ism. In the path of t.he bars F F' is the con
tnct 2, which forms one terminal of the cir
cuit through coils 0, and the contact 4, which 

15 is one terminal of the circuit through coils B. 
The opposite end of the wire of coils ° is con
nected to the wire L or bar F', and the corre
sponding end of coils B is connected to wire 
L' and bar F; hence if the bars be shifted so 

20 as to bear on contacts 2 and 4 both sets of 
coils B ° will be included in the circuit L L' 
in multiple arc or derivation. In the path of 
the levers F F' are two other contact-termi
nals, 1 and 3. The con~act 1 is connected to 

25 contact 2 through. an artificial resistance, I, 
and contact 3 with contact 4 through a self
induction coil, J, so that when the switch-le
vers are shifted onto 'the points 1 and 3 the 
circnits of coils Band ° will be connected in 

30 multiple arc or derivation to the circuit L L', 
and ,,,ill include the resistance and self-in
duction coil, respectively. A third position 
of the switch is that in which the levers F and 
F' are shifted out of contact with both sets of 

35 points. In this case the motor is entirely out 
of circuit. 

The purpose and manner of operating the 
motor by these devices are as follows: The 
normal position of the switch, the motor be-

40 iug out of circnit, is off the contact-points. 
Assuming the generator to be running, and 
that it is desired to start the motor, the switch 
is shifted until its levers I'est upon points 1 
and 3. The t.wo motor-circuits are thus con-

45 nected with the generator-circuit; but by rea
son of the presence of the resistance I in O:le 
and the self-induction coil J in the other the 
coincidence of the phases of the current is 
disturbed sufficien tly to produce a progression 

50 of the poles, which starts the motor in rota
tion. -When the speed of the motor has run 
up to synchronism with the generator, or ap
proximately so, the switch is shifted over onto 
the points 2 and 4, thus cutting out the coils 

55 I and J, so that the cnrrents in both circuits 
have the same phase; but the motor now runs 
as a synchronous motor, which is well known 
to be a very desirable and efficient means of 
converting and transmitting power. . 

60 It wi~l be understood that when brought up 
to speed the motor will rnn with only one of 
the circuits B or ° connected with the main 
or generator circuH, oj' the two circuits may 
be connected in series. This latter plan is 

65 preferable when a ClU'rent having' a high 
number of alternations per ll11it of time is em
ployed to drive the motor. In such case the 

starting of the motor is more difficult and the 
dead and ind nctive resistances must take up a 
considerable proportion of the electro-motive 70 
force of the circui ts. Generally I so adj ust the 
conditions that the electro-motive force used 
in each of the motor-circuits is that which is 
reqnired to operate t.he motor when its cir
cuits are in series. The plan which I follow 75 
in this case is illustrated in Fig. 2. In this 
diagram the motor has twelve poles and the 
armature has polar projections D wound with 
closed coils E. The switch used is of sub
stantially the same construction as that 80 
shown in the previous figure. There are, how
ever, five contacts, which I· have designated 
by the figures 5,6,7, S, and 9. The motor-cir
cuits B 0, which include alternate field-coils, 
are connected to the terminals in the follow- 85 
ing order: One end of circuit ° is connected 
to contact 9 ann to contact 5 through a dead 
resistance, 1. One terminal of circuit B is 
connected to contact 7 and to contact G 
through a self-induction coil, J. The oppo- 90 
site terminals of both circuits are connected 
to contact S. 

One of the levers, as F, of the switch is made 
with an extension, j, or otherwise, so as to 
cover both contacts 5 and G when shifted into 95 
the position to start the motor. Itwill be ob
served that when in this position and with 
lever F' on c011tact S the current divides be
tween the two circuits B 0, which from their 
difference in electrical character produce a 100 

progression of the poles that starts the motor 
in rotation. When the motor has attained 
the proper speed, the switch is shifted so that 
the levers cover the contacts 7 and 9, thereby 
connecting circuitsB and ° in series. I have 105 
found that by this disposition the motor is 
maintained in rotation in synchronism with 
the generator. This principle of operation, 
which consist.s in converting by a change of 
connections or otherwise a double-circuit mo- 110 

tor or one operating by a progressive shifting 
of the poles into an ordinary synchronizing
mot.or may be carried out in many. other 
ways. For instance, instead of 11sin g the swi tch 
shown in the previous figures, I may use a 115 
temporary ground· circuit between the gen
erator and motor, in order to start the motor, 
in su bstantiallythe manner indicated in Fig. 3. 
Let G in this figure represent an ordinary 
alternating-current generator with, say, two 120 

poles, 1\1 M', and an armature wound with 
two coils, N N', at right angles and connected 
in series. The motor has, for example, foul' 
poles wound with coils B 0, which are con
nected in series and an armatur.e with polar 125 
projections D wound with closed coils E E. 
From the common joint or union between the 
two circuits of both the generator and the 
motor a,ll earth - connection is established, 
while the terminals or ends of thesaidcil'cuits 130 

are connected to the line. Assuming that 
the motor is a synchronizing-motor or one 
that has the capability of running in synch
ronism with the generator, but not of stal't-
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ing, it may bo stal'ietl by the allOyo-c1esel'iboc1 I (10 not claim herein of itself the method 
apparatns 1),Y closing the gl'Ollll(l·conllection of 01' apparatus [01' operating it motor whieh 
from both generator awl motol', The systelll forllls It 1):11'1, of this im"onlion aUll which ill
thus becomes one with it two-drcuit genera- yolves the principle of vaJ'ying or modifying 55 

5 tor and motor, the groum1 fOJ'ming a common the (,111'1'ents passing thl'Ough the energizing
J'etul'll for the currents ill the tm) eircuits L circuits, so as to produce botween snch cur
and I/, \Yhen by this arrangement of .dr- rents a (1ifference of phase, as these mattcrs 
cnits the motor is brought to Slwoc1, the are described and 01aimo(1 by me in oth~r ap
groUlul-cOlllloction is broken botween the mo- plications, but with tho object of socurillg, 60 

10 tor oj' generator, O1'])ot11, and ground, s\yitches broadly, the method as a whole which I 11a\"o 
PP' being omployed fo], this purposo, The herein set f01'th, 
motor then runs as a synchronizing-motor, \\'hat I claim is-

In describing those features which oOl1sti- 1. The meth()(l of opel'Hting all alte1'llating-
tute llIY iUYelltioll I haye omitted illustrations current motor herein llescrihed by first pl'O- 65 

IS or the' appliances used in con,junction \"ilh gressiYl'ly shifting Ol' l'otating its poles 01' 
tho electrical devices of similar systems- points of greatest attractiol! amI the11, ,yhCll 
snch, for im:tanco, as e11'i Ying-belts, tixed ancl the moto]' has attained a given speefl, altol'-' 
100so pulleys for the motor, and the liko; bnt nating the said poles, as desoribed, 
these are matteI'S well understood. ~, The method of operating an eleetl'o-mag- 70 

20 In desoribing my invention by l'efo]'ellee to netic motor herein c1escribec1, ,,"hich consists 
specific constructions I do not wish to be l1U- in passing through inc1epem1ent onergizing
(lerl"tooc1 as limiting myself to the Clll1strnc- circuits of thl' motor alternating cunellts c1if
tions shown; and in oxplanation of my i11- fering in phase and then, ,,-hen the motor has 
tent in this respoct I would say that I may in attained a gh"eu spoed, altel'l1ating currcnts 75 

25 snch forms of apparatus as I hayo sho\yn in ('oineic1ing in phase, as c1esoribocl 
}'igs, 1 and ~ include the dea(ll'esistance and 3, The method of operating an electro-mag
self-induction coil in either circuit, 01' use netic motor herein doscribod, which consists 
only a (lead resistanco 01' a seH-ilHlllction in starting tho motor by passing altel'l1ating 
ooil, as in the Yal'ions \mys ShOlyn in my ap- OU1'rents differing in 11haso through inc1epe1Hl- 80 

30 plication, ::;;0, :!!liJ,05:!, filed Decem bel' 8,1888, ent onel'g,izing-circuits and then, ,yhen the mo
l lllav also use anI' f01'111 of switoh. whether tor has attained a given speed, joining the o.n
manlwl OJ' antomatic, ihat will by its manipu- orgizing-oircnits ill series awl passing an al
lation or operation effect the required change temating current through the Salm:. 
of connections, and in OJ'cler to secure the -1, The method of operating a sYlIchroniz- 85 

35 necessary (lii'fel'enoe of phase in the two 1ll0- ing-motor, which consisti': in passing an a1tOl'
tor-circuits on starting I may employ any of nating current through independent enel'giz
the kllOlYll menlli': fol' tltis purposo. iug-circuits of the moLor and introducing into 

I believe that I am the first to operate elec- such circuits a resistance and self-induction 
tl'o-lllagnetic 1ll0tOl'S by alternating curronts coil, ,yhereby a difference of phase bet\VeOll 90 

40 in any of the \yays herein suggestec1 01' c1e- tho currents in the circuits will he obtainelt 
scribed-that is to say, hy producing' a pro- and then, when the speed of the motor synch~ 
gressiYe 1ll0yement 01' l'otation of their poles l'onizes \"jth that of tho generator, Iyith-
01' points of g'l'eatost mag'netic attraction by drawing' the l'('sistance am1 seH-imlneti(lll 
tho altel'llating cUlTents until thoy 11<wO coil, as set forth. 

45 J'oached a gi ven spoee1, amI thon by the same: 
01ll'~'onts prO(111ying a simple altel'llation ?f i 
th01I' polo:", 01', III other w01'(ls, by a change III 

tho order 01' character of the ci1'cuit-co11neo
tiCHlS to couvert rt motor operating on 011e 

50 principle to one Ollel'ating,' on another, for tho 
pnl'po:-.<e (1 osorilw( 1. 

\Yitnessos: 
GEO, ::\[. MoxJ(o, 
\\'M, IT, T,K\lOX, 
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U~N!TED ST ATES PATENT OFFICE., 

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO rrI-IE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ELECTRO-MAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 405,858, dated June 25,1889. 

Application filed January 8,1889. Serial No. 295,745. (No model.) 

To all Wh071b it 71bal/ concel'n: lone another, are magnetized simultaueously, 
Be it known that~I, Nm:oLA 1'ESLA, from or approximately so, by the same currents. 

Smiljan, I,ika, border country of Austria- This prineiple of operation I have embodied 
Hungary, a subject of the Emperor of Ans- practically in a motor in which I obtain the 

5 tria, residing at New York, in the county and necessary angular displacement between the 55 
State of New York, have invented certain points of greatest magnetic attraction in the 
new and useful Improvements in Electro- two elements of the motor--the armature and 
Magnetic Motors, of which the following is a field-by the direction of the lamination of the 
specification, reference being had to the c1raw- magnetic cores of saic1 elements, and the best 

10 ings accompanying and forming a part of the means of accomplishing this result of which 60 

same. I am at present aware I have shown in the 
In order to define more clearly the relations accompanying drawings. 

which the motor forming the subject of my Figure 1 is a side view of the motor with a 
present application bears to others of the portion of its armature-core exposed. Fig. 2 

[5 class to which it pertains, I will recapitulate is an end or edge view of the same. Fig. 3 is 65 
briefly the forms of alternating-current mo- a central cross-section of the same, the ar111a
tors invented by me and described more in ture being shown mainly in elevation. 
detail in my prior patents and applications. Let A A designate two plates built up of 
Of these there are two principal types or thin sections or laminm of soft iron insulated 

20 forms: first, those containing two or more en- more or less from one another and held to- 70 

ergizing-circuits through which are caused to gether by bolts a or any other suitable means 
pass alternating currents differing: from one and secured to a base B. The inner faces of 
another in phase to an extent sufficient to these plates contain recesses 01' grooves in 
produce a continuous progression or shifting which a coil or coils D are secured obliquely to 

25 of the poles or points of greatestmagneticef- the direction of the laminations. vVithin 75 
fect, in obedience to which the movable ele- the coils D is a disk E, preferably composed 
ment of the motor is maintained in rotation; of a spirally-wound iron wire or ribbon or a 
second, those containing poles or parts of dif- sfjries of concentric rings and mounted on a 
ferent magnetic susceptibility, which under shaft F, having bearings in the plates A A. 

30 the energizing influence of the same current or Snch a device when acted upon by an alter- 80 
two currents coinciding in phase will exhibit nating current is capable of rotation and con
differences in their magnetic periods or stitutes a motor, the operation of which I ex
phases. In the first class of motors the torque plain in the following manner: A current or 
is due to the magnetism established in dif- current-impulse traversing the coils D tends 

35 ferent portions of the motor by currents from to magnetize the cores A A and E, all of 85 
the same or from independent sources, and which are within the influence of the mag
exhibiting time differences in phase. In the netic field of the coils. The poles thus es
second class the torque results from the en- tablished would naturally lie in the same line 
ergizing effects of a current upon parts of at right angles to the coils D, but in the plates 

40 the motor which differ in magnetic suscepti- A they are deflected by reason of the diree- 90 
bility-in other word s, parts which respond to tion of the laminations and appear at or neal' 
the same relative degree to the action of a the extremities of said plates. In the disk, 
current, not simultaneously, but after dif- however, where these conditions are not pres
ferent intervals of tirne. In my present in- ent, the poles or points of greatest attraction 

45 velltion, however, the torque, instead of being are on a line at rigllt angles to the plane of 95 
solely the result of a time difference in the the coils; hence there will be a torque estab
magnetic periods or phases of the poles or at- lished by this angular displacement of the 
tractive parts to whatever cause 'clue, is pro- poles 01' magnetic lines, which starts the disk 
duced by an angular displacement of the in rotation, the magnetic lines of the armature 

50 parts which, though movable with respect to and field tending toward a position of paral- 100 
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lelism. This rotntion is continued and main
tained by the reversals of the current; in coils 
D D, which change alternntely the polarity 
of the field-cores A A. This rotary tendency 

5 or effect will be greatly incl'easo(l by winding 
the disk with conductonl G, closed upon them
selves and having a radial direction, whereby 
the magnetic intensity of the poles of the 
disk will be grently increased by the energiz-

10 ing effect of the currents induced in the coils 
G by the alternating currents in coils D. The 
plan of 'Yimling and the principle of opera
tion have been fully explained in my patellt, 
No. 382,270, of ]Hay 1,1888. 

IS The cores of the disk and field mayor may 
not be of different magnetic susceptibility
that is to say, they lllay both be of the same 
kind of iron, so a:'; to be magnetizcd at ap
proximately the same instant by the coils D; 

20 or one may be of soft hon and the other oJ: 
hard, in order that a certain time may elapse 
between the periods of their magnet iza1:io11. 
In either case rotation will be pl'oduce(l; but 
unless the disk is pl'oYi(lc(l with the closed 

25 energizing-coils it is dcsirable that the aboye
described difference of magnetic sllscepti
l)ility be utilized to assist ill its rotation. 

The cores of the field amI armature ma y be 
made ill YariOliS ways, as will be weU un'(ler-

30 stood, it being ollly requisite that the lamina
tions in each be in such direction as to secure 
the necessary angular c1isp lacolllen t of the 
points of greatest attraction. 1\1oreover, since 
the disk may be considered as malle up of an 

35 infinite lllllll bel' of ra(1iaJ arms, it is obvious 
that what is true of a rl isk holds, umler we11-
understood cOlHlitions, for many other forms 
of armature, and my invention in this respect 
is in no sense limitocl to the speci fic fOJ'!Il of 

40 armature shown. 
It will be understood that the specific \yays 

of carrying out this invention are almost with
out number, and that, thel'efOl'e, I do not limit 
myself to the precise for111 of motor which I 

45 have herein shown. 
I be1ieye that I am the first to produce 1\)

tation of an armature, at least snch as coulc1 
be utilized for any general or practicable pur
poses, by me:11lS of an alternating current pass-

50 ing through a single eoil or several coils act
ing as one, alld which have a (11l.'eCl magnet
izing ef!'ect npoll the ~Ol'es of both armature 
all<1 field, amI this I claim in its broadest sense. 

I [luther belieye that I am the first to i lll-

part directly, by means of all alterw1ting cur- 55 
rent, magnetism to the cores 01' the two ele
ments of a motOJ', and by the (lirection 01' the 
lamination of one or both of the same to 1ll'0-

llnce an angular (lisplacementof the 1101es 01' 

lines of magnetie force of the corN', respect- Go 
11' ely. 

-What I thm'efore claim is-
1. An electro-magnetic motor consisting of 

afield-magnet, a rotary armatlll'e, and a. sin
gle coil adapte(l -t,o be connected to a source 65 
of alternating Cl1l'1'euts and to impart magnet
ism to both the al'lnatnre and tbe fielel-magnet 
with angular displacement of the maximulIl 
points, as set forth. 

2. In an electro-magnetic moto]', the combi- 70 
nation, with a coil adapted to be cOllnectell 
with a, source of alternating currents, of a 
field-magnet awl ],otary nrmatlll'e the cores 
of which arc in such relatioll t.o the coil as 
to be energi~ed thereby and subdiyic1e(1 01' 75 
laminated ill such mmliler as to prod lice an 
anglilal' displaeement of their poles or t.he 
magnet,ic lines therein, as set forth. 

il. In all electro-magnetic motor, tlle combi
nation, with a coil adapted to be connected 80 
\ritll a somc('of alternatillgeUl'l'ents, of Helll
magnets with laminations lying obliquely to 
the plane of said coil and a circular or disk 
armature mounted to rotate between the field
magnets, both JieW and armature being lllHler 85 
the magnetizing influence 0[ the coil, as set 
forth. 

'1. In an electro-magnet-ie lllotor, the combi
nation, wi th a coil adapted to be connected 
with a source of altel'11ating eUl'l'enis, of iielll- 90 
magnots with laminations lyillg obliquely to 
the plane of the coil H1Hl a cit'eular oj' disk 
annatul'e with spil'al OT concelltTic lam illa
tions lllOunted bet,,'een the field-magnets, both 
field and armature beillg' lIndo]' tho magltet- 9.3 
izing influence of the coil, as set forth. 

5. In an eloei;l'o-magnetic moto]', the eOllll)i
nation, with it coil adapted to be C0J111eete(l to 
a SOllrce of alternating Clll'1'ellts, of it iielc1-
magnet. and a rotary armature; with closed roo 
eoils thoreau, both the fiold and. the al'lllatu 1'0 

bei ng under the magnet.izing ill f111ence 01' said 
coil Hn<llamillate<l to ]ll'o(luoe all anglllar c1is
plneement oj' the poles Qf the t\\'() coref-;. 

NII\:OLA TESLA. 
Witnesses: 

EDWAHD '1'. E\'ANS, 
GE:OJWg N. lIrONlw. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

METHOD OF ELECTRICAL POWER TRANSMISSION. 

SPECIFICATION forming part of Letters Patent No. 405,859, dated June ;35, 1889. 

Applioation filed Maroh 14, 1889. Serial No. 303,251. (No model.) 

To all whO]f1J it may concern: 
Be it known that I, NIKOLA TESLA, a sub

ject of the Emperor of Austria, from Smiljan, 
Lilra, border country of Austria-Hungary, re-

S sWing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Methods of Electrical 
Power Transmission, of which the following 
is a specification, reference being had to the 

[0 drawing accompanying and forming a part 
of the same. 

'fhis application is for a specific method of 
transmitting power electrically, shown and 
described in, and covered broadly by the 

15 claims of, an applicat.ion filed by me February 
18, 1889, No. 300,220. 

As is well known, certain forms of alternat
ing-current machines have the property, when 
connected in circuit with an alternating-cur-

20 rent generator, of running as a motor in syn
chronism therewith; but., while the alternating 
current will run the motor after it has at
tained a rate of speed synchronous with that 
of the generator, it will not start it; hence, in 

25 all instances heretofore where these" syn
chronizing motors," as they are termed, have 
been run, some means have been emplo) ed to 
bring the motors up to synchronism with the 
generator, or approximately so, before the 

30 alternating current of the generator is applied 
to drive them. In some instances mechanical 
appliances have been utilized for this pur
pose. In others special and complicated 
forms of motor have been constructed. 

35 My present invention is an improvement in 
methods of operating these motors and in
volves a new and improved plan of bringing 
the motor up to the proper rate of speed, that 
it may be run in synchronism with the gen-

40 eratoI'. 
'fhe expression" synchronism with the gen

erator" is used herein in its ordinary accepta
tion-that is to say, a motor is said to syn
chronize with the generator when it preserves 

45 a certain relative 'speed determined by its 
number of poles and the number of alterna
tions produced per revolution of the gener
ator. Its actual speed, therefore, may be. 
faster or slower than that of the generator, 

50 but it is said to be synchronous so long as it 
preserves the same relat.ive speed. 

In carrying out my present invention I con
st.ruct a generator with t.wo coils or sets of 
coils and a motor with corresponding energiz
ing coils or sets of coils. By means of two 55 
line-wires one terminal of each generator-coil 
or set of coils is connecteel to one terminal of 
its corresponding motor-coil or set of coils, 
while the opposite terminals of the generator
coils are joined together and likewise those of 60 

the motor. 
To start the motor I esLablish temporarily 

an electrical connection between the points of 
connection between the coils in the generator 
and those in the motor, so that the system 65 
becomes an ordinary double-circuit system 
.identical with that described in my patent, 
No. 390,413, of October 2, 1888, except t.hat the 
generator and motor are constrncted in any 
well-known way with a strong tendency to 70 
synchronize. vVhen by this plan of connec
tion the motor Ips at.tained the desired speed, 
the earth- .connection is severed, by which 
means the system becomes an ordinary single-
circuit synchronizing system. 75 

In the drawing I have illustrated this 
method by a diagram. 

Let G represent an ordinary alternating-cur
rent generator having four field-poles A, per
manently or artificially magnetized, and an 80 
armature wound with two coils C connected 
together in series. 

Let:M represent an altel'llating-cul'l'ent mo
tor with, say, four poles D, the coils on which 
are connected in pairs and the pairs connected 85 
in series. The motor-armat.ure should have 
polar projections and closed coils E. 

From the common joint or union between 
the two coils or sets of coils of both t.he gen
erator and motor an earth-connection F is es- 90 
tablished, while the terminals or ends of the 
said coils or circuits which they form are con
nected to the line-conductors II II. 

Assuming that the motor is a synchronizing 
motor, or one that has the capability of run- 95 
ning in synchronism ·with the generator, but. 
not of starting, it may be started by the above
described plan by closing the ground-connec
tion from both generator and motor. The 
system thus becomes one with a t,vo·circuit 100 

generator and motor, the ground forming a 
common return for the currents in the two 
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,vires II H. InlCn by this arrangement of /motors herein describ()(l, wh icll consists in 
circuits the motor is bronght to speell, the electrically connectillg interlllediate points of 20 

ground-connection is broken between the gen- the inducing-circuit of the generator awl the 
erator or motor or both and ground, switches energizing-eircnit of the motor uutil the motor 

5 K Ie being employed for this purpose. The has reached a desired speec1 and then illtel'-
motor then runs as a synchronizing motor. rnpting such connectioll, as set forth. 

This system is capable of various useful ap- 2. The method herein c1eseribec1 of starting 25 
plicatiolls w11ieh it is not necessary to describc or operatillg synehl"olliJlillg motors, which COll-

in detail; but it will be enough to say that the sists in electrieally connecting intermediate 
10 convertibility of the system from double cil'- points of the inducing-circuit of the generator 

cuit to single circuit is a feature in itself of and the energiJling-circuit of the motor to 
great value and utility. em·th uutil the motor has rcached the llesil'ed 3

0 
I do not wish to be understood as confinillg Rpeecl and thcn intOlT111)tillg either or both of 

myself to the precise arrangement Or order of tho gl"ol111(l-eol1llectiol1s, as set forth. 
15 connections herein set forth, as these may l)e NIKOJ~A ')'ESLA. 

obviously varied in many respects. IYitnesses: 
IYhat I claim is-- EDWARD '1'. EVANS, 
1. The metllOll of operatillg' synchl'ol1 iJlillg K C. UPSTILL. 
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To nZZ wh07iu it mny concern: 
Be it known that I, NIKOLA TESLA, from 

'Smiljan, Lika, border conn try of Austria
Hungary, a subject of the Emperor of Austria, 

5 and a resident of New York, in the conntyand 
State of New York, have invented certain new 
and useful Improvements in Dynamo or Mag
neto Electric Machines, of which t,hefollowing 
is a speoification, reference being had to the 

10 accompanying drawings. 
This invention relates to that class of e1ec

trical genertttors known as "unipolar," in 
which a disk or cylindrical conductor is 
mounted between magnetic poles adapted to 

IS produce an approximately-nniform field. In 
the first-named 01' disk armature machines the 
cnrrents induced in the rotating conductor 
flow from the center to periphery, or con
versely, according to the direction of rotation 

20 01' the lines of force as determined by the 
signs of the magnetic poles, and these currents 
are taken off usually by connections or brushes 
applied to the disk at points on its periphery 
and neal' its center. In the case of the cy-

25 lindrical armature-machine the currents de
velopec1 in the cylinder are taken off by 
brushes applied to the sides of the cylinder at 
its ends. 

In order to develop economically an electro-
30 motive force available for practicable plll'

poses, it is necessary either to rotate the con
ductor at a very high rate of speed or to use a 

,disk of large diameter or cylinder of great 
length; but in either case it becomes difficult 

35 to secure and maintain a good electrical con
nection between the collecting-brushes and 
the com1uctor, owing to the high peripheral 
speed. 

It has been proposed to couple two or more 
40 disks together'in series with the object of ob

taining a higher electro-motive force; but 
with the connections heretofore used and us
ing other conditions of speed and dimension 
of disk necessary to securing good practicable 

45 results this difficuU,y is still felt to be a seri
ous obstacle to the use of this kind of gener
ator. These objections I have sought to avoid; 
and for this purpose I construct a machine 
wi th two fields, each ha Vil1g' a rotary coud nctor 

mounted between its poles, but the same prin- 50 
ciple is involved in the case of both forms of 
machine above described, and as I prefer to 
use the <;;1isk form I shall confine the descrip
tion herein to that machine. The disks are 
formed 'with flanges, after the manner of pul- 5.S 
leys, and are connected together by flexible 
conducting bands or beUs . 
. I prefer to construct the machine in snch 

manner that the direction of magnetism or 
order of the poles in one field of force is oppo- 60 
site to that in the other, so that rotation of the 
disks in the same direction develops a current 
in one from center to circumference and in the 
other from circumference to center. Contacts 
applied therefore to the shafts upon which the 65 
disks are mounted form the terminals of a 
circuit the electro-motive force in which is 
the SU111 of the electro-moti ve forees of the two 
disks. 

I would call attention to the obvious fact 70 
that if the direction of magnetism in both 
fields be the same the same result as above 
will be obtained by driving the disks iIi op
posite directions and crossing' the connect
ing-belts. In this way the difficulty of sc- 75 
euring and maintaining good contact with 
the peripheries of the disks is ttvoided find fi 
cheap and durable machine made which is 
useful for mallY purposes-such as for an ex
citer for ttlternating-current generators, for a 80 
motor, and for any other purpose for which 
dynamo-machines are used. 

The specific construction of the maehine 
which I have just generally described I have 
illustratcd in the accompanying drawings, in 85 
which- ' 

Figure 1 is a side view, pal'tly in section, of 
my improved machine. Fig. 2 is a vertical 
section of the same at right angles to the 
shafts. 90 

In order to for111 a frame with two fields of 
force, I cast a support A with two pole-pieces 
13 B' integral with it. To this I join by bolts E 
a casting D, with two similar and cOl'respond
ing pole-pieces C C'. The pole-pieces B 13' 95 
are wound or connected to produce a field of 
force of given polarity, and the pole-pieces 
C C' are wound 01' connected to prodnce a 
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field of opposite polarity. The dl"iying-shafts 
F G pass through the poles ami are ;jol1l'llalu(l 
in im;ulating-bual'ings in the casting A D, as 
shown. 

5 HK are the dbks 01' gUllCl"ating-conduciors. 
They (11'e compose(l of copper, 1)1'ass, or il"On 
and are keyed or secUl'e(1 to their respective 
shafts. 'rhey are provided with -broad pe
ripheral flanges J. It is of' COlll'SC obvious that 

10 the elisks may be insulated from their shafts, 
if so desired. A flexible metallic belt L is 
passe(l over the flanges of the two disks, and, 
if' desired, may be used to drive one of the 
(lisks. I prefer, however, to use this helt 

IS merely as a comlneto1', and for this purpose 
may nse sheet steel, copper, or other suitahle 
metal. Each shaft is pl'oyiaed with a driying
pulley ]\1, by whieh powm' is imparted from a 
counter-shaft. 

20 N N are the terminals. For sake of clual'
ness they are showll as provided with sprillg:,; 
P, that bea!' upon the oll(ls of' the shaHs. This 
machine, if self-excitillg, would have copper 
bands a!'ol1ml its poles, 01' conductors of any 

25 kilHl-sneh as the wires sho\vll in the (haw-
i ngS--lllay be used. . 

1 (10 not limit my invelltion to the spe(~ial 
cOllstrl1etion llorein showll. Fo1' ex;tlllplf', it 
is not lleeessal'Y that tho parts be eom:tl'uC'to(l 

ill ono maehine or that tho material:,; an(l pl'O- 30 
portions herein gi VOIl be skioUy followed. 
Fl1rthel'llloJ'e, it is evident that tho eOll(lllct
ing belt or band may he composed of :,;ovol'al 
smaller hands apd that tho llrineillie of COIl
ncetion horoin do:,;el'ibed lIlay he applio(l to 3S 
more than two machines. 

,\Vlutt I elaim is-
1. An electrieal gmwmtor cOllsisting of Ilw 

combination, -with two rotary condlletol':'; 
monnted in unipolar fiehls, of It flexible COII- 40 
(lneto1' Or belt passing 1trOllnd the pCI"i pher'ies 
of saill cOll(l11CtOl'S, as herein set fOl·th. 

:2. The comhination, with two rotary con
ducting-disks having pel'ipheral flange:,; and 
1l1001llted ill unipolar liehh:, of a f1exihle eOIl- 4S 
(lucting bolt 01' band passing IU'OUlHI the 
Jianges of l)oth dbks, as set forth. 

n. The eombinatioll of indopClHlent sel:,; of 
field-magnets adapted to IIUlintaill unipolar 
fields, conducting-disks mounted to rotate in 50 
said fields, imlepelldelli, {[riving moehan iSHI 
for each disk, and a Jloxihle eon<1ueting helt 
or band passing ltl'OUlld the peripheries of the 
(lisks, as set fOJ'th. 

NIKOLA TESLA. 
,\Yitllesses: 

PAItKEIt\V. PA(;E, 
1-":'013'1'. F. UAYU)H.D. 
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To all who]))., it 7JHC!} concern: 
He it known that I, NIKOLA TEsLA, a sub

ject of thc Elllpermof Austria, from Smiljan, 
IJika, bonler country of Austria - Hungary, 

5 temporarily residing in Xmy York city, in the 
State of Xew York, havc inventec~ a certain 
ne'v and useful Improvement in Methods of 
Ol>taining Direct, from Alternating Currents, 
of which the following is a specification, ref-

10 crence beillg had to the c1rmYings accompany
ing and fOl'millg a paet of the same. 

In Deady all the more impol'tant industrial 
applications of electricity the current, is pro
duced by dynamo-electtic machines driven by 

15 power, in the coils of which the currents de
veloped are primarily in reverse directions 
or alternating; but as very many electrical de
vices ancl systems require direct cUlTents, it 
has beell usual Lo correct the current altel'-

20 nations by means of a commutator, instead 
of taking them off directly from the generat
ing-coils. 

The SL111Ct'iol'ity of alternating-cnrrent ma
chines in all cases where their cnrrents can 

25 be used to a(hantage renders theit el11ploy-
. ment very (lesirable, as they may ue much 

more economically constructer1 and operated; 
and the ob;iect of this my present, innmtion 
is to J1rO\'ic1c mcans for directing 01' COllvert-

30 ing at will at one or more points in it cil'enit 
a1teTnatillg into direct currents. 

Stateel ~ls broadly as I am able to express 
it, my invention consists in obtaining direct 
from alternating cl1lTents, 01' in directing the 

35 waves of an altel'l1ating Cl11'l'ellt so as to pro
duce direct 01' substantially direct currents 
by developillg or produeing in the bl'allchcs 
of a circuit including" a SOUl'l'e of alternating' 
currents, either permanently 01' periodically, 

40 and by electric, electro-magnetic, or magnetic 
agencies, manifestations of energy, 01' ,,,hat 
may be termed active resistances of oppo
site electrical· character, ·whereby the cur
rents or current-waves of opposite sign will 

45 be diyertec1 through different circnits, those 
of one sign passing over one branch and those 
of opposite sign over another. 

I may consider herein only the case of a 
circnit divided into two paths, inasm.uch as 

50 any fGrthcr suhdivision im'olYes merely an 

extension of the general principle. Selecting, 
then, any circuit throngh which is flowing an 
alternating cnrrent, I dh'ic1e such circuit at 
any desired 110int into two branches or paths. 
In one of these pat,hs I insert some device to 55 
create an elect,fo-motive fmee counter to the 
wayes 01' impulses of current of one sign and 
a similar c1evice in the other branch which 
opposes the waves of opposite sign. I\SSUme, 
for example, that these devices are batteries, 60 
primary or secondary, OL' continuous-cllrrent 
dynamo-machines. The wave::; or impulses of 
opposite direction composing the main current 
hal'c a natural tenrlencyto eli vide between the 
two branches; but by reason of the opposite 65 
electrical character or effect of the two 
branches one will offer an easy passage to a 
cm'I'ent of it cNtain direction, while the other 
will offer a relatively high resistance to the 
passage of the same current. rrhe result of 70 
this disposition is, that the waves of cur
l'Cllt of one sign will, partly 01' ,,,holly, pass 
oyer one of the paths or branches, while those 
of the opposite sige pass over the other. 
There mav thns be olJtained from an alter- 75 
nating' c111Tent two or mor8 direct currents 
witho~lt the employmcnt of any commutator 
such as it has been heretofore regarded as 
necessary to nse. '1'he current in either '
branch may be used ill the same way and 80 
for t.he same purposes as any other direct 
current-that is, it lllay be made to charge 
sccollClary batteries, energize electro-magnets, 
oJ' for any other analogolls purpose. 

In thc drawings 1 haye illustrated some of 85 
the yarions ways in which I lllily carry out 
this ill ven ti01l. 

T'lle seveml Ilglll'C" it 1'e diagrammatic ill 
chamctel', allll will 1)0 (lescribc(l in dctail ill 
their order. 

Figure 1 represcnts a plan of (lil'ccting the 
alternating currents by means of devices 
purely <Blectrical in character. Figs. 2, 3, 4, 
5, G, and' '/ are diagrams illustrati ye of other 
ways of canying ont the invention, which 95 
will be hereinafter more particularly dc
scribed. 

In Fig. 1, .A deRignates a gen;:-ratOl' of alter
nating cUlTents, anel D B the main 01' line 
circuit therefrom, At a:r1Y giYcn point in 100 
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this circuit at or near which it is desired to 
obtain direct currents I divide the circuit B 
into two paths or branches 0 D. In each of 
these branches I place an electrical generator, 

5 which for the present we will assume pro
duces direct or continuous currents. 'rhe 
direction of the current thus produced is op
posite in one branch to that of the current in 
the ot.her branch, or, considering the two 

LO branches as forming a closed circuit, the gen
erators E F are connected up in series there
in, one generator in each part or half of the 
circuit. The electro-motive force of the cur
rent sources E and F may be equal to or 

IS higher 01'10we1' than the electro-motive forces 
in the branches 0 D or between the points X 
and Y of the circuit B B. If equal, it is evi
dent that current-waves of one sign will be 
opposed in one branch and assisted in the 

20 other to such an extent that all the waves of 
one sign will pass over one branch and those 
of opposite sign over the other. If, on the 
other hand, the electro-motive force of the 
sources E F be lower than that between X 

25 and. Y, the currents in both branches will be 
alternating, but the waves of one sign will 
preponderate. One of the generators 01' 
sources of 'current E or F may be dispensed 
with; but it is preferable to employ both, if 

30 they offer an appreciable resistance, as the 
two branches will be thereby better balanced. 
The translating or other devices to be acted 
upon by the current are designated by the let
ters G, and they are inserted in the branches 

35 0 D in any desired manner; but in order to 
better preserve an even balance between the 
branches due regard should be had to the 
number and character of the devices, as will 
be well understood. 

40 Figs. 2, 3, 4, and 5 illustrate what may be 
termed" electro-magnetic" devices for accom
plishing a similar result-that is to say, in
stead of producing directly by a .2,'eneratoran 
electro-moti ve force in each branch of the cir-

45 cuit, I may establish a field or fields of force 
and lead the branches through the same in 
such manner that an active opposition of op
posite effect or direction will be developed. 
therein by the passage or tendency to pass of 

50 the alternations of current. In Fig. 2, for ex
ample, A is the generator of alternating cur
rents, B B the line - circuit, and 0 D the 
branches over which the' alternating currents 
are directed. In each branch I include the 

55 secondary of a transformer or induction-coil, 
which, since they correspond in t.heir func
ti.)ns to the batteries of the previous figure, I 
have designated by the letters E F. The pri
maries I-I H' of the induction-coils or trans-

60 formers are connected either in parallel or 
series with a source of direct or continuous 
currents I, and the number of convolutions is 
so calculated for the strength of the cnrrent 
from I that the cores J J' will be saturated. 

65 The connections are such that the conditions 
in the two transformers are of opposi1.e char
acter-that is to say, the arrangement is snch 

that a current wave or impulse corresponding 
in direction "ith that of the direct current in 
one primary, as H, is of opposite direction to 70 
that in the other primary H'; hence it results 
that while one secondary offers a resistance 
or opposition to the passage through it of a 
wave of one sign the other seco1J.dary simi
larlyopposes a wave of opposite sign. In 75 
consequence the waves of one sign will, to a 
greater or less extent, pass by way of one 
branch, while those of opposite sign in like I 
manner pass over the other branch. 

In lieu of saturating the primaries by a 80 
source of continuous current, I may include 
t,he primaries in the branches 0 D, respect
ively, and periodically short-circuit by any 
suitable mechanical devices-such as an or
dinary revolving commutator-their seconda- 85 
ries. It will be understood of course that the 
rotation and act,ion of the commutator must 
be in synchronism or in proper accord with 
the periods of the alternations in order to se
cure the desired results. Such a disposition 90 
I have represented diagrammatically in Fig. 
3. Oorresponding to the previous figures, A 
is the generator of alternating currents, B B 
the line, and 0 D the two branches for the di
rect currents. In branch 0 are included two 95 
primary coils E E', andin branch D are two 
similar primaries F If'. The corresponding 
secondaries for these coils and which are on 
the same subdivided cores .J or J' are in cir
cuits the terminals of which connect to op- leo 
posite segments Ie Ie' and L L', respectively, 
of a commutator. Brushes b b bear upon the 
commutator and alternately short-circuit the 
plates Ie and K' and Land L' through a con
nection c. It is obvious that either the mag- 105 
nets and commutator or the brushes may re
volve. 

The operation will be understood from a 
consideration of the effects of closing or short
circuiting the secondaries. For example, if 110 
at the instant when a given wave of current· 
passes one set of secondaries be short-cir
cuit.ed, nearly all the current flows through 
the corresponding primaries; but the second
aries of the othev branch being open-circuited I IS 
the self-induction in the primaries is highest, 
and hence little or no current will pass through 
that branch. If, as the current alternates, the 
secondaries of the two branches are alter
nat.ely short-circuited, the result will be that 120 
the currents of one sign pass over one branch 
and those of the opposite sign over the other. 
The disad vantages of this arrangement, which 
would seem to result from the employment of 
sliding contacts, are in reality very slight, in-125 
asmlleh as the electro-motive force of the 
secondaries may be made exceedingly low, so 
that sparking at the brushes is avoided. 

Fig. 4 is a c1iagl'all1, partly in section, of an- . 
other plan of. carrying out the invention. The 130 
circuit B in this case is divided, as before, and 
each branch includes the coils of both the 
field and revolving armatures of two induc
tion devices. The armatures 0 Pare prefer-
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ably mounted on the same shaft, and are a(l
jnstec1 relatively to one another in such man
nerthat when the self-induction in one branch, 
as 0, is maximum in the other branch D it is 
minimum. The armatures are rotated in 
synchronism with the altemations f1'oll1 the 
source A. The winding or position of the 
armature-coils is such that a current in a gi ven 
dil'ection passed through both armatures 

10 "would establish in one poles similar to those 
in the adj':tcent poles.of the field and in tbe 
other poles unlike the ndjacent field-poles, as 
indicated by n n s s in the drawings. If the 
like ,poles are presented, as shown in circuit, 

15 D, the'condition is that of a closed secondary 
upon a primary, or the position of least in
ductiye l'esistance; hence a giyen alternation 
of CU1'1'ont will pass mainly thl'Ol1gh D. A 
half-revolution of the Drll1atUl'0S produces an 

20 opposi to effect, amI the succeeding Clll'ren t im
pulsc passes through O. e sing this Jigm'e as 
an illustration, it 1S eyident t.hat the fields N 
M may be llermanCllt magnets or independ
ent-Iy excited and the armatures 0 P driven, 

25 as in the prcsent case, so as to produce alter
nate cllrrents, "which will set up alternately 
impulses of opposite direction in the two 
branches D C, which in snch case would in
clude the armature-circuits and translating 

30 c1eyices only. 
In Fig. 5 a pIau altcrnati ve with that sho\"n 

in Fig. 3 is illustrated. In the previolls case 
illustrated each "branch C and D contained 
one or more primary coils, the secondaries of 

35 which ITOl'", periodically short -circuited in 
synchronism with the alternations of current 
fro111 the main sonrce A, and for this purpose 
a comtnuta'~or was employed. The latter 
may, howeyel', be dispensed Wit,}l and an ar-

40 mature "with " closed coil substituted. 
Refening to Fig. 5, in one of the branches, 

as 0, are two coils M', wound on laminated 
cores, and in the otller branches D are similar 
eoils N'. A snlJClidc1ed or laminated Hnna-

45 ture 0', canying a closerl coil R', is rotatably 
supported between the coils nI' N', as shown. 
In the position shown-that is, with the coil 
R' parallel "with the convolutions of the pri
maries N' :J1'-pl'actically the whole current 

50 will pass through bl'allch D, because the self
induction in coils 31' nI' is maximum. If, 
therefore, the armature anc1 coil be rotated 
at a propel' speec1relatiyely to the periods or 
alternations of the source A, the same results 

55 are obtained as in the case of Fig. 3. 
Fig. G is au inst:mce of "dUct ll1ltY be called, 

in distinction to the others, a "magnetic" 
means of securing the results arrived at in 
this invention. Y and \Y are two strong 

Go permanent magnots provided with armatures 
Y' 'IV', respecti I"oly. The armatures are made 
of thin laminrc of soft iron or steel, and the 
amount of magnetic metal which they COll

tain is so calculated that tl1ey will be fully or 
65 nearly saturated by the magnets. Around 

the armatures arc coils E F, containeel, re
sPElctiYely, in the circuits C nnd D. The 

connections and electrieitl c()!}(litiollS in this 
case are similar to those in Fig. 2, except 
that the current sOHre'eI of Fig. 2 is dispensed 70 
"with and the saturat.ion of the C01'O of coils 
E F obtained from tho permanent magnets. 

In the illustrations heretofore given I 11[11"e 
in each instance S110\\"11 the t.\ro branches or 
paths containing the translating 01' induction 75 
devices as in derivation olle 10 tho other; but 
this is not always necessary. For example, 
in Fig:. 7, A is an alternating-cn l'1'en t genera-
tor; B B, the line Wil'OS Ol' cil'cl1it. At any 
given point in the ei1'euit I forlll two paths, 80 
as D D', and at anot11el' point two paths, as 
o 0'. Either pai.l' 01' group of paths is simi-
lar to the proyious dispositions "\yj\h the elec
trical source or inc1uetion do\"ice in one 
branch only, while the tlYO gronps taken to- 85 
gether form the obvious equivalent of the 
cases in which an induct.ion device or gener-
ator is includec1 in both branches. In ono 
of tho paths, as D, are included the de
vices to be operated by the current. In the 90 
other branch, as D', is an induction device 
that opposes the current impulses of one di
rection and directs them through the branch 
D. So, also, in branch 0 are translating de
vices G, and in branch C' an induction <:1e- 95 
vice or its equivalent that c1i\'01't:, through (' 
impulses of opposite direction to those di
verted by the device in lJranch D'. I have 
also shown it special form of illd uction de
vice for this purpose. .1 J' are the cores, 100 

formed with pole-pieces, npoll which are 
wound the coils M N. Between these pole
pieces are 111011nted at right angles to Olle an
other the magnetic armatures 0 P, preferably 
mounted on the same shaft and designed to 105 
be rotated in synchronism \yith the alterna
tions of current,. \Vhen one of the anua
tures is in line with- the poles or in the posi
tion occupied by arlllatm'e P, the magnetic 
circuit of the induction de'.'ice is lJl'actica,lly 110 

closed; hence there will be the groatest oppo
sition to the passage of a cnlTeut through 
coils N N. The alternation will therefo1'o 
pass by way of branch D. At the same time, 
the magnetic circuit of the ot.her induction 115 
deyice being broken by the position of the 
armatnre 0, there will be less opposition to 
the current in coils :i'II, which will shunt the 
cnrrent from branch O. A reyersal of the 
current being at.tenclecl bra shifting of the 120 

armatmes, the opposite effect i.s produced. 
There are many other modifications of the 

means or methods of carrying ont my inyen
tiOll; but I have not decmed it necessary here-
in t.o specifically refer to more than those de- 125 
scribed, as they hwolye the chief modifica
tions of the plan. In all of these it will be 
observed that there is doveloped in one or all 
of the branches of a cil'cnit from a source of 
alternating currents :en acti\'c (ns distin- I30 

gnished from a eleael) res{stanco 01' opposi
tion to the currents of one sign, for the pur
pose of diverting the currents of that sign 
through the other or another path, but pe1'-
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mitting the currents of opposite sign to pass be under some circumstances the equivalent 
without substantial opposition. to those I have previously described. 

"Whether the division of the currents or 'Vhat I claim as my invention is-
waves of current of opposite sign be effected 1. The method herein set forth of obtain- 40 

5 with absolut,e precision or not is immaterial ing direct from alternating currents, which 
to my invention, since it will be sufficient if consists in developing or producing in one 
the waves are only partially diverted or di-I branch of a circuit from an alternating-cur
rectecl, for in such· case the preponderating rent sonrce an active resistance to the cur
influence in each branch of the circuit of the rent impulses of one direction, whereby the 45 

TO waves of one sign secures the same prnctical said currents or waves of current will be di
results in many if not all respects as though verted or directed through another branch. 
the curreut were direct and continuous. 2. The method of obtaining direct from al-

An alternating and direct current have ternating currents, which consists in divid
been combined so that the waves of one di- iug the path of an alternating current into 50 

15 rection or sign were partially or wholly over- branches, and developing in oneM said 
come by the direct current; but by this plan branches, either permanently or periodically, 
only one set of alternations are utilized, an electrical force or active resistance coun
whereas by my system the entire current is tel' to or opposing the currents or current
rendered available. By obvious applications waves of one sign, and in the other brnnch a 55 

20 of this discovery I am enabled to produce a force counter to or opposing the currents or 
self-exciting alternating dynamo, or to oper- current-waves of opposite sign, as set forth. 
ate direct-current meters on alternating-cur- 3. The method of obtaining direct from al
rent circuit, or to run various devices-such ternating currents, which consists in dividing 
as arc lalups-by direct currents in the same the path of an alternating current into 60 

25 circuit with incandescent lamps 01' other de- branches, establishing fields of force and 
vices run by alternating currents. leading the said branches through the said 

It will be observed that.if an intermittent fields of force in such relation to the lines of 
connter or opposing force· be developed in the force therein 1ihat the impUlses of cnrrent of 
branches of the circuit and of higher electro- one direction will be opposed in one branch 65 

30 motive force than that. of the generator an I and those of opposite direction in the other, 
alternating current will resnlt in each branch, as set forth. 
wit.h the waves of one s~gn prepon.derating, :~nKOLA TESLA 
whIle a constantly or umformly actmg oppo- . 
sition in the branches of higher electro-mo- 'Vitnesses: 

35 tive force than tlie generator would produce ROBT. F. GAYLORD, 
a pulsating current, which conditions would F. B. MURPHY. 
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To all whom it may concern: 
Be it known that I, NIKOLA TESLA, a sub

ject of the Emppror of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re-

S siding at New York, in t.he county and State 
of New Yvrk, have invented certain new and 
useful Improvements in Electro -Magnetic 
Motors, of which the following is a specifica
tion, reference being had to the drawings ac-

10 companying and forming a part of the same. 
This invention pertains to that class of elec

tro-magnetic motors in\'ente(l by me in which 
two or more independent energizing-circuits 
are employed, and through which a lternating 

IS currents differing in phase are passed to pro
duce the operation or rotation of the motor. 

One of the general ways which I have fol
lowed in carrying out this invention is to pro
duce practically independent currents differ-

20 ing primarily in phase and pass these through 
the motor-circuits. Another way is to pro
duce a single alternating current, to divide it 
between the motor-circnits, and to effect arti
ficially a lag in one of,. the said circuits or 

25 branches, as by giving to the circuits different 
self-inductive capacity, and in ot.her ways. 
In the former case, in which the necessary 
difference of phase is primarily effected in 
the generation of currents, I have, in some in-

30 stances, passed the currents through the en
ergizing-coils of both elements of the motor
the field and armature; but I have made the 
discovery that a new andllseful result is or 
may be obtained by doing this under the con-

35 ditionshereinafter speci fied in the case of 
motors in which the fag, as above stateel, is 
artificially secured. In this my present in
vention resides. 

In illustration of the nature of this inven-
40 tion I shall refer to the accompanying draw

ings, in which-
Fignres 1 to 6, incl usi ve, are diagrams of dif

ferent ways in which t.he invention is or may 
be carried out; and Fig. 7, a side view of a 

45 form of motor which I have used for this 
purpose. 

The diagrams in detail will be described 
separately. 

A B in Fig. 1 indicate the two energizing-
50 circuits of a motor, and C D two circuits on 

the armature. Circuit or coil A is connected 

in series wit.h circuit 0[' coil C, and the two 
circuits B D are similarly connected. Be
tween coils A and C is a contact-ring e, form
ing one terminal of the latter, and a brush a, 55 
forming one terminal of the former. A ring 
cl and bl'Ush c similarly connect coils Band 
D. The opposite tel'minals of the field-coils 
connect to one binding-post h of the motor, 
and those of the armature-coils are similarly 60 
connected to the opposite binding-post i 
through a contact-ring f and brush g. Thus. 
each motor-circuit while in derivation to the 
other includes one armature and OIle field
coil. Tbese circuits are of different self-in- 65 
dl1ction, and may be made so in various ways. 
For the sake of clearness I have shown in one 
of these circuits an artificial resistance R 
and in the other a self - induction coil S. 
vVhen an alternating current is passed 70 
through this motor it divides between its two 
energizing- circuits. The.higher self-induc
tion of one circuit produces a greater retarda
tion or lag in the current therein than in the 
other. The difference of pbase between the 75 
two currents effects the rotation or shifting of 
the points of maximum magnetic effect that 
seCUl'es the rotation of the armature. In cer
tain respects this plan of including both 
armature and field coils in circuit. is a marked 80 
improvement. Such it motor has a good 
torque at starting; yet it has also considerable 
tendency to synchronism, owing to the fact 
that when properly constructed the maximum 
magnetic effecis in both armature and field 85 
coincide-a condition which in the usual con
struction of tht\se motors with closed anna
ture-coils is not readily attained. The motor 
thus constructed exhibits, too, a better regu
lation of current from no load to load, and 90 
there is less difference between the apparent 
and real energy expended in running it. The 
true synchronous speed of this form of motor 
is thatof the generator when both are alike
that is to say, if the number of the coils on 95 
the armature and on the field is x; the motor 
will run normally at the same speed as a gen
erator driving it if the number of field-mag
nets or poles of the same be also x. 

Fig. 2 shows a somewhat modified arl'ange- 100 

ment of circuits. There is in this case but one 
armature-coil E, the winding of which main-
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tains effects corresponding to the resultant 
poles produced by the two field-circuits. 

Fig . .3 represents a disposition in which 
both armature and field are wound with two 

5 sets of coils, all in multiple arc to the line or 
main circuit. The armature-coils are wound 
to correspond with the field-coils with respect 
to their self-induction. A modification of 
this plan is shown in Fig. 4-that is to say, 

10 the two field-coils and two armature-coils are 
in derivation to themselves anclin series with 
one another. The armature-coils in this case, 
as in the previous figure, are wound for dif
fert'nt self-induction to correspond with the 

IS field-coils. 
Another modification is shown in Fig. 5. 

In this case only one armatnreccoil, as D, is 
included in the line-circuit, while the other, 
as 0, is short-circuited. 

20 In such a disposition as that shown in Fig. 
2, or where only one armatUl'e-coil is em
ployed, the torque on the start is somewhat 
reduced, while the tendency to synchronism 
is somewhat increased. In such a disposHion, 

25 as shown in Fig. 5, the opposite conditions 
would exist. In both instances, however, 
there is the advantage of dispensing with one 
con tact-ring. 

In Fig. 5 the two field-coils and·the arma-
30 tme-coil D are in multiple arc. In Fig. 6 

this disposition is modified, coil D being 
shown in series with the two field-coils. 

Fig. 7 is an outline of the general form of 
motor in which I have embodied this improve-

ment. The circuit-connections between the 35 
armature and field coils are made, as indi
cated in the previous figures, through brushes 
and rings, which are not shown. 

In the above description I have made use 
of the terms "armature" and "field;" but it 40 
will be understood that these are in this case 
convertible terms, for what is true of the 
field is equally so of the armature, except that 
one is stationary, the other capable of rota-
tion. 45 

I do not claim in this application the.method 
or llleans of operating a double-circuit motor 
by making its circuits of different self-induc
tion or in any way retarding the phases of 
current in one circuit more than in another, 50 
having made these features subject of other 
applications; but 

What I claim is-
1. In an alternating-current motor, the com

bination, with field-circuits of different self- 55 
inductive capacity, of corresponding arlna
hue-circuits electrically connected therewith, 
as set forth. 

2. In an alternating-current motor, the com
bination, with independent field-coils of dif- 60 
fel'ent self-induction, of independent anna
ture-coils, one or more in circuit with the 
field-coils and the others short-circuited, as set 
forth. 

NIKOLA 'I'ESLA. 
'Witnesses: 

ROB'f. F. GAYLORD, 
FRANK K HARTLEY. 
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1'0 all who7Ju it may concern: 
Be it known that I, NIKOLA 'rESLA, a sub

ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, and 

5 a resident of New York, in the count.y and 
State of New York, have in vented certain 
new and usefulImprovements in Methods of 
Operating Electro-Magnetic Motors, of which 
the following is a specification, reference be- I 

10 ing had to the drawings accompanying and 
forming a part of the same. 

In a patent gmnted to me April 16, 1889, 
No. 401,520, I.have shown and described a 
method of starting and operating synchro-

15 nizing motors which involved the transforma
tion of the motor from a torque toa synchro
nizing motol'. This I have heretofore done 
by a change of the circuit-connections, where
by on the st,art the poles or resultant attmc-

20 tion of the field-magnets of the motor were 
shifted or rotated by the action of the current 
until the motor reached synchronous speed, 
after which the poles were merely altel'llated. 
The present application is based upon another 

25 way of accomplishing this result, the main 
features beingas follows: If an alternating 
current be passed through the field-coils only 
of a motor having two energizing-circuit.s of 
different self-induction and the al'mature-

30 coils be short-circuited, the motor will have a 
strong torque, but little or no tendeuey to 
synchronism with the generator; but if the 
same cnrrent which energizes the field be 
passed also through the armature-coils the 

35 tendency to )'emain in synehrouism is very 
considerably increased. 'Ihis is due to the 
fact that the maximum magnetic effects pro
duced in the field and armature more nearly 
coincide. This principle discovered by me I 

40 have utilized in the operation of motors. In 
other words, I construct a motor having in
dependent field-circuits of different self-in
duction, which aJ'e joined in derivation to a 
source of alternating currents. The a1'1na-

45 ture I wind with one or more coils, which are 
connected with the field-coils through contact 
rings and brushes, and around the armature
coils Iarrange a shunt with means for open
ing or closing the same. In starting this mo-

50 tor I close the shunt around the armature
coils, which will therefore be in closed cir
cuit. When the current is directed throl1gh 
the motor, it divides between the two circuits, 

(it is not necessary to eonsider any case where 
there are more than two circuits used,) which, 55 
by reason of their different self-induction, 
secnre a difference of phase between the two 
currents in the two branches that produceR 
a shifting or rotation of the poles. By the 
alternations of cnrrent other currents /l,I'e 60 

induced in the closed-or short-circuited
armature-coils and the motor haR a strong 
torque. vVhen the desired speed is reached, 
the shuntarollnd the armature-coils is opened 
and the current directed through both anna- 65 
ture and field coils. Under these condi
tions the motor has a strong tendeucy to 
synchronism. 

In the drawings hereto annexed I have 
illustrated several modifications of the plan 70 
above set forth for operating motors. The 
figures are diagrams, and will be explained 
ill their order. 

Figure 1: A and B designate the field-coils 
of the motor. As the circuits including these 75 
coils are of different self-induction, I have 
represented t,his by a resistance-coil R in cir
cuit with A, and a self-inclilCtion coil S in cir
cuit with B. The same result may of course 
be secured by the winding of the coils. C is 80 
the armature-circuit, the terminals of which 
are riugs Ch U. Brushes c cl bear on these 
rings and eonnect with the line and field 
circuits. D is the shunt or short circuit 
around the armature. E is the switch there- 85 
in. The operation of t,hese devices I have 
stated above. 

It will be observed that in snch a disposi" 
tion as is illustrated in Fig. 1, the field-cir
cuits A and B being of different self-indnc- 90 
tion, there will always be a greater lag of 
the current in one than the other, and 
that, generally, the armature phases willl10t 
correspond with either, but with the result
ant of both. It is therefore important to ob- 95 
serve the proper rule in winding the anna
tme. For .instance, if the motor have eight 
poles-four in each circuit-there will be four 
resultant poles, and hence the armature-wind-
ing should be such as to produce four poles, 100 

in order to constitl1 te a tTue synchronizing 
motor. . 

Fig 2: 'rhis diagram differs from the pre
vious one only in respect to the order of con
nections. In the present case the armature- 105 
coil, instead of being in series with the fielc1-
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coils, is in multiple arc therewith. The ar- at the same time· the conditions are such that 
mature-winding may be similar to that of the the motor comes out of synchronism more 
field-that is to say, the armature may have readily. To increase the tendency to synch- 70 
two or more coils wound or adapted fol' dif- ronislll, two circnits may be used on the arma-

5 ferent se~f - induction and adapted, prefera- tnre, one of which is short-circuited on the 
bly, to produce the same difference of phase start and both connected with the external 
as the field-coils. On starting the motor the circuit after the syncllronous speed is reached 
shunt is closed around both coils. This is or passec!. This disposition is shown in Fig. 75 
shown in Fig. 3, in which the armature-coils 5. There are three contact-rings CL b e and 

10 are F G. To indicate their different elec- three brushes c (l j, which connect the al'lna
trical character, I have shown in circuit with ture-circuits with the external circuit. On 
them, respectively, the resistance R' and the starting', the switch H is tUl'lled to complete 
self-induction coil S'. The two armature coils the connection between one binding-post P 80 
are in series with the field-coils and the same and the field-coils. This short-circuits one 

IS disposition of the shunt 01' short circuit D is of the armatUl'e~coils, as G. The other coil 
used. It is of advantage in the operation of mo- F is out of circuit and open. ·When the 
tors of this kind to construct or wind the arma- motor is up to speed, the switch n is tu l'lled 
ture in such manner that when short-circuiteCl back, so that the connection from binding- 85 
on the start it will have a tendency to reach a post P to the field-coils is through the coil 

20 higher speed than that which synchronizes G, and switch Ie is closed, thereby including 
with the generator. For example, a given mo- coil F in multiple arc with the field-coils. 
tor having, say, eight poles should run, with Both I1rmature-coils al'e thus active. 
the armature-coil short-circuited, at two thOll- From the above-described instances it is 90 
sand revolutions pel' minute to bring it up to evident that many other dispositions for car-

25 synchronism. It will generally happen, how- 1'ying Ollt the invention are possible. 
ever, that this speed is not reached, owing to I do not claim herein the method and 
the fact that the armature and field currents meallS described and Rhown for operating.a 
do not properly correspond, so that when the motor by producing artificially a difference 95 
current is passed through the armature (the I of current phase in its independent ener-

30 motor not being quite up to synchronism) gizing-cil'cuits; nor do I claim, broac11y, It 

there is a liability that it would not" hold motor having independGllt energizing - eir
on," as it is termed. I therefore prefer to so cuits of different self-induction and arma
wind or construct the motor that on the stal't, ture-circuits coimected therewith, as these 
when the armature-coils are short-circuited, features are made subjects of other applica-

35 the motor will tend to reach a speed higher tions which I have filed. 
than the synchronous-as, for instance, dou ble ·What I claim is-
the latter. In snch case the difficulty above 1. The method herein described of operat-
alluc1ec1 to is not felt, for the motor will al- ing alternating-current motors having inde
ways hold up to synchronism if the synch- pendent energizing-circuits, which consists 

40 ronous speec1--iIi the case supposec1 ·of two in short-circniting the armature circuit or 
thousand revolutions-is reached or passed. circuits until the motor has reached or passed 
This may be accomplished in various ways; a synchronizing speed and then connecting 
but for all practical purposes the following said armature-circnits with the external cil'
will suffice: I wind on the armature 1,'''0 sets cnit, as set forth. 

45 of coils. On the start I short-circuit one only, 2. The method of operating alternating-
thereby proc1ucing a number of poles on the current motors having' field-coils of differcnt 
armature, which will tend to run the speec1up self-induction, which consists in directing al
above the synchronous limit. vVhen such ternating curl'ents from an external sourCe 
lim·it is reached or passed, the current is di- through the field-circuits only until the mo-

50 rected through the other coil, which, by in-. tor has reached a givel1 speed and then di
creasing the number of armature-poles, tends recting said currents through hoth the fieW-
to maintain synchronism. In Fig. 4 such a circuits and one or more of the armatu1'e-cir
disposition is shown. The motor having, cuits, as set forth. 
say, eight poles contains two field-circuits A 3. The method of operating alternating-

55 and 13, of c1ifferent self-induction. The al'ma- current motors having field-coils of different 
ture has two eoils F and G. The.former is self-induction, which consists in directing al
closed upon itself, the latter connected with ternating CUl'1'ents from an external sonrce 
the field and line throngh contact-rings a b, through the field-circuits and short-circuiting 
brushes eel, and a switch E. On the start a partoft,hearmature-circuits, and then when 

60 the coil F alone is active and the motor tends the motor has attained ~t given speed dil'ect-
to run at a speed above the synchronous; but ing the alternating currents through both the 
when the coil G is connected to t,he circuit field and one or more of the ft1'mature-circuits, 
the number of armature-poles is increased, as set forth. 
while the motor is made a true synchronous 

(;5 motor. This disposition has the advantage 
that the closed armature-circnit imparts to 
the motor torque when the speed falls off, but 

NIKOLA TESLA. 
vVitnesses: 

ROBT. F. GAYLORD, 
FRANK E. HARTLEY. 
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To all whom it may concern: 
Be it known that I, NIKOLA TEsLA, a sub

ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re-

S siding at New York, in the count,y and State 
of New York, have invented certain new and 
useful. Improvements in Electro - Magnetic 
Motors, of which the following is a specifica
tion, reference being had to the accompany-

10 ing drawings. 
This invention relates to alternating-cur

rent motors of t,he general description in
vented by me, and in which two or more en
ergizing-circuits are employed, through which 

15 alternating currents differing in phase are 
passed, with the result of producing a pro
gressive shifting or rotation of the poles or 
points of maximum attractive effect. 

In prior patents and applications I have 
20 shown and described various forms of motors 

of this kind .. Among them are motors in 
which both energizing-circuits are electrically 
aiike-that is to say, both have t,he same or 
approximately the same electrical resistance 

25 and self-induction-in the operation of which 
the alternating currents used are primarily 
of different phase. In others the difference 
of phase is artificially produced-as, for in
stance, in cases where the motor-circuits are 

.30 of different resistance and self-induction, so 
that the same current divided between them 
will be ret,ardec1 in one to a greater extent 
than in the other, and the requisite phase dif
ference secured in this way. To this latter 

35 class generally my present invention relates. 
The lag or rotation of the phases of an al

ternating current is directly proportional to 
the self-induction and inversely proportional 
to the resistance of the circuit through which 

40 the ,current flows. Hence, in order to secure 
the proper difference of phase between the 
two motor-circuits, it is desirable to make the 
self-induction in one much higher and the re
sistance much lower than the self-induction 

45 and resistance, respectively, in the other. At 
the same time the magnetic quantities,of the 
two poles or sets of poles which the two cir
cuits produce should be approximately equal. 
These requirements, which I lUl'Ve found to 

50 exist in motors of this kind, have led me to 

the invention of a motor having the follow
ing general characteristics: The coils which 
are included in that energizing-circuit which 
is to have the higher self-induction I make of 
coarse wire, or a conductor of relatively low 55 
resistance, and I use the greatest possible 
length or number of turns. In the other set, of 

I
I coils I use a compal'atively few turns of finer 
wire or a wire of higher resistance. Fnrther
more, in order to approximate the magnetic 60 
quantities of the poleR excHec1 by these coils, 
I use in the self-induction circuit cores much 
longer than thosp- in the other or resistance 
circuit. I have shown in the drawings a mo-
tor em bodying these features. 65' 

Figure 1 is a part-sectional view of the 1110-

tor at right angleR to the shaft. Fig. 2 is a 
diagram of the field-circuits. 

In Fig. 2, let A represent the ,coils in 
one motor-circuit, and 13 those in the ot.her. 70 
'1'he circuit A is to have the higher self-in
duction. I therefore nse a long length or a 
large number of tUl'l1S of coarse wire in form
ing the coils of this circuit. For the circuit 
13, I use a smaller conductor, or a conductor 75 
of a higher resistance than copper, such as 
German silver or iron, and wind the coils with 
fewer tUl'l1S. In applying these coils to a mo
tor I build up a field-magnet of plates 0, of 
iron 01' steel, secured together in the usual 80 

manner by bolts D. Each plate is formed 
with four (more or less) long cores E, around 
which is a space to receive the coil and an 
equal number of short projections F to receive' 
the coils of the resistance-circuit. The plates 85 
are generally annular in shape, having an 
open space in the center for receiving the 
armature G, ,,,hich I prefer to wind with closed 
coils. An alternating current divided be
tween the two circuits is retarded as to its 90 
phases in the circnit A to a mnch greater ex
tent than in the circuit B. By reason of the 
relative sizes and disposition of the cores and 
coils the magnetic. effect of the poles E and 
F upon the armatme closely approximate. 95 
These conditions are well understood and 
readily secured by one skilled in the art. 

An impOltant result securcd by the con
struction herein shown of the motor is, that 
these coils which are designed to have the Ie'') 



416,193 

higher self-induction are almost completely an excess of copper or conductor over that in 
surrounded by iron, by which the retardation the others, as set forth. 
is considerably increased. 3. The combination, with a field-magnet 25 

I do not claim herein, broadly, the method composed of magnetic plates having an open 
5 aud means of securing rotation by artificially center and pole-pieces or cores of different 

producing a greater lag of the current in one' length, of coils surroulldingsaid cores and 
motor-circuit than in the other, nor the use included in independent circuits, the coils on 
of poles or cores of different magnetic sus- the longer cores containing an excess of cop- 30 
ceptibility, as these are features which I have per over that in the others, as set forth. 

IO specially claimed in other applications filed 4. The combination, with a field-magnet 
by me. composed of magnetic plates having an open 

'What I claim is- center and pole-pieces or c01;es of different 
1. An alternating - current motor having length, of coils surrounding said cores and 35 

two or more energizing-circuits, the coils of included in independent circuits, the coils on 
IS 011e circuit being composed of conductors of the longer cores containing an excess of cop

lal'ge size or low resistance and those of the pel' over that in the others and being set in 
other of fewer turns of wire of smaller size or recesses in the iron core formed by the plat.es, 
higher resistance, as set forth. . as set forth. 

2. In an alternat.ing-current motor, the COI11-

20 bination, with long anel short field-cores, of 
energizing-coils included in independent cir
cuits, the coils on the longer cores containing 

NIKOLA TESLA. 
'Witnesses: 

ROBT. F. GAYLORD, 
FRANK E. HARTLEY. 

• 
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To all whom it may concern: from the other element; but in motors in 
Be it known that I, NIKOLA TESLA, a sub- which the coils of 'both armature and qold 

ject.of the Emperorof Austria, from Smi1jan, are connected with the external circuit the 
Lilm, border country of Austria -Hungary, result can be mnch more perfectly obtained. 

5 residing at New York, in the county and State In further explanation of my object let it S5 
of New York, ha ve invented oertain new and be assumed that the energy as represented in 
useful Improvements in Electro - :Magnetic the magnetism in ,the field of a given motor 
Motors, of which the following is a,specifica- is ninety and that of the armature ten. The 
tion. sum of these quantities, which represents the 

10 This invention relates to the alternating- total energy expended in driving the motor, 00 
ourrent eleotro-magnetic motors invented by is one hundred; but, assuming that, the motor 
me, in which a progressive shifting or 1'0- be so oonstructed that the energy in the field 
tation of the poles or points of maximum is represented by fifty and that in the al'ma
magnetio effect is produced by the action of ture by fifty, the sum is still one hundred; 

15 the alternating currents. These motors I but while in the first instance the product is 65 
have constrncted in a great variety of ways. nine hundred, in the second it is two thousand 
As instances, I have built motors with two or five hundred, and as the energy developed is 
more energizing-circuits, which I connected in proportion to these produots it is clear that 
up with corresponding circuits of a generator those motors are the most efficient-other 

20 so that the motor will be energized by alter- things being equal-in which the magnetic 70 

nating currents differing primarily in phase. energies developed in the armature and field 
I have also built motors with independent are equal. These results I obtain by using 
energizing-circuits of different electrical char- the same amonnt of copper or ampere turns 
acter or self~induction, through which I have in both elements when the cores of both are 

25 passed an alternating current the phases of eqnal, or approximately so, and the same cur- 75 
which were al'iificiallydistorted by the greater rent energizes both; or in cases where the 
retarding effect of one circuit ovel' another. currents in one element are induced to those 
I have also constructed other forms of motor of the other I use in the induced coils an 
operating by magnetic or electric lag, which excess of copper oyer that in the primary 

30 it is not necessary to describe herein in detail. element or conductor. 8.) 
although my present invention is applicable -While I know of no way of illustrating this 
thereto. In such moiors I use an armature invention by a drawing snch as will meet 
wound with a coil orcoils,which is sometimes the formalreq uirements of an application for 
connected with the external circuitalld S0111e- patent, I have appended for convenience a 

35 times closed npon itself, and to both forms cOllventional figure of a motor such as I 0111- 85 
the present invention applies. In these 1110- ploy. I would state,however, that I believe 
tors the total energy supplied to effect their that with the problem before him which I 
operation is equal to the sum of the energies have herein stated, and the solution which I 
expended in the armature and the field. The have proposed, anyone skilled in the art will 

4') power developed, however, is proportionate be able to carry out and apply this invention 90 
to the product of. these quantities. This pro- without difficulty. 
duct will begreatostwhen theseqnantities are' Generally speaking, if the lllass of the cores 
equal; hence in constructing a motor I deter- of armature and field be equal, the amount 
mine the mass of the armature and field 'cores of copper or ampere tu rus of the energizing-

45 and the windings of both and adapt the two so coils on both should also be equal; but these 95 
as to equalize as nearly as possible the mag- conditions will be modified in ,veIl-understood 
neticqnantities of both. Inlllotorswhichhave ways in different forllls of machine. It will 
closed armature-coils this is only appro xi- be understood that these results are most ad
mately possible, as the energy manifested in vantageous when existing under the con-

50 the armature is the result of inductive action ditions presented when the'motor is running 100 
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with ,its nOl'malload, and in cal'l'ying out t,he 
invention this fact shoulc1 be ta.ken into con
sideration. 

Refei'ring to the dra;wing, A is the field
S magnet, B the armature, C the field-coils, and 

D the armature-coils, of the motor. 
The motors described in this application, 

except as to the features specificaJly pointed 
out in the claims, are described and claimed 

10 in prior patents granted to and applications 
filed by me, and are not herein claimed. 

'What I claim is-

1. An electro-magnetic motor having field 
and armature magnets of equal strength or 
ma.gneticquantitywhen energized by a given IS 
cmrent, as set forth. 

2. In an alternating - current motor, thc 
combinat.ion, with field and armature cores 
of equal mass, of energizing-coils containing 
equal amounts of copp<"r, as herein set fOl'th. 20 

NIKOLA TESLA. 
Witnesses: 

ROBT. F. GAYLORD, 
FRANK E. HARTLEY. 
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To all wh07n it 71'bay concern: 
Be it known that I, NIKOLA TESLA, It sub

jectof the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re-

5 siding at New York, in the county and State 
of New York,have invented certain new and 
useful Improvements in Electro - Magnetic 
Motors, of which the following is a specifica
tion, reference being had to the drawings ac-

10 companying and forming a part of the same. 
This invention relates to that form of alter

nating-current motor invented byme,in which 
there are two or more energizing - circuits 
through which alternating currents differing 

15 in phase are caused to pass. I have in prior 
patents and applications shown various forms 
or types of this motor-first" motors hlJ,ving 
two or more energizing-circuits of the same 
electrical character, and in the operation of 

20 which the currents used differ prima,rily in 
phase; second, motors with a plurality of en
ergizing-circuits of different electrical char
acter, in or by means of which the difference 
of phase is produced artificially, and, third, 

25 motors with a plurality of energizing-circuits, 
the currents in one' being induced from 
currents in another. I shaH hereinafter 

, show the application of my present inven
tion to these several types. Considering the 

JO structural and operative conditions of any 
one of them-as, forexalhple, that first
named-the' arni.ature ,which is mounted to 
:rotate in Obedience to the co-operative in
fluence or action of the energizing-circuits has 

35 coils wound upon, it which are closed upon 
themselves and in which currents are induced 
by the energizing-qurrents with the object and 
result of energizing the armature-core; but un
der any such conditions as must exist in these 

40 motorsit is obviolls that a certain time must 
elapse betwflen the manifestations of an ener
gizing-current impulse in the field-coils, and 
the corresponding magnetic state or phase in 
the armature established by the current in-

45 duced thereby; consequently a givenlllagnetic 
influence or effect in the field which is the di
rect result of a primary-current impulse will 
have become more or less weakened or lost 
before the corresponding effect in the anlla-

So ture indirectly produced has reached its 
maximum. This is a condition unfavorable 

to efficient working in certain cases-as, for 
instance, when the progress of theresultant 
poles or points of maximnm attractioll is very 
great, or when a very high nnmber of alter- 55 
nations is employed-for it is apparent that 
a stronger tendency to rotation will be main
tained if the maximnm magnetic attractions 
or conditions in both armature and field co
incide, the energy developed by a motor be- 60 
ing measured by the product of the magnetic 
quantities of the armature and field. 

The object, therefore, in this invention is 
to so construct or organize these motors that 
the maxima of the magnetic effects of the 65 
two elements-the armature and field-shall 
more nearly coincide. This I accomplish in 
various ways, which I may best explain by 
reference to the drawings, in which various 
plans for accomplishing the desired rel"ults 70 
are illustrated. 

Figure 1: This is a diagrammatic illustra
tion of a motor system such as I have described 
in my prior patents, and in which the alter
nating CUl'rents proceed from independent 75 
sources and differ primarily in phase. 

A designates the field-magnet or magnetic 
frame of the motor; B B, oppositely-located 
pole-pieces adapted to receive the coils of one 
energizing-circuit; and C C, similar pole- 80 
pieces for the coils of the other energizing
circuit. These circuits are designated, re
spectively,by DE, the conductor D" forming 
a common return to the generator G. Be
tween these poles is mounted an armature- 85 
for example, a ring or annular armature, 
wound with a series of coilsF, forming a 
closed circuit or circuits. The action or op
eration of a mowr thus constructed is now 
well understood. It will be observed, how- 90 
ever, that the magnetism of poles B, for ex
ample, established by a current-impulse in 
the coils thereon, precedes the magnetic effect 
set up in tIle armature by the induced cur
rent in coils F. Consequently the mutual 95 
attraction between the armature and field
poles is considerably reduced. The same con
ditions wIll be found to exist if, instead of 
assuming the poles B or C as acting inde
pendently, we regard thfl ideal resultant of 100 

both acting together, which is the real concH
tion. '1'0 remedy this, I construct the motor-
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field with secondary poles 13' C', which are 
situated between the others. 'l'hese pole
pieces I wind with coils D' E', the former in 
dei-ivation to the coils D, the latter to coils E. 

5 The main or primary coils D and E are wound 
for a different sef-induction from that of the 
coils D' and E', the relations being so fixed 
that if the currents in D and E differ, for ex
ample, by a qnarter-phase, t.he currents in 

TO each secondary coil, as D' E', will differfrom 
those in its appropriate primary D or E by, 
say, forty-five degrees, or obe-eighth of a pe
riod. 

I explain the. action of this motor as fol-
15 lows: Assuming that an impulse or alterna

tion. in circuit or branch E is just beginning 
while in the branch D it is just falling from 
maximum, the conditions of a quarter-phase 
difference. The ideal resultant of the at-

20 tractive forces of the two sets of poles 13 0 
therefore may be considered as progressing 
from poles 13 to poles 0 while the impulse in 
E is rising to maximum and that in D !s fall
ing to zero or minimum. The polarity set up 

25 in the armature, ho.wever, lags behind the 
·manifestations of field magnetism, and hence 
the maximulll points of att.raction in al'll1a
hue and field, instead of coinciding, are an
gularly displaced. This effect is counteracted 

30 uy the supplemental poles H' 0'. The mag
netic phases of these poles succeed those of 
poles 13 0 by the same, or nearly the same, 
period of time as elapses between the effect 
of the poles TI 0 and the corresponding in-

35 duced effect in the armature; hence the mag
netic conditions of poles TI' 0' and of the 
armature more nearly coincide and a better 
result is obtained. As poles 13' 0' act in con
junction with the poles in the armature es-

40 tablished by poles 13 0, so in turn poles 0 B 
act similarly with the poles set up uy 13' 0', 
respectively. Under such conditions the re
tardation of the magnetic effect of the anna
ture and that of the secondary poles will bring 

15 the maximum of the two more nearly into 
coincidence and a correspondingly-stronger 
torque or m~gnetic attraction secUl'eel, 

In such a disposition as is shown in Fig. 1 
it will be observed that as the adjacent pole-

50 pieces of either circuit are of like polarity 
they will have a certain weakening effect 
npon one another. I therefore prefer to re
move the secondary poles from the direct. in
fluence of the ot.hers. This I may do by cou-

55 structiug a motor with two independent sets 
of fields, and with either one or two armatures 
electrically cOllnected, or uy using two arma
t.ures and one field. These niodifications will 
be illustrated hereinafter. 

f 0 Fig. 2 is a diagrammatic illustration of a 
motor and system in which the difference of 
phase is artificiallyprochtced. 'l'hereare two 
coils D D in one branch and two coils E E in 
the other branch of the main circuit from 
the generator G. These two circuits or 
branches are of different self-induction, one, 
as D, being higher than the other. For C011-

venience I luwe indicated this by making 
coils D much larger than coils Eo By reason 
of this difference in the electrical character 70 

of the two circuits the phases of current in 
one are retarded to a greaterexteut than the 
other. Let this difference be thirty degrees .. 
A motor thus constructed will rotate under 
the action of an alternating current; but as 75 
happens in the case previously described the 
corresponding magnetic effect.s of the arma
ture and field do not coincide owing to the 
time that elapses between a given magnetic 
effect in the armature and the condition of 80 
the field that produces it. I therefore em
ploy the secondary or supplemental poles B' 
0'. There being thirty degrees difference of 
phase between the currents in coils D E, t,he 
magnetic effects of poles TI' 0' should corre- 85 
spond to that produced by a current differing 
from the current in coils D 01' E by fifteen 
degrees. This I may accomplish by winding 
each supplemental pole B' 0' with two coils H 
H'. The coilsH are included in a derived cir- 90 
cuit having the same self-induction as eircuit 
D, m!d coils H' in a eircuit having the same 
self-induction as circuit E, so that if these cir-
cui ts differ by thirty degrees the magnetism of 
poles TI' 0' will correspond to that produced 95 
by a current differing from that in either D 
or E by fifteen degrees. This is true in all . 
other cases. For example, if in Fig. 1 the 
coils D' E' be replaced by the coils H H' in
clr\,c1ed in derived circuits, the magnetism of 100 

the poles 13' 0' will corresl'lond in effect or 
phase, if it may' be so termed, to that pro
duced by a current differing from that in 
either circuit D or E by forty-five degrees, or 
one-cighth of a period. 105 

This invention as applied to a derived-cir
cuit motor is illustrated in Figs. 3 and 4. The 
former is an end view of the motor with the 
armature in section and a diagram of connec
tions, and Fig. 4 a vertical section through r TO 

the field. These figures are also drawn to 
show one of thec1ispositions of two fields that 
may be adopted in calTying out the invention. 
The poles D BOO are in one field, the re
maining poles in the othei.. The former are II 5 
wound with primary coils I J and secondary 
coils I' J', the latter with coils K L. The pri
mary coils I,J are in derived circuits, between 
which, by reason of their different self-induc
tion, there is a c1ifference of phase, say, of I20 

thirty degrees. The coils I' K are in circuit 
with one another, as also are coils J' L, and 
there should be a difference of Dhase between 
the currents in coils K and L ailc1 their corre
sponding primaries of, say, fifteen degrees. I 25 
If the poles TI 0 are at right nngles, the arm a
tme-coils should be connected c1irectly across, 
or a single armature-core wound from end to 
end may be used; but if the poles B 0 be in 
line there should be an angular displacement r 30 
of the armatnre-coils, as will be well under
stood. 

The operation will be understood from the 
foregoing. The maximumll1agnetic conditiOll 
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of a pair of poles, as B' B/, coincides closely coils, of main and supplemental field magnets 
with the maximulll effect in the armature, or poles, one set of which is adapted to ex
which lags behind the corresponding concli- hibit their maximum magnetic effect simul-
tion in poles B B. taneously with that set up in the armatllre 20 

There are many other ways of carrying ont I' by the action of the other, as set forth. 
this invention, but they all involve the same 2. In an electro-magnetic motor, the combi
broad principle of construction and operation. nation, with an armature, of a plurality of 

In using expressions herein to indicate a field or energizing coils included, respectively, 
coincidence of the magnetic phases 01' effects in main circuits adapted to produce a given 25 

10 in one set of field-magnets with those set up difference of phase and snpplemental or sec
in the armature by the other I refer only to ondary circuits adapted to produce an inter
approximate results; but this of course will mediate difference of phase, as set forth. 
be understood. NIKOLA TESLA. 

What I claim is- Witnesses: 
1. In an alternating-current motor, the com- R. .r. STONEY, Jr., 

bination, with an annatme wound with closed JOHN GILLERPIE. 
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To all Wh0111J it may concern: 
Be it known that we, ALBERT SCHMID and 

NIKOLA TESLA, citizens, respectively, of the 
Republic of Switzerland and Smiljan, Lika, 

5 border country of Austria-Hungary, now re
siding in Allegheny and Pittsburg, both in 
the county of Allegheny and State of Penn
sylvania, have invented a certain new and use
ful Improvement in Armatures for Electric 

10 Machines, (Case No. 310,) of which the fo11ow
ing is a specification. 

The in vention relates to the construction of 
armatures for electric generators and motors, 
and the object is to provide an electrically-

[5 efficient armature, the construction of which 
is simple and economical, and in which the 
coils:of insnlated conducting wire or ribbon 
may be conveniently wound or formed into 
bobbins so located with reference to the body 

20 of the armature as to afford as good results as 
possible. 

For certain purposes it is desirable to COll

struct the armatures of electric generators and 
motors with their cores of magnetizable mate-

.25 rial projecting through the coils into close 
proximity to the field-magnet poles. vVhen 
armatures are constructed in this manner, 
some means are necessary for holding the coils 
in position and preventing them from being 

30 thrown out by centrifugal force. 
This invention aimsto provide such means 

in an armature having polar projections, and 
also to form an armature in such manner as 
to expose a large area of core-surface to the 

35 field-magnet poles. 
The inyention consists, in general terms, in 

forming an armature-core which is preferably 
built up of laminal of magnetizable material 
insulated from each other, with diverging 

40 slots or openings for receiving the armature 
wire or ribbon, which slots are connected with 
the exterior of the armature by openings 
through which the wire may be laid in the 
slots, and in placing the wire in such slots in 

45 the proper manner. 
'Ve are aware of the United States Patents 

No. 327,797, granted to Iminisch; and No. 
292,077, granted to vVenstrom, and the British 

patent of Coerpel', No. 9,013 of 1887, and do 
not claim the constructions shown and de- 50 
scribed therein .. 

The invention will be described more par
ticnlarly in connection with the accompany-
ing drawings, in which- . 

Figme 1 is an end view, partly in section, of 55 
an armatme embodying the features of the in
vention, and Fig. 2 is a plan of the armature. 

Referring to the figurt;ls, F F indicate field
magnet poles, and A represents the body or 
core of an armature composed, in this in- 60 

. stance, of laminal of magnetizable material 
built up in any suitable manner, the laminre 
being preferably separated by intervening 
strata oE insulating material. The individual 
plates or laminal are constructed with radial 65 
openings c, extending a short distance from 
the surface, and with slots or openings b, which 
extend in different directions from the open
ings c. The slots diverge from each other at 
such angles as to cause the two slots upon the 70 

opposite sides of each web e thus formed to 
lie in the same chord of the circle of the arma
ture. The plates may also be stamped or 
formed with openings G to remove the un
necessary metal. After the plates are formed 75 
they are laid up in the proper manner to form 
tho entire armatur-core, the slots b being 
placed opposite each other to form continuous 
openings through the entire length of the 
ai·matl1re. These openings may be lined by 80 
pockets h of insulating- material-such, for 
instance, as vulcanized- fiber-and the wires 
are then wound into the slots from the open
ings c and around the respective webs e. 
vVinding-clips 7" may be placed at the respect- 85 
ive ends of the armature opposite each web e 
to hold the wires in the proper positions as 
they are wound in the slots and down upon 
the armature ends. 

The wires haYing been wound into their 90 
propel' positions, they may be held more se
curely in position by means of blocks K of 
non-magnetic material, placed at intervals or 
extending through the entire .slots or open-
ings c and projecting into the slotsb. 95 

An armature constructed ill the manner 
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described is found to be very efficient in its 
operations and at the same time simple in 
its construction. 

The connections between the armature-coils 
5 and the conductors or collecting-plates may 

be made in any usual well-known manner, ae
cording to the pnrposes desired to be served. 

",Ye claim as OUI' invention-
1. A core for electrical machines, composed 

10 of plates of magnetizable material scparated 
by insulation, said plates having diverging 
slots for receiving the armature-conductors 
anclan opening to the exterior of the plate at 
the origin of the eli verging slots. 

15 2. A core - plate for electrical 'machines, 
stamped with diverging slots at intervals near 
its periphery and an opening to the periphery 
at the angle formed by eadl two lU\'erging 
slots. . 

20 3. A core for electl'ic~tllllachines, composed 
of plates of magnetizable material separated 
by insulation, said plates having diverging 
slots for rcceiving the annature-collductors 

. and an opening to the exterior of the plate at 
25 the origin of the diverging slots, the width of 

such openings being approximately equal to 
the width of the slot. 

4. An armature-core for electric machines, 
consisting of plates of magnetizable material 

30 separated by insulation, having' radial open
ings at intervals, slots diverging from said 
opeuings for receiving armature-coils, and 
winding blocks or clips at the ends of the core. 

5. An armatme-core for electrical appara-
35 tus, composed of plates of magnetizable ma-

terial separated by insulation and having 
rar1ial openings at intervals, slots extending 
in opposite directions from said openings for 
recei ving wires, and insulating-linings for said 
slots. 40 

6. An armature for eleetl'ic machines, eon
sisting of it laminated core formed with di
verging slots for receiving the wires, said slots 
le~LVing intervening webs, and coils of wiro 
wound in said slots. 45 

7. An armature for electric machines, con
sisting of a laminated core forme(l with di
verging slots for recei ving the wires, said slots 
leaving intervening webs, coils of wire wound 
in said slots, and non-magnetizable material 50 
closing the openings of the adjacent slots out
side the wires, substantially as described. 

S. An armature for electric machines, con
sisting of a core having' its outer surface COIl
tinuous except for narrow longitudinal opcn- ~~ 
ings at intervals and having slots diverging 
from said openings, armature-coils wound in 
said slots, and blocks or strips of non-mag
netizable material closing the openings and 
forming with the metal of the armatUl'o a 60 
practically contin nOlls sul'face. 

In testimony whereof we have hereunto 
subscribed onr nallles this 25th day of .Tuno, 
A. D. ISSD. 

~Witnosses: 

ALBERT SCHMID. 
NIKOLA TESLA. 

vV. D. UPTJ~GHAFF, 
CHARLES A. TERRY. 
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ELECTRO-MAGNETIO MOTqR. 

SPECIFICATION forniing -Part of Letter. Patent No. 418,248, da.ted pecamber 31, 1689 • 
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Application filed .~,. 20, 1889 •. Seti&llio. 311,(~0. (No mod.l.) 

.To allwlwm it may con~l'n:·.. ... ·E. (Sho~n, for. better illns·tration, as cif dif-.. 
Be it known that I, NIKOLA TEStA, a sub- fim~nt diameters.) . . .. • 

ject of 'the EmperOl: of A:ristl'ia-Uurigary, for- One. end of·coil A conn.ects to one rin~\ as.;.· 
merlyof Smiljau,Lika, !;>order countl'y of AUEI- 0, and one end of coilB connects with ring D. 55 

5 tria-Hungary, but now ~idiilg at N,:ewYor~. The remaining.endsare connectep- to·ringE. 
in the county I:l.nd State~of. New.York, have Collecting springs or brushesF G H bear 

. lnyented certain.1lewR.nd· ilsefttl ImproV'e-. upon :the· rings and lead to t.he contact!! of It 
menta in MethQ<ls of Operating Elertr:o~ Mag- switch, to be hereinafter described. The field~ 
net\c~q~.()rs, of wldeh the following IS /s'speci- coils have their terminals in binding-p()sts K 60 

10 .fication,-reference heinK had to. the dra.wiilg K, and inay be -either c19sed upon themsel ve~ 
. a.coompanying.and fOl'mingapal'to(th~·ssme. or connected with a source of direct current 

... In .11. pa.ten~ gran~,to me April 16, 1889, Lby ID.earls'of a· switch M. rl'he main or con
No. 401,520, 1 have shown. anddescriOOd a trolling. switch bas five contacts a Qed e and 
methodof·operatirig alh~rnil.ting~ctii'i·ellt..mo- two l~v(\rs f g, pivoted and connected by an 65 

15 to.M by ilTSt s~i~t~pgor1'f?ta1Jng tlleir·lUag-. insulating cross-bar h,so as tq nwve in paral
netic poles untIl they had reaChed or pa&Sed lelism.· These . levers are ,connecteq. to the 

. a synchYQnoUs speed.a:ud therialtel'natingt-he litie~:wil'es from·8o source of alternating cur· 
pol~or, in other ·words, by transforming the :rents N: . Qon tact· a is-·connected· to brush. G 

'DlotorbYlI.chang-eof circilit-Connections from and coil B throu~h a dead-resistance Rand 70 
20·~me operated by the action of. two qr more in- wire P .. Contact 0 is connecfed,with brush F. 

dependeutenergizing~urrent-s to a motor op: and {lbil A through a se1f-ind~ction.coilS and· . 
era.tedbya siI.lglecu1!rent of.several acting Wire O;·COritacts. c and e are connected·tAj 
as one. .. . ... '. . . brushes G F, respectively,-through the wirey .I 

. The present invelltlOnis a specific way of p.O, and con1act dis directly connecteQ. wit!} 73 
.25 C&17ying out the ssIIl.e inV'cntion; and it cori- .brush H. The lever f has a widened end't 

sists hi t~e following 1D'eth¢: ·On the start.I . which may span t.he contacts a b. WhIm in 
progressi'V~Y8hift the magnetic poles of one such position and with lever g on contact ·(l, 
element or field o(the mot·.w by alternating the al~ermi.tiDg currents divide between t,he 
~urrentBdifferiilgJrip~Elag .pa..'lSedthrough two motor-coils, Itndby n~ason of tbeir dif- 80 

30 independent e~erg~ng-circuiJ;s ·Il.nd short- ferEint self-induction .8, difference of current
circuit the coils of-the other element. 'Vhen .phase i.s·obffi~ried that. starts the mowr in 1'0-
Lhe motor thus st.artedreache!for passes the tation. In starting, as I have above statcd, 
limit of sp~ synchrti'no1;ls .with the genera- 'the field-coils.aresbort-Circuited. 
tor, I connect up the coils previo~lYl!hort- . Whenthe moter has attained the desired 85 

35. circuited With a source ~f direct current and 'speed, the switch is shifted to the position 
bya·change of the circuit-connections pro· shown in dotted lihes'-thllt is to say, with the 
duce a Bi~ple alternation of the poles. rfhe leversf gre8ting on points ceo Thisconnects 
motor then continues ~ run in synchronism· up the two armature-coils in &eri08, and t.he 
with the generator; rl'here a'l"e many specific~ . motOr. will then'l"mas a synchronous m6tor. 90 

40 ally-dil'ferent ways in .which this may be car- The· neld-coils·are thrown into circuit wjth 
ried Qutr; but 1 have select-ed one for illustrat- the dlrect--CUl'rellt·soln;ce w~en the' main 
iug the principle.· This is illustrated in t,he ·switch IS shifted. 
anne~ed drawing, which is a side view of a What I clainl nerein as my invention is:-
motor with a. di~ram of tIle circuits and de- 1. Theniethod of operatillgelectro - mag- 95 

45 vices u~ in the system. .... netic motol'8,which consista in first pJ:Ogress-
T)1e motor'shown is one of the ordinary ively shifting or:rotating·.the magnetic poles 

.forms, with field.:oor.es 'either laminated or of ·o~e el\3ment.until it has reached a synch
BOlid and· with a·cylindricallaminated arm&- ·.nous speed and then al~rnating said poles 
ture wound, for. example, with the coi~s A B a.nd passing a diroot current through the coils lee 

50 at right. angles. The shaft of the a.rmature of the othe~ element, as herein set forth. 
ca'rrles three collecting; or. contact rings C D 2. The Dletbod of operating electro - ~ag-
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netic motors, which consists in .short-circuit
iog the coils of one element, as the field-mag~ 
net, and passing throngh the energizing-coils 
of t.he other element, as the armature.alter-

S ,nating,eUl:~nts differin~. in phase, ·itn1. !:~f1P" _ 
,'- 'wneD. tJle lllotor iias atmilleda given: 'speed, I 

pit.<;sing thI'Qugh the field-coils a direct CUI'-

rent and through the arma.ture-coils altern at- ' 
iug curre'lts coinciding in phase. 

"Wi.tru:s.13e~,; , " 
R. .T. STONEY, J I'., 
KP. COFFIN. 

NIKOLA TESLA.· 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECrrRIU 
COMPANY, OF SAME PLACE. 

ELECTRO-MAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 424,036, dated March 25, 1890. 

Application filed May 20, 1889. Serial No. 311,416. (No mocleL) 

"'-
To all who71'& it 71UlY concern: Figure 1 is a side view of the motor in ele-

Be it known that I, NIKOLA TESLA, a su bject vation. Fig. ~ is a part-sectional view at 
of the Emperor of Austria - Hungary, fl;om right angles to Fig. 1. Fig. 3 is an end view 55 
Smiljan, Lika, border country of Anstria-I-Iun- in elevation and part section of a moclifica-

5 gary, residing at New York, in the county ancl tion, ancl Fig. 4 is a similar view of another 
State of New York, have invented certain new modification. 
ancl llsefullmprovements in Electro-Magnetic In Figs. 1 and 2, A dcsignates a base or 
Motors, of which the following is a specifica- stand, ancl B B the supporting-frame of the 60 

tion, reference being hacl to the drawings ac- motor. Bolted to the said supporting-frame 
TO companying and forll1ing a part of the same. are two magnetic cores or pOle-pieces C Ct

, of 
I have invented and elsewhere described iron or soft steel. These may be subt1ivided 

anelectro-magneticmotoroperatcdoradapted or laminated, in which case hard iron or steel 
to be operated by an alternating electric CUl'- plates or bars should be useel, or they should 65 
rent, and which is now commonly designated, be wound with closed coils. D is It circular 

15 whether correctly 01' not, a "magnetic-lag" clisk-armatme built up of sections or plates of 
motor. The main distinguishing features of iron and mounted in the frame between the 
this motor are the following: An armature is pole-pieces C C', which latter are prcferably 
mounted within the magnetizing influence of curved to conform to the circular shape there- 70 

a certain number of field magnets 01' poles of of. I may wind this c1isk with a number of 
20 different magnetic sllsceptibility-that is to closed coils E. F F are the main energizing

say, poles of unequal length, mass, or COIll- coils, snpportecl in any convenient manner by 
position-and wound with coils adapted in the supporting-frame, or otherwise, butso as to 
the operation of the motor to be connected include within their magnetizing influence 75 
to a sonrce of alternating curl'fmts. When both the pole-pieces C C' and the armature D. 

25 an alternating current is passed through the rrhe pole-pieces C C' project out beyond 
coils of snch a motor, the field magnets or the coils F F 011 opposite sides, as indicated 
polesdonotappeartomanifesttheirattractive in the drawings. If an alternating current 
effect upon the armature simultaneously, the be passed through the coils F F, rotation of 80 
magnetic attraction of some appearing to lag the armature will be produced, al1l1 this rota-

30 behind that of others, with the result of pro- Uon I explain by the following apparent ac
clucing a torque and rotation of the motor. tion 01' mode of opemtion: An impulse of 
Generally I have made snch motors with current in the coils F F establishes two polari-
closed armature-coils. ties in the motor. The protruding end of 85 

I have invented another f01'111 of motor, polc-piece C, for instance, wiu be of one sign, 
35 which, for similar reasons, lllay be called a and the cOl'l'eSpOn(lillg em1 of pole-piece C' will 

"magnetic-lag" motor; but in operation it c1if- be of the opposite sign. The Hrmatlll'e also 
fers from that which I have above describec1 exhibits two poles at right angles to the coils 
in that the attractive effects or phases of the 15' F, like poles to those in the pole-pieces 90 

poles, while lagging behind the phases of.cnr- being' on the same side of the coils. ·While 
40 rent which produce them, are manifested si- the cUl'rent is flowing there is no appreciable 

lllultaneouslyand not successively. tendency to rotation developed; but after 
To carry out this invention I employ a 1110- each current impulse ceases or begins to fall 

tor emhodying the principle of .construction . the magnetism in the armature and in the 95 
of a motor described and claimed in an ap- ends of tile pole-pieces C C' lags or continues 

45 plication filed by me January S, ISS!), No. to manifest itself, which produces a rotation 
295,745, to the extent that both the armature of the armaturc by the repellent force be
and field receive their magnetism from a sin- tween the more closely approximating points 
gle energizing-coil or a plurality of coils act- of maxirnllm magnetic effect. This effect is 100 

ing as one. continuec1 by the reversal of current, the po-
I 50 A motor which embodies my invention, larities of field nu(1 u,rlllatnre being simply 

with certain modifications thereof, is illus- reversed. One or both of the elements-the 
trated in the accompanying drawingB. al'll1u,tU1'0 or fielc1-"J1Hty be wound with closed 

m 7 
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induced coils to intensify this effect, althongh ends of opposite sign and to set up in the 
in the drawings I ha\'e shown but one of the armature-core between them a polarity of the 
fields, each element of the motor rea11y con- same sign as that of the nearest pole-piece C. 
stitutes a field, wound with the closed coils, Upon the fall or cessation of the current im-

5 the currents being' induced mainly in those I pulse that established these polarities the 
co~volutions or coi.ls wh~ch are par.aUel to t1~e magnetism wl:ich lag;s behind tl~e cU;Tent 
COlIs F F. A mochfied form of thlS motor IS I phase, and wInch contmues to mamfest Itself 
shown in Fig. 3. In this form G is one of two in the polar projectiolIS C C' and the arma
standards that support the bearings for the ture, produces by repulsion a rotation of the 

10 armature-shaft. I-I II are uprights or sides of armature. The effect is contInued by each 
a frame, preferably magnetic, the ends C C' reversal of the current. 'Vhat occurs in 
of which are bent., substantially as shown, to the case of one pair of pole-pieces occnrs si
conform to the shape of the armature D and multaneously in aU, so that the tendency to 
form field-magnet poles. The construction of rotat.ion of the armature is measured by the 

. 15 the armature may be the same as in the pre- sum of all the forces exerted by the pole
vious figure, or it may be simply a magnetic pieces, as above described. In this motor 
disk or cylinder, as shown, and a coil or coils also the magnetic lag or effect is intensified 
F F are secured in position to surround both by winding one or both cores with closed in
the armature and the poles C C'. The anna- dneed coils. The armature-core is shown m; 

20 tllre is detachable from its shaft, the latter thus wound. 'When closed coils arc nsed, the 
being passed through the armature after it cores should be laminated. 
has been inserted in position. rrhe operation It is evident that a pulsatory as weli as an 
of this form of motor is the same in principle alternating current might be nsed to drive or 
as that previously described and needs no operate the motors herein c1esC!'ibecl; but I 

25 further explanation. prefer to use alternating currents. 
One of the most important features in alter- It will be understood that the (legree of 

nat,ing-eurrent motors is that they should be subdivision, the mass of theil'on in the eores, 
adapted to and capable of running efficiently their size, and the number of alternations in 
in the alternating systems in present use, in the current employed to run the motor mnst 

30 which almost without exception the genel'- be taken into cOl1sidemtiol1 in order to prop
atoI'S yield a yery high number of altema- erly construct this motor. In other words, in 
tio11s. Such a motor I have designed by a de- all sl1ch motors the proper relations between 
ve10pment of the principle of the motor the number of alternations and the mass,· 
shown in Fig. il, making it multipolar motol', size, or quality of the iron IUll'lt be preserved 

35 which is illustrated ill Fig. 4. In the COll- in order to SeCl1l'e the best results. These 
struetion of this motor I employ an annular are matters, however, that are well under
magnetic frame .J, with in warclly-extending stood by those skilled in the art. 
ribs or projeet.iolls Ie, the enels of which aU 'Vhat I claim is-
bend or turn in one direction· and are gen- 1. In an alternating-current Illotor,the eom-

40 emIly shaped to conform to the curved SUl'- bination, with the armature and field-cores, 
face of the al'll1ature. Coils F F are wound of stationary energizing-coils enveloping the 
from one part Ie to the one next adjacent, sttid cores and adapted to produce polarities 
the ends or loops of each coil 01' group of or poles in both, the field-cores extendingont 
'wires being carried over toward the shaH, from the coils and constructed so as to ex-

45 so as to form U-slnped groups of c011vo1u- hibit the magnetic effect imparted to them 
tions at each end of the armature. The pole- after the fall or cessation of current impulse 
pieces C C', being substantia11y concentric prOducing snch effect, as set forth. 
with the armature, form ledges, along which 2. In an alternating-current motor, the com
the coils are laid and should project to bination, with an armature-core circular in 

50 some extent beyond the coils, as shown. The configuration, of a supporting-frame, field
cylindrical or drum armatnre Dis of,the same cores extending therefrom over portions of 
construction as in the other motors described, the periphery of the armature, and ellergiz
and is mounted to rotate within the annular ing-coilssurronndingsaid armature and parts 
frame J and between the U -shaped ends 01' of the field-cores, as set forth. 

55 bends of the coils F. rrhe coils F are connected 3. The combination, with the rotatably-
in multiple or in series with a source of alter- mounted armature, of the circnlar frame J, 

----~ nating' cnrrents, and are so wound that with a the ribs Ie, with polar extensions extending 
~--.~,-- current or cnrrent iInpnlse of given c1irectjon over portions of the arll1ature, and the enGr ... 

they will make the alternate pole-pieces C of gizing-coils F, wound over portions of the po1e- , 
60 one polarity and the other pole-pieces C' of pieces and calTiecl in loops over the ends of 

the opposite polarity. The principle of the the ll1'1nat1ll'e, as herein set forth. 
operation of this motor is the same as the other 
herein described, for, considering any two NIKOLA TESLA. 
pole-pieces C C' , a current impulse passing Witnesses: 

65 in the coil which bridges them or is wound R. J. STONE\', Jr., 
over both tel1l1sto est[l,blish polarities in their E. P. COFFIN. 
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'PYROMAG~ETO·ELECTRI.C GENERATOR'. 

SPECIfICATION forming part of Letters Patent No. 428,057, dated :Ma113, iS90. 

Orjgin~llIpplicatlon filed ](&128,1887; 8erialli(239,481. Divided and thliappllClltion lIled )(al' 25, 1889. BerlaUro.312,06.1), 
. liD model.)' . , 

----'-. 
To all whom it 1naY concern: , 

Be it known that I, NIKOLA TESLA, a sub
ject of the Emperor of Austria-Hungary, from 
Smiljan, Lika,.l~ord¢r coun try of Austria-II un-

5 gary, tesiding at New York, in the count.y and 
State of New¥ork, have invented certain new 
and usefulImpr9vements in Electrical Geriera
tors, of which the following is a specification .. 

This application is a division of an applica-, 
10 Uon filed by me May 26, 1887,SeriaI No. 239,481. 

This invention is an improved form of 
electrical generator based upon the folLowing 
well-kuown laws: First, that electriCity 1>'1' 
electrical energy is developed in any conduct-

IS ing~body by stibjecting such body to ~ vary
ing magnetic influence, and, second, tuat the 
magnetic properties of iron or other magnetic 
substance 'may' be partially or entirely.de
stroyeo. or causeo. to disappear by raising it 

20 toa certain temperature, but restoreo. and 
caused to reappear by again lowering its tem
perature toa-certain degree. These laws may 
be applied inthe production of electrical cur
,tents in many ways, the principle of which is 

2'i in all cases the same-viz., to subject a con~ 
, ductor to a varying magnetic influenc~, pro
dnci~g such variations by the application of 
heat, or, more strictly speaking, by the appli
cation Qr actj,,,n of a varying temperature 

30 upon the source of the magnetism. . This pHu
ciple of operation may be illustrated by a sim~ 
pIe experiment: Place end to. end, and pref
erablyin actual contact, a permanently-mag
netiied steel bar and a strip or bar of soft 

35 i~oil.Around the end of the iroIibaror plate 
. wind a coil of insulated wire;' Tblln apply to 
the iron between the coiLand the steel bar 8. 
flame or' other souroe of heat which will be 
capable of raising that po'rti~ri of the iron to 

40 an or1l<nge.red, or a temperatnre of about 6000 

centigr1l<de. When this condition is reached, 
the iron somewhat suddenly loses its magnetic 
properties, if it be very thin, ano. the same 
effects proo.uced as though the iron had been 

45' moved away from the magnet 0: the heated 
. '. section had been removed. Thls change of 

cOndition, however, is accompanied by a shift
ing of the magnetic lines, or, in'other words, by 
a variation in the magnetic lnllueI)ce to wh}~h 

the lloil]~ exposed, and a cnrrent in the coil 50 
is tl}e result.,·Then remove the flame or ilJ 
any other way reduce. the temperature of the 
iron. The lowering of its temperatur(\ is.ac
companied by a return of its magnetic prop
e~t~es, an~ another chan~e of magnetic CO~l- 55 
dltlOns occurs, accOInpanled by a current m 
an opposite direction in the coil. , The same 
operation may be rep~ated indefinitely, the 
effect upon the .coil being simila.r to that 
wnich would follow from .movi,ng the magnet- 60 
i?,ed bar to and from the end of the iron bar 
or plate.. , 

The device forming the subject of my pres
ent inyentien is.. an improved means of ob
tainingthis result, the features of novelty in 65' 
which the.invention resio.es being, first, the em
ployment of 'an artificialllooling device, and" 

· second, inclosing the sonrce of heat and thitt 
portion of the magnetic circuit exposed to the 
heat and artificially cooling the/said heated 70 
part. These .improvements are applicable 
generally to the generators constructed on the 
plan above described-that .is to say, I may 
use a~ artificial cooling device in conjunction 
withavarhi~le or varied or uniform SOijrce 75 
of heat;. I prefer, however, t~ employ a uni
,form heat.. 

In the drawingsI have illustrated a device 
constructed in accordance with ·my invention. 

Figure 1 is' a central vertical longitUdinal 80 
section of the complete apparatus. Fig. 2 is 
a cross-section of the magnetic armature-core' 
of the generator.· . " 

/ LetA represent a magiletized core or per- .. 
maneiltiliagnet the polefl of which are bridged 85 
by an armature-core composed of a casing or 

· shell' B inclosing a number of hollow iron 
· tubes C. Around this core are wound the 
conductors E E', to form the coils in which 
the currents are developed.' In the circuits 90 
of these'coils are· translating devices, as FP'. 

n iEj a furnace or closed fire-box, through 
which the central portion of the 'core B ex
tends. 'Above the fire is a boiler K,cont.'tin
iog water. The fineL from the fire-box may 95 
extend up through the boiler.. ... 

G is a water-supply pipe, and II is the steam
exhaust pipe, which communicates with all 
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tne tubes C in the armature B, so that steam What lclaim is-
escaping from the boiler will pass through J.. 'In an electrical generator, the combina-
said tubes. tion, with a magnetized core or body and a 

In the steam-exhaust pipe H is a valve v, conductor within the field of force produced 30 

S to which is connected the lever I, by the move- thereby, of .an inclosed source of heat applied 
ment of which the said valve is opened or to a portion of saidcol'e, and an artificial 
closed. In such a case as this the heat of the cooling device for red~cing the tempemture 
fire may be uti1i2;edfor other purposes after of the heated portion.the.reof, as'set forth. 
as mucp,of it as may be needed haS been ap- 2. Thecomblnation, with a magnetized core 3S 

[0 plied to heating the core B:. There are spe- vt·body aTlda conduct.vr uDder the influence 
cial advantages in the.emplo;y.mw of a.. cool· thereof, of 8.'J1 inclosed 8Oul'ceof heat a.pplied 
jng device, in that the metal of the core B is to a portion of said core, means for bringing 
not so quickly oxidi.zed. More.over, the dif- a COOling gas or flnid in contact with the 
ference between the temperature of the ap- heated portion of the core, and means for con- 40' 

15 plied heat and of the steam, air, or wha.t~ver . trolling the admission of the same. 
gas or fluid be applied as the"CO()ling medium, 3. The.combination, with a magnetized core 
may be increased Or decreased at will, where- containing passages or channels)" and coils 
by the rapidity of the magnetic .changeS or wound thereon, of means for applying heat to 
fluctuations may be regula.ted. aportion of the core, and: a connection with 45 

20 In so far as my presen,t invention, broo91y, a boiler for admitting steam into, the chan-
is concerned" the speci fic construction 9f the: nels, as. set forth. . 
appax:atus is largely immaterial I do not" . . 
however, clajm iIi. this. appliQation, broadly, 
theapplica.tion of a variable heat to vary the 

25 magnetic conditions of a ·field. of . force in 
which an' induced conductori$:containoo. 

Witnesses: 
R. J. STONEY, J1'., 
E.· P.· COFFIN. 

NIKOIJA TESI:.A. 
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1'0 cill WhOl1u it 7nay concern: 
Be it known that I, NIKOLA TBSLA, a sub

ject of the Empcror of Austria-Hungary, from 
Smiljan, Lika, border country of Austria-

5 Hungary, residing at Ne.wYork,in the county 
and State of New York, have invented certain 
new and useful Improvements inAlternating
Current Electro-Magnetic Motors, of which 
the following is a specification, reference being 

Ie had to the drawings accompan:y;ing and form
ing a part of the same. 

This invention is an improvement in that 
class of electro-magnetic motors in which the 
rotation is produced by the progressi ve move-

r 5 ment or effect of the maximum magnetic 
points or poles produced by the conjoint ac
tion or cffect of two energizing - circuits 
through which are passed alternating cur-

. rents, or currents of rapidly-varying strength 
20 of a kindred nature. 

The improvements subject of this applica
tion are more particularly applicable to that 
class of motors in which two or more sets of 
energizing-magnets are employed, and in 

25 which by artificial means a certain interval 
of time is made to elapse between the respect
ive maximum or minimum periods or phases 
of their magnetic attraction or effect. This 
in terval or difference in phase between the 

30 two sets of magnets, when artificially pro
duced, is limited in extent. It is desirable, 
however, for the economical working of such 
motors that the strength or attraction of one 
set of magnets should be maximum at the 

35 time when that of the other set is minimum 
and conversely; but these conditions have not 
heretofore been realized except in cases where 
the two currents have been obtaineclfrom in
dependent sources in the same or different 

[0 machines. 
The object of the present invention is to 

establish conditions more nearly approaching 
the theoretical requirements of perfect work
ing', or, in other words, to produce artificially 

rs a difference of magnetic phase by means of 
a current from a single primary sonrce suffi
cient in extent to meet the requirements of 
practical and economical working. 

In carrying out my invention I employ a 
;0 motor with two sets of energizing or field 

magnets, each wound with coils connected 
with a source of alternating or rapidly-vary
ing currents, but forming two separate paths 
or circuits. The magnets of one set I pro
tect to a certain extent ft'om the enel'gLdng 55 
action of the current by means of a magnetic 
shield or screen interposed between the mag
net and its energizing-coil. This shield is 
properly adapted to the conditions of particu
lar cases, so cl,S to shield or protect the main 60 

core from magnetization until it has become 
itself saturated and no longer capable of con
taining all the lines of force produced by the 
current. By this means it will be seen that 
the energizing action begins in the protected 65 
set of magnets a certain arbitrarily-deter
mined period of time later than in the other, 
and that by this means alone or in coiljunc
tion with other means or devices heretofore 
employed a practically-economical difference 70 
of magnetic phase may readily be secured. 

The nature and operation of the invention 
will be more fnlly explained by reference to 
the accompanying drawings. 

Figure 1 is a view of a motor, partly in sec- 75 
tion, with a diagram illnstrating the inven
tion. Fig. 2 is a similar view of a modifica
tion of the same. 

In Fig. 1, which exhibits the simplest form 
of the invention, A A is the field-magnet of a 80 
motor, having, say, eight poles or inwardly
projecting cores Band C. The cores B forIll 
one set of magnets and are energized by coils 
D. The cores C, forming the other set, are 
energized by coils E, and the coils are con· 85 
nected, preferably, in series with one another, 
in two derived or branched circuits F G, re
spectively, froIll a suitable source of current. 
Each coil E is surrounded by a magnetic 
shield II, which is preferably composed of an 9° 
annealed, insulated, or oxidized iron wire 
wrapped or wound on the coils in the manner 
indicated, so as to form a closed magnetic 
circuit around the coils and between the same 
and the magnetic cores C. Between the pole 95 
pieces or cores B C is mounted thp, armature 
Ie, which, as is usual in this type of machines, 
is wound with coils L closed upon themselves. 
The operation resulting from this disposition 
is as follows; If a current impulse be di· 100 
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rected through the two circuits of the motor, 
it will quickly energize the cores B, but not 
so the cores 0, for the reason that in passing 
through the coils E there is encountered the 

5 influence of the clo~ed magnetic circuits 
formed bv the shields H. The first effect is 
to effectively retard the current impulse in 
circuit G, while at the same time the propor
tion of current which does pass does not mag-

10 netize the cores 0, which are shielded or 
screened by the shields H. As the increasing 
electro-motive force then urges more current 
through the coils E, the iron wire H becomes 
magnetically saturated and incapable of car-

lS rying all the lines of force, and hence ceases 
to protect the cores 0, which become mag
netized, developing their maximum effect 
after an interval of time subsequent to the 
similar manifestation of strength in the other 

20 set of magn'3ts, the extent of which is arbi
trarily determined by the thickness of the 
shield II, and other well-understood concli
tions. 

From the above it will be seen that the ap-
25 paratus or device acts in two ways. First, by 

retarding the current, and, second, by retard
ing the magnetization of one set of the cores, 
from which its effectiveness will readily ap
pear. 

30 ~fany modifications of the principle of this 
invention are possible. One useful and effi
cient application of the invention is shown in 
Fig. 2. In said figure a motor is shown simi
lar in all respects to that above described, ex-

35 cept that the iron wire H, which is wrapped 
around the coils E, is in this case connected 
in series with the coils D. '1'he iron-wire 
coils H, are connected and wound, so as to 
have little or no self-induction, and being 

40 added to the resistance of the circuit F the 

action of the current in that circuit will be 
accelerated,while in the other circuit G itwill 
be retarded. The shield H may be made in 
many forms, as will be understood, and used 
in different ways, as appears from the forego- 4~ 
ing description. I do not, however, limit my
self to any specific form or arrangement; but 

vVhat I claim is-
1. In an alternating-current motor having 

two energizing-circnits, the combination,with sc 
the magnetic cores and coils of one of the cir
cnits, of interposed magnetic shields or screens 
for retarding the magnetization of said cores, 
as set forth. 

2. In an alternating-current motor having 55 
two energizing-circuits, the combination,with 
the magnetic cores and the coiltl of one of the 
circuits wound thereon, of magnetic shields 
or coils wound arollncl said coils at right an-
gles to their convolutions, as set forth. 6c 

3. In an alternating-cnrrent motor having 
two energizing-circuits, the combination,with 
the magnetic cores and the coils of one of the 
circuits which energize the said cores, of mag
netic shields forming closed magnetic circuits 6S 
around Hle coils and intet'posed between the 
coils and cores, as set forth. 

4. In an alternating-cnrrt'llt motor having 
two energizing-circuits derived from the same 
source, the combination,with the cores and the 70 
coils of one of the circuits that energizes the 
same, of insulated iron-wire coils wound on 
the said energizing-coils at right angles to 
their cOllvolutions and connected np in series 
with the coils of the other energizing-circnit, 75 
as set forth. 

NIKOLA Tl£SLA. 
Witnesses: 

ROBT. F. GAYLORD, 
PARKER vV. PAGE. 
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To all whom it may concern: 
Be it known that I, NIKOLA TESLA, a sub

ject of the Emperor of A nstria-HungaI'Y, from 
Smiljan, Lika, border country of Austria-

5 Hungary, residillg at N ewYorK, in the county 
and State of New York, have in vented certain 
new and useful Improvements in Alternating
CUl'l'ent Motors, of which the following is a 
specification, reference being had to the c1raw-

10 ings accompanying and forming a part of the 
same. 

This in yen tion relates to that class of alter
nating-cUl'rent motors in which the field-mag
nets are energized by coils connected up in 

15 two circuits del'ivec1 from the same sonrce 
and having different degrees of self-induc
tion, whereby the cnrrents in one circuit or 
branch are retarded more than in the other, 
with the result of producing n progressive 

20 ndvance or rotation of the points of maxi
mum magnetic effect in the field that main
tains the armature in rotation. In motors of 
this kind I have employed, among other 
means, a self-induction coil in one circuit and 

25 a dead-rcsistance in the other, or I have se
cured the same result by the special charnc
tel' of the winding of the two circuits, and in 
still another instance I have so constructed 
the motor that the retarded-current coils were 

30 nearly inclosed by iron, whereby the self-in
duction of such coils was very greatly in
creased. 

The invention subject of this application is 
an improvement Oil this last-named plan. 

35 In carrying out the invention I constl'l1ct 
a field-magnet having two sets of poles or in
warclly-projecting cores and placed side by 
side, so as practically to form two fields of 
force and alternately disposed-that is to 

40 say, with the poles of one set or field opposite 
the spaces between the other. I then con
nect the free ends of one set of poles by means 
of laminated-iron bands or bridge-pieces of 
considerably smaller cross~section than the 

45 cores themselves, whereby the cores will all 
form parts of complete magnetic circuits. 
"\Vhen the coils on each set of magnets are 
connecte(l in multiple circuits or branches 
from a source of alternating currents, olectro-

50 motive forces are set up in or impressed upon 
each circuit simultaneously; but the coils on 

the magnetically bridged or s11 unted cores 
will have, by reason of the closed magnetic 
circuits, a high self-induction, which retards 
the current, permitting at the beginning of 55 
each impulse bnt little cnnent to pass. On 
the other hanel, no such opposition being en
countered in the othor set of coils, the cur
ren t passes freely through them, magnetizing 
the poles on which they are wound. As soon, 60 
however, as the laminated bridges become 
saturated and incapable of carrying all the 
lines of force, which the rising electro-motive 
force, and conspqnently increased current, 
produce, free poles are developed at the ends 65 
of the cores, which, acting in conjunct.ion with 
the others, produce rotation of the armature. 

The construction in detail by which this 
inven Hon is illustrated is shown in the accom-
panying drawings. 70 

Fig'me 1 is a view in side elevation of a mo-
tor e;nbodying the invention. Fig. 2 is a ver
tical cross-section of the same. 

A is the frame of the motor, which is prefer
ably built np of sheets of iron punched out 75 
to the desired shape and bolted together with 
insulation of a proper character between the 
sheets. vVhen complete, the frame makes a 
field-magnet with inwardly-projecting pole
pieces Band C. To adapt them to the rfi- 80 
q uiremen ts of this particular case these pole
pieces are out of line with one another, those 
marked B surrounding one end of the aI'lna
ture and the others, as C, the opposite end, 
and they are disposed alternately-that is to 85 
say, the pole-pieces of one set occur in line 
with the spaces between those of the other sets. 

1'l1e armature D is of cylindrical form, and 
is also laminated in the usual way and is 
wouncllongitudinally with coils closed upon 90 
themsel yes. The pole-pieces C are connected 
or shunted by bridge-pieces E. These may 
be made independently and attached to the 
pole-pieces, or they may be parts of the forms 
or blanks stamped or pl1lJched out of sheet- 95 
iron. Their size or mass is determined by 
various conditions, such as the" strength of 
the current to be employed, the mass or size 
of the cores to which they are appplied, and 
other well-understood conditions. " roo 

Coils F surround the pole-pieces B, and 
ot.her coils G are wound on the pole-piecesC. 
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These co tis are connected in series in two 
circuits, which are braches of a circuit from a 
generator of alternating currents, and they 
may be so wound, or the respective circuits 

5 in which they are included may be so arranged, 
that the circuit of coils G will have inde
pendently of the particular construction here
in described a higher self-induction than the 
other circuit or branch. 

[0 The function of the AhuntA or bridges E is 
that they shall form with the cores C a closed 
magnetic circuit for a current up to a prede
termined strength, so that when saturated by 
such current and unable to carry more lines 

IS of force than such a current produces they 
will to no further appreciable extent inter
fere with the development by a stronger Clll'

. rent of free magnetic poles at the ends of the 
cores C. 

20 In such a motor· the current is so retarded 
in the coils G and the manifestation of the 
free magnetism in the poles C is delayed be
yond the period of maximum magnetic effect 
in poles B that a strong torque is produced 

25 and the motor operates with approximately 
the power developed in a motor of this kind 
energized by independently-generated Cllr
rents differing by a full-quarter phase. 

What I claim in this application is-
30 1. In an alternating-current motor having 

two sets or series of pole-pieces, the cOmbi-j 
nation, with one of snch sets or series, of mag-

netic shunts or bridges connecting t,heir free 
ends, as herein set forth. 

2. In an alternating-current motor having 35 
two sets or series of pole-pieces energized by 
coils in independent circuits from the same 
source, the combination, with one of the sets 
or series of pole-pieces, of magnetic shunts or 
bridges connecting t,118ir free ends, as de- 40 

scribed. 
3. In an alternating-current motor having 

a laminated or subdivided field-magnet pro
vided with two sets 01' series of cores or pole
pieces, the combination, with such pole-pieces, 45 
of energizing-coils connected, respectively, in 
two circuits derived from the same source of 
alternating; cnrrents and laminated or snb-
di vided ironsh un ts or bric1g'es of smaller cross
section than the pole-pieces and joining the 50 
free ends of all the cores or pole-pieces of one 
set to form closed magnetic circnits, as set 
forth. 

4. In an alternating-current motor, the com
bination, with a set or series of field-poles 55 
and energizing-coils wound thereon, of an in
termediate set of pole-pieces formingportionR 
of closed magnetic circuits and coils thereon 
in a circuit derived from the same source of 
altel'llating currents as the other, as set forth. 60 

NIKOLA TESLA. 
Witnesses: 

HOBT. F. GAYLORD, 
PARKER "V. PAGE. 
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To (ttl whom it ntay concern: produced, pass through thetwo cit'cuits of the 
Be it known that I, NIKOLA TEsLA, a sub- motor, a difference of phase of ninety de

ject of the Emperorof Austria-Hungary, from gt'ees; or, in other words, the curi'ent in one 
SmiIjan, Lilm, border countl'y of Austria- circuit should be maximnm when that in the 

5 Hnngary, residing at New York, in the county other cireuit is minimnm. To more perfectly 55 
and State of New York, have invented certain attain to this ~on<1ition I obtain 01' secure an 
new and useful Improveme-nts in Electrical increased retardation of the secondary cur
Transformers or Induction Devices, of which I rent in the following manner: Inst.ead of bring
the following is a specification, reference be- ing the primary and secondary coils or cir-

IO inghad to the drawings accompanying and I cnits of a transformer into the closest possi- 60 

forming a part of the same. ble relations, as has hitherto been done, I pro-
This invention is an improvement in elec- te9t in a measure the secondary ft'om the in

trical transformers or converters, and has for c1l1cti ve action or effect of the primary by sur
its main objects the provision of means for se- rounding either the primary or the secondary 

. 15 curing, first, a phase difference between the with a comparatively-thin magnetic shield or 65 
primary and secondary currents adapted to screen. U n<1er these conditions or circum
the operation of my alternating-cnrrent mo- I stances, as long as the primary current has a 
tors and other like purposes, and, second, a small value, the shield protects the secondary; 
constant current for all loads imposed npon but as soon as the primary current has reached 

20 the secondary. a certain strength, which is arbitrarily deter- 70 

In tr!1llsformers as constructed now and mined, theprotectingmagneticshield becomes 
horetofore it will be found that the electro- saturated and the inductive action npon the 
motive force of the secondary very nearly co- secondary begins. Itresults, therefore, that the 
incic1es ,yith that of the primary, being, how- secondary current begins to flow at a certain 

25 ever, of opposite sign. At the same time the fraction of a period later than it would without 75 
currents, both primary and secondary, lag be- the interposed shield, and since this retarda
hind their respective electro-motive forces; tion may be obtained without necessarily. re
but as this lag is practically or nearly the tarding the primary current also, an addi
same in the case of each it follows that the tionallag is secured, and the time interval be-

30 maximum and minimum of the primary and tween the maximum or minimum periods of 80 
secondary currents will nearly coincide, but the primary and secondary currents is in
differ in sign or direction, provided the sec- creased. I have fl1l'ther discovered that such 
onc1ary be not loaded or if it contain devices a transformer may, by properly proportion
having the property of self-induction. On ing its several elements and determining in 

35 the other hanel, the lag of the primary behind a manner weU understood the proper relations 85 
the impressed electro-motive force may be di- between the primary and secondary windings, 
minished by loading the secondary with a 110n- the thickness of the magnetic shield, and other 
inductive or c1eadl'esistance-such as incan- conditions, be constructed to yield a constant 
descent lamps-whereby the time interval be- current at all loads. No precise rules can be 

40 tween the maximum or the minimum periods given for the specific construction and pro- 90 

of the primary and secondary currents is in- portions for securing the best results, as this 
creased. This time interval, however, is lim- is a matter determined by experiment and 
ited, and the results obtained by phase clif- calculation in particular cases; but the gell
ference in the operation of such devices as eral plan of construction which I have de-

-1-5 my alternating-current motors can only be scribecl will be found under all conditions to 95 
approximately realized by snch means of pro- conduce to the attainment of this result. 
clucing 01' securing this difference, as above In the aCCOI11 panying drawings I have illus" 
indicated, for it is desirable in such cases t11a t b'ated the construction above set forth. 
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lated or oxidized Iron wire. Upon this core 
is wound the secondary circuit or coil B B. 
This latter is then covered with a layer or 
layers of annealed and insulated iron wires 

10 C C, wound in a direction at right angles to 
said secondary coil. Over the whole is then 
wound the primary coil or wire D D. From 
the nature of this construction it will soon 
be obvious that as long as the shield formed 

15 by the wires C is below magnetic saturation 
the secondary coil or circuit is effectual1y pro
tected or shielded from the inductive influ
ence of the primary, although I would state 
that on open circuit it mayexhibitsomeelec-

20 tro-motive force. ,Yhen the strength of the 
primary reaches a certain value, the shield C, 
becoming saturated, ceases to protect the sec
ondary from indl1cti ve action, and current is 
in conseqnence developed therein. For simi-

25 lar reasons, when the primary current weak
ens, the weakening of the secondary is re
tarded to the same or approximately the same 
cxtent. 

ThespecHic construction of the transfol:mer 
30 is largely immaterial. In Fig. 2, for exam

ple, the core A is built up of thin insulated 
iron plates or disks. The primary circuit D 
is wound next theeore A. Over ihis is ap
plied the shield C, which in this case is made 

35 up of thin strips 01' plates of iron properly 
insulated and surrounding the primm'y, form
ing a closed magnetic circuit. The secon
dary B is wound over the shield C. In Fig. 
2, also, E is a SOl1l'ce of Ztlternating or rapidly 

40 changing currents. The primary of the trans
former is connected with the circuit of the 
generator. 

,F is a t\vo-circuit alternating-current mo-

I claim is-
1. In an electrical transformer or induction 5' 

device, the combination, with the main mag
netic core and the primary and secondary 
coils 01' circuits, of a magnetic shipld or screen 
in terpo:?ed between said coils, as herein set 
forth. 5 

2. In an electrical transformer 01' inrlucti ve 
device, the combination, with the magnetic 
core and the primary and secondary coils or 
circuits, of a magnetic shield 01' screen sur
rounding one of said coils only, as set forth. 6 

3. In an electrical transformer or induction 
device, the combination, with the magnetic 
core and the primary and secondary coils 
wound thereon,of a magnetic shield 01' screen 
wound on or blJilt np around one only of said 6 
coils, as described. 

4. In an electrical transformer or induction 
devicf', the combination, with a main lami
nated magnetic core and primary and second
ary coils thereon, of a subdivided 01' lami- 7 
nated magnetic shield 01' screen interpos0d 
between the coils, as set forth. 

5. In an electrical transformer, the combi
nation, \yith a magnetic core and primary 
and secondary coils wound thereon, of a mag- 7 
netic shield 01' screen interposed between 
said coils and surl'ounding one of them and 
adapted to be or capable of being magnetic
ally saturated by It predetermined cnrront 
strength belo\v the maximum in the primary, 8 
as set forth. . 

NIKOLA 'l'ESLA. 

"Yitnesses: 
ROBT. F. GAYLORD, 
PARKER W. PAGE. 
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1.'0 all wh01Ju it 1)uay C07UCC7'71J; 

Be it known that I, NIKOLA TESLA, a sub
ject of the Emperor of Austria-II ungary, from 
Smiljan, Lilm, border country of Anstria-

5 Hungary, residing at New York, in the county 
"and State of New York, have invented certain 
new and useful Improvements in Electro-Mag
netic:filotors,of which the following is aspecifi
cation, reference being had to the drawings ac-

10 companying and forming a part of the same. 
This invention is an improvement in alter

nating-current motors, and has for its general 
object to produce a single-circnh alternating
current torque-motor of economical and sil11-

I5 pIe construction. 
The nature of the invention will be under

stood from the following statement. 
!tis well known that if a magnetic core, even 

if laminated or subdivided, be wound with an 
20 insulated coil and a current of electricity di~ 

rected through the coil the magnetization of 
the entire core does not immediately ensue, 
the magnetizing effect not being exhibited in 
all parts simultaneously. This I attributeto 

25 the fact that the action of the current is to 
energize first those lamime or parts of the 
core nearest the surface and adjacent to the 
exciting-coil, and from thence the action pro
gresses towar<1 the interior. A certain inter-

30 val of time therofore elapses between the 
manifestation of magnetism in the external 
and the internal sections or layers of the core. 
If the core be thin or of small mass, this effect 
may be inappreciable; but in the case of a 

35 thick core, Ot· even of a comparatively thin 
one, if the number of altel'Ilation or rate of 
change of the cmren t strength be very 
great the time interval occurring between the 
manifestations of magnetism in the in terior 

40 of the core and in those parts adjacent to t.he 
coil is more mad{ed, and in the construction 
of such apparatus as motors which are de
signed to be run by alternating or equivalent 
currents-such as pulsating or undulating 

45 currents generally-I have found it desirable 
and even llecessaryto give llue consideration 
to this phenomenon and to make special pro
visions in order to obviate its consequences. 
The specific object of my present invention is 

50 to take advantage of this action or effect, and 

by rendering it more pronounced to utilize it 
in the operation of motors in general. This 
object I attain by constructing a field-magnet 
in which t.he parts of the core or cores that 
exhibit at different intervals of time the mag- 55 
netic effect imparted to them by alternating 
or equivalent currents in an energizing coil 
or coils are so placed with relation· to a rotat
ing armature as to exert thereon theit' attract
ive effect successively in the order of their 60 
magnetization. By th'is means I secure a 
similar result to that which I have heretofore 
attained in other forms or types of motor in 
which by means of one 01' more alternating 
currents I have produced a rotation or pro- 65 
gresbion of the magnetic poles or po in ts of 
maximum attraction of the field of force. 

In the c1rawingslhaveshown a simple form 
of motor, which will serve to demonstrate the 
principle of the mode of operation, which I 70 
have above described in general terms. 

FigLll'e 1 is a side elevation of such motor. 
Fig. 2 is a side elevation of a more practica
ble and efficient embodiment of the inven
tion. Fig. 3 is a central vertical section of 75 
the same in the plane .-;f the axis of rotation. 

Heferring to Fig. 1, let X represent a Im'ge 
iron core, which lllay be composed of a Ilum-
bel' of sheets or lamime of son iron or steel. 
Surrounding this core is a eoil Y, which is 8p 
connected with a SOllree E of rapic1ly-yarying 
currents. Let us consider now the maQ,'netic 
conditions existing in tliis cor6 at any point, 
as b, at or near the center, and any other 
point, as a, nearer the surface. ,Vhen a cnr- 8S 
rent-impul.se is started in the magnetizing-
coil Y, the section or part at a, being close to 
the coil, is immediately energized, while the 
section or part at b, which, to use a conven
ient expression, is "pt'otectec1" by the inter- 90 
vening sections or layers between a and b, 
does not at onceexhibititsmagnetislll. How
ever, as the magnetization of a increas'es, b 
becomes also affected, l'eachinQ,' finally its 
maximum strength SOllle time later than a. 95 
Upon the weakening of the current the mag~ 
netization of a first diminishes, while b still 
exhibits its maximum strength; but the con
tinued weakening of a is attended by a sub
sequent weakening of b. Assnming the cnr- roo 
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rent to be an alternating one, c(' will now be 
reversed, while b still continues of the first-im
parted polarity. This action continues the 
magnetic condition of b, following that of a in 

5 the manner above described. If an arma
ture-for instance, a simple disk F, mounted 
to rotate freely on an axis-be brought into 
proximity to the core, a movement oE rota
tionwill be imparted to the disk, the direc-

10 tion depending upon its position relatively to 
the core, the tendency being to turn the por
tion of the disk nearest to the core from c(, to 
b. as indicated in Fig. 1. This action or prin
ei pIe of operation I have em bodied in a prac-

15 ticable form of motor, which is illustrated in 
Fig. 2. Let A in said figure represent a cir
cular frame of iron, from diametrically-oppo
site points of the interior of which the cores 
project. Each core is compused of three main 

20 p[trts B, 13, and C, [tnd they are similarly 
formed with a straight portion or body e, 
around which the energizing-coil is wound, a 
curved arm or extension c, and an in wardly
projectin'g pole or end cl. Each core is made 

25 up of two parts 13 B, with their polar exten
sions reaching: in one direction and a part C 
between the other b~{Q and with its polar ex
tension reaching in the opposite direction. 
In order to lesscn in the cores the circulation 

30 of currents induced therein, the several sec
tions are insnlatecl from one another in the 
manner usually followed in such cases. These 
cores are wound wHh coils D, which are con
nected in the same cil'cnit, either in parallel 

<35 or series, and supplied with an alternating or 
a pulsating current, preferably t11eformer, by 
a generator E, represented diagrammatically. 
Between the cores 01' their polar extensions is 
mounted a cylindrical or similar armature 

40 F, wound with magnetizing-coils G, that are 
Glosed upon themselves, as is usual in motors 
of this general class. 

The operation of this motor is as follows: 
."\Vhen a current impulse 01' alternation is di-

45 rected through the coils D, the section;;: 13 13 
of the cores, being on the surface and ill close 
proximity to the coils, are immediat0ly en8r
giz0c1. The sections C, 011 the other hand, are 
protected from the magnetizing influence of 

50 t.he coil by the interposed layers of iron 13 B. 
As the magnetism of 13 B increases, however, 
the sections C are also energized; but they do 
not attain their maximum strel1gth until.a 
certain time subsequent to the exhibition by 

55 the sections B B of their l1utximum. UpOll 
the weakenillg of the current the magnetic 
strength of 13 B first diminishes, while the 
sections C have still their maximum strength; 
but as 13 13 c.ontinne to weaken the interior 

sections are similarly weakened. B B may 60 
then begin to exhibit an opposite polarity, 
which is followecllater by a similar change 
on C, and this action continues. 13 Band C 
may therefore be considered as separate field
magnets, being extended so as to act on the 65 
armature in the most efficient positions, and 
the effect is similar to that in my other forms 
of motor-yiz., a rotation or progression of 
the maximnm points of the field of force. Any 
armat)1re-snch, fol' instance, as a disk- 70 
mounted in this field \vonld rotate from the 
·pole first to exhibit its magnetism to that 
which exhibits it later. 

It is evident that the principle herein de
scribed may be carried out in conjunction 75 
with other means, such as I have elsewhere 
set forth, for securirig a more favorable or 
efficient action of the motor. For example, 
the polar extensions of the sections C may be 
wound or surrounded by closed coils L, as in- 80 
clicated by dotted lines in Fig. 2. The effect 
oE these coils will be to still more effectively 
retard the magnetization of the polar exten
sions of C. 

I do not wish to be nnderstood I1S limiting 85 
myself to any particular constrnction of this 
form of motor, as the same principle of action 
or operation lllay be carried out in a great 
variety of forms. 

vVhat I claim i8- 90 
1. In an alternating -current motor, the 

combination, with an energizing-coil and a 
core composed of two parts, one protected 
from magnetization by the other interposed 
between it and the coil, of an armature 95 
mounted with the influence of the fields of 
force produced by said parts, as set forth. 

2. The combination, in ail alternating-Clll'
rent motor, of a rotating armature, a field
magnet composed of a coil and a core with IO 

two sections in proximity to the coil and an 
innGr section between the same, the sections, 
being formed or provided with polar projec
tions extending in opposite directions over or 
around the armatlll'e, as SEjt forth. 10 

3. The combination, in an alternating-cur
rent motor, of a i'otating armature, a frame 
and field-magnets thereon, each composed of 
an energizing-coil wound around a core made 
up of outer and inner 01' protected magnetic [I 

sections, each of which is formed or provided 
with independent laterally - extended pole 
pieces or projections, as herein described. 

NIKOLA TESLA. 
"\V i tn esses: 

ROBT. F. GAYLORD, 
PARKER vy. PAGE. 
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To all Wh07rb it 7)'/,ay concern: suitecl.to WOl'klUg" .conditions is the specific 
Be it known that I, NIKOL.A. TE8LA, a sub- object Gf my prescnt invcntion. 

ject of the Emperor of Austria-Hungary, from '1'he following <*lllal1.a.tions will serve to 
8niiljan, Lika, border conntryof Austria-Hull- illustrate the principle it(lol1 which said in- 55 

5 gary, l'esiding at New York, in the county and ventiori is basecl.JJctit be assumed that an 
State of New York, have in vented certain new . ordinary alternating-currcnt generJ1tor is con
and useful ImproYcllIents in Electro-Magnetic nectec1np in a circuit of practically no self-
2'lfotors, of which the following is a specificil.-· induction, SUCII, for example, asa circuit. cQn
lion, reference being had to the drawings ac- taining incandescent lamps only. Onthe op- 00 

[0 companying and forming a part of the same .. eratioll of the machine alterho.ting curre~ts 
Among the nlrious forms of alternating- will be developed in the cirellit l tlud thcphaSes 

. CUl'l'cnt motors inyented by me is one which of these C'nrrents will theoretically coincide 
I have descrihed in other applications, and with the phases -of the impressed electro-rno
which is constrncted as follows: I build a field- . tive force. Such cnrrents lllay be regarded oS. '. 

15 C)l'e with, say, fOllr poles, between which is and designated a;:; the" nnretal'ded currents." 
monntell an armature that is generally wound It will bc understood, of course, that in 
with closed coils. On two of the opposite practice there js always 1110re or less self.tn
poles of the field I wind primary coils, which duction In tbQ circuit, which modifies to a C01'
nrc connected np in the main circuit. On the respondin-g extent these conditions; but for 70 

·!O same corcs I also wind sccondary coils, which convenience this maybe disregarded in the 
are closed throngh coils on the other pair or consideration tlf (he principle of operation, 
set of ]loTes. In this motor when an alternat- . since the sanie laws apply. Assume next 
ing cun'ent i3 caused to pass through thepri- that a path of currents uo fOl'llledacross any 
mary coils it energizes directly one set of two points of the aboye circuit, consist,ing, 75 

25 poles anel iJHluces cunents in the secondary for example, of the primary of an inductioil 
coils, which act, to energize the other poles; device. The phases of the currentf! passing 
,hut tbe phases of the current in the second- through the primary, owing to the self-in
ary coils may ditIer in timefroll1 those of thD duotion of the same, will not coincide with 
primary C111'1'e:1t, and hence a rotation or shift- the ph(tses of the impressed electro-motive 80 

30 ing of the poles is effecte(l that imparts rota- force, but will lag behind tlie same, such lag 
tiol1 to the motOl'. being directly proportional to the self-induc-

These motors may be constrnctedin many tion and 'in ~'ersely proportional to the' resist
other ways; hut. for'purposes of this case iti's ance of the said coiL The insertion of this 
only necessary to consid(;\1' the specific form coil will also cause it lagging or retardation 85 

35 which I havD thus generally described, as my Of the.currents traversing- and delivered by 
impl'oYements relate mainly to such form. the generator behind the impressed electro-

The objeet of my present invention is to motive force, such lag being the lIlean or re
render this form of motor more efficient and sultant of the lag o.f thD CHnent through the 
to improve its actio11 or inode of operation. pl'imary alolle and that of what I have des- 90 

40 Tn thcmotors COllstructed in accordance ignatcd the" ul1l'etarded current" in the 
with this prillciple I Dring two energizing- entire wOJ'king-circuit. :\ext consider the 
circuits into inductive relation in tho motor conditions imposelll)y tho association in ill
itself~that is to say, tho seCO)lllal'y Cl1l'ronts dllctive relation with the primary coil of a 
which energize one set of the iield-coros are secondary coil. The current genemted ill the 95 

45 induced in the motor itself, and the employ- secondary coil will react upon the primary 
ment of au external induction deyice is thus current" modifying the retardation of" the 
a voided. The operation of these motors~how- same, accor(ling to the amount of self-ind uc
ever, is dependent upon the existence of a tion anc1l'esistance in the secondary circuit. 
certain difference of phase between the cur- If the secondary circuit have but little self- TOO 

50 rents in thepl'imaryand secondary coils. To induction-as, for instance, when it contains 
obtain a difference of phase 01' lag that. is incandescent lamps only-it will increase the 
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Heh,HIl difi'ereu(le (~flll~nse lwh,'c(m ib, own 
and the primary cnrrent, fil'st, by diniiniRh
i ng the lag uetween the prj mary cn nen t aml 
the impressed electi'o-motive foree, and, see-

S ond, by its own lag or rehtl'datio!l uehind 
the impressed electro-motive force, On the 
other hand, if the secondary circuit have a 

· high self-induction its lag behind the CtlL'

rent in thfl primary is dit'ectly increased, 
JO while it wilLbestill further increased if the 

primary have a veryiowself-indllction. The 
better results are obtained when the primary 
has a low self-induction. I apply these prin
ciples to the constrnctionof a motol' which} 

IS shall now describe. 
, The details of the improvements are illus
trated in the drawings, in which-

Figure 1 is a diagram ofamotol' exhibiting 
my invention. Fig: 2 is a similar diagram of 

20 a modification of the same. . 
1n :Fig. 1 let A designate the field-magnet 

of It motor whic:J-., as in all these motors, is 
built up of sections or plates. Beare polar 
Dl'ojections upon which the coils are wound. 

25 Upon one pair of these poles, as· C, I willa 
primary coils D, which are directly conneoted 
to the circuit of au alternating-current gen
el'ator G. On the same poles I also. wind sec
ondary coils F, either side by side or over or 

30 nnder the primary coils, and these I conneet 
with other coils E, whichsurl,'ou:nd the poles 
B B. The purrents in both primary and sec
ondary coils in such a motor will be retarded 
01; will lag behind the impressed electro-mo-

.35 tive force; but to secure a proper difference 
in phase between the primary and secondary 
currents themselves I increase the resist.ance 
of t.he circuit of the secondary and reduC€! as 
much as practicable its self-induction, I do 

40 this by using for the secondary cit'cuit, pat'
t~cularly i.n the coils E, wire of comparatively 

· sl'nall diam,etel' and having 'but few turns 
al;'Ol}nd tho cores; 01' I nse some conductor of 
higher specific resistance, such as German 

45 silver; or I may introduce at sOinepoint in 
the secondary circuit an artificiaJJ~esistance 
H" Thus the self-induction of the stlcondary 
is kept down and its resistanC(5 increased 
with the result of decreasing the lag between 

50 th~ impressed electro-motive force and the 
· current in the primary coils and increasing 
the difference of phase between the primary 
and secondary currep.ts, 

In the disposition .shown in Fig. 2 the lag 
55 in the secondary is increasefl by increasing 

the self-induction of that Cil'CUit, while the 
increased tenclencyof the primary t.o lag is 

cOlllltel'l1cted hy insol'tiug thcl'eiu 11 dend J'O
sistance. 'l'he primary coils Din i,his case 
have It low self-induction and high rcsist- 60 
ance, while the coils E F, included in the sec
ondary circuit, have a high self-induction and 
low resistance. This may be dOlle by the 
proper winding of the coils, or in the circuit 
including the secondary coils E F, I may in- 65 
troduce n self-induction coil S, while in the 
primary circuit from the gellel'ator G amI in
cluding. coils D, I may insert a dead resist
an(!e R. By this means the difference of 
phase between the pl'imary and secondary is 70 
increased. It is evidAnt that both means· of 

. increasing the difference of phase~namel.r, 
by the special winding as well as by the sup
plemental or external inductive and dead re-
sistance-may be employed conjointly. 75 

In the opp.mtion of this ulOtor the current 
impulses in the primary coils induce currents 
in the secondary coils, and by the conjoint 
actioirof the two the points of greatest mag-
netic attraction are shifted or rotated. 80 

In· pract~ce 1 have found it desirable to 
wind t.he armature with closed cails in which 
ctlrt'ents are induced by the action thereon 
of the. primaries. . 

I do not claim, broadly, herein the method 85 
of operating motors by indncing in one cir
cuit currents by mE'ans of those in another, 
nor the other features herein 110t specifically 
pointed out in the claims; having personally 
filed applications forsnc.b.. features. 90 

What I claim is~ 
1. The com bination, in a motor,of a prinlttry 

energizing-circuit adapted to be connected 
with the circuit ofa generator and a second
ary energizing-circuit in inductive relation 95 
thereto, the two circuits being of -different . 
electrical character or resistance~ as set forth. 

2. The combination, in a motor, of aprim!\ry 
energizing-circuit adapted to be cOJlne~ted 
with the circuit of a generatoranda second- 100 

ary energizing-circ.uit in inductive relation
thereto, the two circuits being of different 
!>elf-induction,as herein set forth. 

3. The combination, in a motor, of primary 
energizing-coils adapted to be connected to a J05 
source of CUl'rEmt and,secondary energizing
coils in a circuit in inductive relation thereto, 
one set of said coils being formed by conduct.-
ors of small size and few tnrns, the other by 
conductors of larger size, as set forth. 

Witnesses: 
R. J, STONEY, .Jr" 
E, P. COFFIN. 

NIKOLA TESLA .. 



(No Model.) 
N. TESLA. 

METHOD OF OPERATING ARC LAMPS. 

No. 447,920. Patented Mar. 10, 1891. 

R 

l?l7i:&nuofX : 

~ 

iY!.!#. z",f 

THE NOflRIS prTERS co., PHOTlJotITHO., ""'ASHlNGTON, D. C. 



UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y. 

METHOD OF OPERATING ARC LAMPS. 

SPECIFICATION forming part of Letters Patent No. 447,920, dated March 10, 1891. 

Application filed October 1, 1890. Serial No. 366,734. (No modeL) 

To roll wh07n it lnay concern: of the same with a diagram of the circuit-con-
Be it known that I, NIKOLA TESLA, a sub- nections. Fig. 3 is an enlarged view, in side 

ject of the Emperor of Austria-Hungary, re- elevation, of a part of the machine. Fig. 4 is 55 
siding at New York, in the county and State I an enlarged sectional detail of the armature 

5 of New York, have in yen ted certain new and and field. Fig. 5 is a detail section of the 
usefulImprovements in :Methods of Operating field-magnets exhibiting tho plan of winding. 
Arc Lamps, of which the following is a speci- A is an annular magnetic frame supported 
fication. by the cross-bars or brackets B, provided with 60 

'rhis invention consists in an improved feet 0, upon which the machine rests. The 
[0 method of operating electric-arc lamps which interior of the annulus A is provided with a 

are supplied with altel'nating or pulsating large nu m bel' of projections or pole-pieces D. 
currents. These may be formed or applied in a variety 

It has now become a common practice to of ways-as, for example, by milling trans- 65 
run arc lamps by alternating or pulsating as verse grooves E. 

J 5 distinguished from continuons currents; but Owing to the very large number and small 
an objection to snch systems exists in the fact size of the poles and the spaces between them, 
tlmt the arcs emit a pronounced sonnd, vary- I apply the exciting or field coils by winding 
ing with the rate of the alternations or pulsa- an insulated conductor F zigzag through the 70 
tions of current, but under any circumstances grooves, as shown in Fig. 5, carrying said wire 

20 constituting an objectionable and disagl'ee- around the annulus to form as many layers 
able feature, for which heretofore no effective as is desired. In this way the pole-pieces D 
remedy has been found or proposed. This. will be energized with alternately opposite 
noise isprob.ablydue to the rapidly alternating I polarity around the entire ring. 75 
heating and. cooling and consequent expau- For the armature I employ a spidel' or cir-

25 sion and contraction of the gaseous matter culaL' frame G on a driving-shaftH, mounted 
forming the arc which corresponds with the in bearings in the brackets B. This spider 
periods or impulses of the current, for I have carries a ring J, turned down, except at its 
l-:lucceeded in abating it and producing quiet edges, to form a trough-like receptacle for a 80 
and smoothly-acting lamps by increasing, per mass of fine annealed iron wires K, which are 

30 unit of time, the number of alternations or wound in the groove to form the core propel' 
pulsations of the current producing the arc for the armature-coils. Pins L are set in the 
to such an extent that the rate of the vibra- sides of the ring J, and the coils :iH are wound 
tions or changes in the arc producing the over the periphery of the armature-structure 85 
noise approximately equals or exceeds that and around the pins. The coils l\I are con-

35 which is generally regarded as the limit of nected together in series, and these terminals 
audition. For example, I may use a generator N carried through the hollow shaft H to con
which produces ten thousand or more alter- tact-rings P P, from whence the currents are 
nations of current per second. In such a case taken off by brushes O. In this way a ma- 90 
the periodical heating and cooling of the arc chine with a very large numuer of poles may 

40 would occur with such ritpiclityas to produce be constructed. It is easy, for instance, to 
little or no perceptible effect upon the ear. obtain in this manner three hnndred and 

There are a number of ways in which the seventy-five to four hundred poles in a ma
cllrrent may be varied at a rate exceeding chine that may be safely driven at a speed of 95 
the limit of audition, but probably the most fifteen hundred or sixteen hundred 1'evolu-

45 practicable known to me at present is by the tions per minute, which will produce ten 
use of an alternating-current generator with thousand or eleven thousand alternations of 
a large number of poles, and specially con- current per second. Arc lamps R R are 
structeclfor the purpose. Such a generator, for shown in diagram as connected up in series IOC 

the purpose of the illustration of this case, I with the machine in Fig. 2. If such a current 
50 have shown in the accompanying drawings. be applied to running arc lamps, the sound 

Figure 1 is a view of the generator in side produced byor in the arc becomes practically 
elevation. l~ig. 2 is a vertical cross-section inaudible, for by increasing the rate of'Cilange 
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in the current, and consequently the number 
of vibrations per unit of time of the gaseous 
material of the al'C upto or beyond ten thou
sand or eleven thousand per second, or to 

5 what is regarded as the limit of audition, the 
sound due to such vibrations will not be au
dible. The exact number of changes or un
dulations necessary to produce this result will 
vary somewhat according to the size of the 

10 arc-that is to say, the smaller the arc the 
greater the number of changes that will be 
required to render it inaudible within certain 
limits. Of course, as the rate of alternations 
or undulations for It given size of arc becomes 

15 very high the sound produced is less perc(\p
tible, and hence for some purposes the actual 
limit of audition may only be approached, 
provided the sound be rendered practically 
inaudible. 

Another advantage gained by increasing as 20 
above set forth the number of alternations 
is that the arc acts more like t.hat produced 
by a continuous current, in that it is more 
persistent, owing to the fact that the time in
terval between undulations is so small that 25 
the gaseous matter cannot cool down so far 
as to increase very considerably in resistance. 

I claim-
The method of abating or rendering inau

dible the sound emitted by arc lamps sup- 30 
plied with or operated by an alternating or 
pulsating current by increasing the rate of 
such alternations or pulsations up to that of 
the limit of audition, as set forth. 

NIKOLA TESLA. 
Wituesses: 

FRANK B. MURPHY, 
RAPHAEL NETTER. 
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To all whom it may concern: other. Between the faces so formed I mount 
Be it known that I, NIKOLA TESLA, a sub- or support the armature coil or coils and pro

ject of the Emperor of Anstria,from Smiljan, vide either for rotating the field-magnet or 55 
IJika, border country of Austria-Hungary, re- the armature, or both, and I arrange the said 

5 siding at. New York, in the county and State armature-coil or conductor so that it will be 
of New York, have invented certain new and I symmetrically disposed with respect to the 
useful Improvements in Alternating-Current field-that is to say, so that when one portion 
Machines, of which the following is a specifi- i of the conductor is passing through the 60 
cation, reference being had to the accompa- strongest portion of the field the other por-

10 nying drawings. tion, which forms the return for the former, 
In the systems of distribution of electrical is passing through the weakest points or 

energy from alternating-current generators parts of the field. The strongest points of 
in present use the generators give ordinarily the field, it will be understood, are those be- 65 
from one to three hundred alternations of cnr- tween the projections or points on the polar 

15 rent pel' second. I haverecognizE'd and dem- faces, while the weakest points lie midway 
onstrated in practice that it is of great ad- between them. 
vantage, on many acconnts, to employ in such A field-magnet, when constructed as above 
systems generators capable of prod llcing a described, produces, when the energizing-coil 70 
very much greater number of alternations is traversed by a continuous current, a field 

20 per second-say fifteen thousand per second of great strength, and one which may be made 
01' many more. To produce snch a high rate to vary greatly in intensity at points not far-
of alternation, it is necessary to construct a the l' distant from one another than the eighth 
machine with agreat number of poles or polar of an inch. In a machine thus ccmstrncted 75 
projections; but such constrnction, on this there is comparatively little of that effect 

25 account, in order to be efficient, is rendered which is known as "magnetic leakage," and 
difficult. IE an armature without polar pro- I there is also but a slight armature reaction. 
jections be used, it is not easy to obtain the I Either the armature-condnctor or the field
necessary strength of field, mainly in conse- magnet may be stationary while the other 1'0- 30 

quence of the comparatively great leakage of tates, and as it is often desirable to maintain 
30 the lines of force from pole to pole. If, on the conductors stationary and to rotate the 

the contrary, an armature-core formed or pro- field-magnet I have made a special moclifica
videc1 with polar projections be employed, it tion of the constrnction of the machine for 
is evident that it limit is soon reached at this pnrpose, and with a view in such case of 85 
which the it'on is not economically utilized, still further simplifying the machine alldren-

35 being incapable of following withont consid- dering it more easy to maintain ill operation 
crable loss the rapid reversals of polarity. I arrange the armature-conductors and the 
'ro obviate these and other difficulties, I have frame or supports therefor so as to support 
devised a form of machine embodying the also a fixed coil or coils for energizing the 1'0- 90 
following general features of construction. tating field-magnet, thus obviating the em-

40 I provide a field-magnet core made up of ployment of all sliding contacts. 
two independent parts formed with grooves In the accompanying drawings I have illns-. 
for the reception of one or more energizing- tratecl the two typical forms of my machine 
coils. The energizing coil, or coils, is com- above referred to. 95 
pletely surrounded by the iron core, except Figure 1 is a vertical central section of the 

45 on one side, where occurs the opening be- machine, taken on lines x x of Fig. 2; and 
tween the polar faces of the core, which open- Fig. 2 is a horizontal section on line y y or 
ing is made as narrow as the conditions of Fig. 1. The machine in these two fignres is 
the machine will permit. The polar faces of one in which the armatnre-condl1ctol' and the roo 
the core of the field are not smooth, but formed field-coil are stationary while the field-mag-

50 with a great many projections or serrations, net core revolves. Fig. 3 is a vertical central 
the points of which in olle side or polar face section of a machine embodying the same plan 
are preferably exactly opposite those in the of constrnction, bnt having a stationary field-



magnet and. H:ittit1rig lil'mi:thih3; Fig. 4: 1s [1 space betwgerl iiiijr two adjacent pOInts on th~ 
diagram i1ltisti'aHng the pecrtlhir configtll;a- same factl nidy 1:I,e extremely small, there will 
tion of the polai' faces and the relation of the be no leakag~ of We magnetic lines betwel:ii1 70 
al'mattlre conductor or conductors thereto. any two points of the same name; but the 

5 111 Figs. i and 2, A A designate two cylin- lines of force will pass across from One set of 
drical castings provided with bracket-arms B points to the other. The constrrtction fol-
B, in which latter are bushings C for the 1'0- lowed obviates to a great degree the distor
tating shaft. The conductor in which the tion of the magnetic lines by the actiou of the 75 
currents are induced may be constructed or current in the conductor D, in which it will 

10 arranged in various ways; but I prefer to be observed the current is flowing at any 
form it in the following manner: I take an given time from the center toward the pe
annular plate of copper D and by means of a riphery in one set of radial parts a and in the 
saw or other cutting-tool cut in it radial slots opposite direction in the adjacent parts a'. 80 
from one edge nearly through to the other, In order to connect the enel'gizing·coil G 

[5 beginning alternately from opposite edges. with a source of continllOus current, I have 
In this way a continuous zigzag conductor is found it convenient to utilize two adjacentra
formed. To the inner edge of this plate are dial portions of the conductor D for connect .. 

, secured two rings of non-magnetic metal E, ing the terminals, of the coil G with two bind- 85 
which are insulated from the copper con- ing-posts 1\'1. For this purpose the plate D is 

w ductor, but held firmly thereto, as by means cut entirely through, as shown, and the break 
of bolts F. Within the rings E is then placed thus made is bridged over by a short con
an annular coil G, which is the energizing- ductor c. 
coil for the field-magnet. The conductor D At any convenient point the plate D is cut 90 

and the parts attached thereto are supported through to form two terminals el, which are 
25 by means of the cylindrical shell or casting connected to binding-posts N. 

A A, the two parts of which are brought to- Thf\ core HH, when rotated by the driving
gether and clamped by holts F' to the outer pulley P, generates in the conductors D an 
edge of the conductor D. The conductor D alternating current, whip,h is taken off from 95 
is also insulated from the shell A. the binding - posts N. It will be observed 

30 The core for the field-magnet is built up of that from the nature of the construction de
two circular parts H H, fonned with annular scribed this machine is capable of producing 
grooves I, which, when the two parts are an alternating current of an enormously high 
brought together, form a space for the recep- rate of alternations. 100 

tion of the energizing-coil G. The central When it is desired to rotate the conductor 
35 parts or hubs of the cores H II are trued off, between the faces of a stationary field-mag-

so as to fit closely against one another, while net., I adopt the construction shown in Fig. 3. 
the outer. portions or flanges which form the The conductor D in this case is or may be 
polar faces J J arel'educed somewhat in thick- made in substantially the same manner as r05 
ness to make room for the conductor D, and above described by slotting an annular con-

40 are serrated on their faces or provided in any ducting-plate and supporting it between two 
other convenient way with polar projections. heads 0, held together by bolts 0 and fixed 
The two parts of the core H H are mounted to the driving-shaft K. The inner edge of 
on and fixed to the shaft K, and are bound the plate or cond uctor D is preferably flanged I 10 

together by bolts L. The number of serra- to secure a firmer union between it and the 
~5 tions in the polar faces is arbitrary; but there heads 0. It is insulated from said head. 

must exist between them and the radial por- The field-magnet in this case consists of two 
tions of the conductor D a certain relation, annular parts H H, provided with annular 
which will be understood by reference to Fig. grooves I for the reception of the coils. The lIS 
4, in which N N represent the projections or flanges or faces surrounding the annular 

50 points on one f.ace of the core of the field, gl'oove are hrought together, while the inner 
and S S the points of the other face. The flanges are serrated, as in the previous case, 
conductor D is shown in this figure in sec- and form the polar faces. The two parts H 
tion, a a' designating the radial portions of I H are formed with a base R, upon which the 120 

the conductor, and b the insulating-divisions machine rests. 
55 between the same. The relative width of the S S are non-magnetic bushings secured or 

parts a a' and the space between any two set in the central opening of the cores. 
adjacent points N Nor S S is such that when. The conductor D is cut entirely through at 
the radial portions a of the conductor are one point to form terminals, from which in- 125 

passing between the opposite points N S, sulated conductors T are led through the 
60 where the field is strongest; the intermediate shaft to collecting-rings V.' . 

radial portions et' are passing through the 'What I claim is-
widest spaces midway between such points 1. The combination, in an annular field of 
and where the field is weakest. Since the force formed by opposing polar faces with 130 

core on one side is of opposite polarity to the radial grooves or serrations and with said 
65 part facing it, all the points or projections of I poles, of a connected series of radialcollduct· 

one polar face will be of opposite polarity to ors so disposed with relation to the serrations 
those of the othedace. Hence, although the that while one portion of the radial conduct· 
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ors is passing between the strongest parts of polar faces being placed with their grooves 
the field, or the points where the two poles opposite to each other, and a conductor or coil 
most nearly approach, the adjacent or inter- mounted between said faces with the capa
mediate conductors will pass through the bility of movement across the lines of force 

5 weakest parts of the field, or the points where in a direction at right angles to that of the 45 
the two poles are most remote, as set forth. grooves or serrations, as set forth. 

2. The combination, with a connected se- 6. In a magneto-electric machine, the com-
ries of radial conductors forming au annular' bination of a sectional frame, a field-magnet 
coil, of a stationary two-partsupporting-fmme core composed of two connected parts, a rotat-

10 clamped to and insulated from the outer ing shaft on which said core is mounted, a 50 

ends of said conductors, a ring formed in two conductor in which currents are to be in
parts clamped to the inner ends of the same, I duced, the convolutions of which are radially 
an energizing-coil contained in said ring, and I disposed.- between the polar faces of the field-
a field-core made in two parts and inclosing I core and secured to and supported by the 

IS said energizing-coil and presenting annular frame, and an energizing-coil for the field- 55 
polar faces to the series of radial conductors, eore supported by the induced-current coil 
as described. and contained in an annular recess formed 

3. 'rhe combination, with the annular con- by grooves in the faces of the two seetions of 
ducting-plate slotted to forIll a connected se- the field-core. 

20 ries of radial conductors, a sectional support- 7. The combination, with opposing field- 60 

ing-frame secured to and insulated from the magnet poles formed with projections or ser
outer edge of the slotted plate, a sectional rations in their faces, the highest parts or 
ring secmed to and insulated from the inner prominences of 011e face being opposite to 
edge of said plate, a hollow energizing-coil those of the other, of a conductor the convo-

25 contained ill sai(l ring, and a field-core com- lutions of which are adapted to pass at right 65 
posed of two parts bolted together and recessed angles through the magnetic lines between 
to inelose the energizing-coil, said cores being the opposing prominences, as set forth. 
monnted in a rotating shaft, as set forth. 8. The combination, with a rotating field-

4. The combination, with two annular po- magnet core having two opposing and annn-
30 lar faces of opposite magnetic polarity and lar polar faces with radial grooves or serra- 70 

fOllned with opposite points, projections, or tions therein systematically disposed, so that 
serrations, of a conductor turned back upon the highest parts or prominences of one face 
itself in substant ially rad ial con volutions and lie opposite to those of the other, of a station
mounted ill theannu[ar field, whereby a rota- ary conductor with radiflJ convolutions and 

35 tion of the field 01' said condnctor will develop mounted between the polar faces, as set forth. 75 
therein an alternating clll'rent, as set forth. NIYOL \. TESL I\. 

5. The combination, with a polar face of 1: ~ f ~ . 

given polarity formed with grooves or serra- vVitnesses: 
Hons, of a polar face of opposite polarity with I ROBT. F. GAYLORD, 

-1-0 COlTEspomling grooves or serl:ations, the two PARKER N. PAGE. 
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To all Wh01l'b it 7na,y concel'n: pabilityof stallding the stl'ain. Ido not mean 
Be it known that I, NIKOLA 'l'ESLA, a sub- by the term "exce~si\"ely small period" and 

jectof the Emperor of Austl'ia-llungary, from similar expressions herein to imply that I 55 
Smiljan, Uka, border country of Austriil.-IIun~ contemplate any number of pulsations or vi-

S gary,andaresidentofNewYork,illthecounty brations pel' second apPl'oximating to the 
and State of New York, have invented certain numuer of light-waves, and this will more 
llew and useful Improvements in :Methods of fully appe,ll' from the description of the nac 
and Apparatus for Electric IAghtil1g, of which ture of jl1\'ention which is hereinafter ('on- Go 
the following is a specification, referenee be- tained. 

10 ing had to the drawings accompanying and The canying out of this iuvention and the 
forllling a part of the same; . , full\-ealization of: the conditions necessary to 

This invention consists in a novel method th~ attainment of ' the desired results involve, 
of andappal'atnsfol' producing light bymeans first, a novel method of and apparatm; for 65 
of' electricity. . producing the currents or electrical effects of 

15 For a better undet'standing of the inven- the character described; second, a novel 
tion it may be stated, fil'st, that heretofore I method of utilizing and applying the same 
have produced and employed cUl'l'entsof very for the production of light, and, third, a ncw 
high frequency for operating translating de- form of translating device 01' light-giving ap- 7C 
vices, such as electric lamps, and, second, p1iaHce~ These I shall HOW describe. 

2:> that currents of high potential have also been 'l'oprodnce a'current of very high frequency 
produced and employed for obtaining lumi-and very high potential, certain well-known 
nous effects, .and this, in It broad sense, may devices may be employed. For instance, as 
be rcgarded for purposes of this case as the the primary source of current 01' electrical 75 
prior state of the art; but I.have discovered energy a continuous-current generator may 

25 that results of the most useful character may be used, thc circuit of which may be inter~ 
be secUl'ed under entirely practicable condi- ruptod with extremc rapidity 'by mechani
tions by means of electric currents in which cal devices, or a magneto-electric machine 
both the nbove-described conditions of high specia.lly constructe(l to yield alternating cur- 80 

frcq,nency and great di:!l'erence of potential rents of very small period m.ay be used, aml ' 
30 nre present. In other words, I have lUade the in either case, shonl(l the potential be too low, 

. discovery that an electrical current of an ex- an induction-coilmay be employed,to raise it; 
cessively small period and very high: poten- or, finally, in order to overcome the meclumi
tial may be utilized economically. and pl'ac· .cal· di.fficulties, which in such cases hecome 85 
ticably to great advantage for tbe production practically insuperable pefore the best results 

35 of light. , are reached, the principle of the disruptive 
It is difficult for me to define tlH' exact lim- discharge may be utilized. By ineans of this 

Itsoffrequencyandpotentialwitllin~hichmy latter plan I produce a much greater rate of 
lliscovery is comprised, for the. results ob- change iu the current than by the other means 90 
tained are due to both conjointly; but I would suggested, and in illustration of my ill ventioll 

40 make it clem' that as to the inferior limits of I shall confine the description of the lDeans or 
hotb,the lowest frequency and potential that· appamtus for producing the current to this 
I contClllplate using are far ~bove what have plan, although I would not be understood as 
heretofore been regarded as practicable. As limiting myself to its use. The current of 95 
an instance of wl1at I regard as the low{',st high frequeney, therefore, that is necessary 

15 practicable limits I would state that I have to the successful working of my invention I . 
obtained fairly good results by a frequency produce by the disruptive discharge of the 
as low as fifteen thousand to twepty thousand accumulated energy of t\ condenser main-

. pel' second and a potential of about twenty tained by charging said condenser from a 100 

,thousand volts. Both frequency and poten- suitable sourCe and discharging it into or 
50 tiaJ may be ep-ormOl~81y increased above these through a circuit under proper relations of 

figmes, the practicalliiliits lieing d~tel'Jllhled ,self-induction, capacity, resist.:'l.nce,lnidpcriOt1 
hy the 1'}lat'I\I'tN' of t1J(~, fl.]lpnl'ntu!I aud it!'! Clt- ill well-l11111N'I'otoo(1 ways. !o:neh a Ilil'\(,hHl'g'1' is 
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known to 1)(" under p1'ope1' conditions, inter- intermediate to the source of Cll!TCmt and the 
mittent or oscilhtting in character, and in :this light-giving houy, For this purpose the con
way a {'UI'l'ent varying in strength at.anenor- ductol's should be free from projections ana. 
mously rapid Fate may be produced. Having points and weH covered or coated 'with a good 70 

5 produced in the above manner a current of ex- insulator. 
c6ssive frequency, I obtain from it by. means The body to be rendered incandescent 
of an induction-coil enormously high poten.- should be selected with It view to its capa
tials-that is to say, in the circuit through bilityof withstanding the action to which it 
which or into.which the disruptive discharge IS exposed without being l'B,pidly destroyed, 75 

[0 of the condenser t~kes place I includE? the pri- for some conductors will be much more speed-
ma;ryof a suitable induction-coiJ. and by a sec- ily consumed than others, . 
ondary coil of ml]ch longel' and lln61"wire I con- I now refer to the accompanying drawings, 
vert to currents of extremely high potential in which-
The differences in the length of th-e primary Figure 1 is a diagram of one of the special go 

liS and secondary coils in connection with the arrangements that I have employed in (larry
enormously rapid rate of change.in the pd- ing out my discovery, and Figs, 2 2md 3 are 
mary current yield a secondary of enormons vertical sectional views of modified forms of 
frequ.ency and excessively high potantial. light-giving devices that I have devised for 
Such cnrrents are not, so far as I ~.m aware, usa with the system. 85 

20 available f01' usein the usnal ways;butI have I would state that as aU of the apparatus 
discovered that if I connect to either of the herein shown, with the exception of 'certain 
terminals of the secondary coil or SOl.ll'ce .o.f specinlforms of lamp invented by me, is or 
current of high potential the leading-in wires may be of well-kn.own construction and in 
of such a device, for example, as an ordi~ common use for other purposes, ][ have indi- 90 

25 nary incandescent lamp, the. carbon may be cated such well-known parts therefor by con-' 
brought to and maintained at incandescence, ventional representations. 
or, in genera,}, that any body capable or COil" H is the primary source of current or alec-

. ducting tl;1e high-tension cUl'hmt described t1'ioa1 energy. I have explained above how 
and properly inclosed in a rarefied or ex- various forms of generator might be used for 95 

30 hausted receiver may be rendered luminous this purpose; but in the present illustratiolm 
01' incandescent, either when connected di- X assume that G is an alternating-current 
reetly with OlmS terminaloi tll.J.eseeon(iary generator of comparativelylow elect.ro-motive 
source of energy 01' placed in the vicinity of Korce. Under such circumstances I raise the 
such terminals so as to be acted 1!.llOOn induct- potential of the current by means of an in- EO 

35 ively.- ductio~-coil having a primary P and a sec-
Without attempting a detailed explanation ondary S. Then by the current developed in 

of the causes to which this phenomenon may this secondary I charge a condenser C, and 
be ascribed, I deem -it sufficient 110 stat~ that, this condenser I discparge through Oll." into a 
assuming the now generally accepted theories circuit A, baving an air-gap a, or, in general, Ie 

40 of scientists to be correct, ir.h.e effects thu.s llleans formaintainingadisrllptive discharge. 
produced are attributable to molecul/l.r bom- By the means above described a Cl.l1l'rent of 
bardment, condenser action, aJIl.,a. electric or enormo.us frequency is prodlJiced. My object 
etheric disturbances, Whaiev0li." part each is next to convert this into .!ll working-circuit 
or any of these causes may play in producing of very high potential, for which purpose I Xli 

4S the effects noted, it is, however, i!, fact that a connect up in the circuit A the prim.ary P' of 
strip of carbon or a mass of any other shape, an induction-CQil having a longfine wire sec
either of carbon or any more or less conduct- .ondary S'. The current in ~he primary pi . 
ing substance in a rarefied 01' exhausted re- develops in the secondaryS' <Hll.U'R'entor elec-
('eiverand connected directly or inductively trical effect of corresponding frequency, bnt r! 

50 to a source of electrical energy such as I of enormous difference of poteJl.l.j;jIl,I, an.d the 
have des('ribed,may be maintained at incan- . secondary S' t.hus becomes the source of the 
descence if the freq nancy and potential of the energy to be applied to the purpose of' pr07 

current be sufficiently high, '" ducipg light, . 
I would here state that 'by the terms ," cur-. The light·giving devices mny Toe eonnccte<l I: 

55 rents of high frequency and high potenti&l" I to either terniinal of the secondary 8'. If de
an,d simil~r ~xpressions WbiC. h I have use~ in I sired, o~e terminal may' be conne. cted to a 
thiS descrIptIOn I do not. mean, necel3sarlly, condnctmg-wa:ll W ofa room or space to be 
currents in the. usual ac('eptance of the term, lighted and the 'other arranged for connection 
but, generally speaking, electrical disturb- of the lamps therewith. In such case the E ~ 

60 ances or effec~ such as would be produced inwalIs·should be coated with some metame 01' 
. the . secondary source by the action of the conducting substance in oruel' that thaymay 
- plimary, disturbance or electric.al effect· have 'sufficient' conductivity. , 

~t ~s uec~ry to. obsel'vein carrying out The !amps. or light-giving devices may be 
thIS niventI?u. that care must be ~kentore-. anordmar~ mcand~scentlamp; put I prefer !~ 

65' u ?-c~ to, ~ ,mmID1um the opportumty for the t~ ~se ·.sp~C1aU:r-desIgn.ed . lamps, examples {}f 
. dlSf'lpanOIl of the energy .from thftconductors WhICh T 11 RV0' shO\vn m' detail .-iii ~he draw-
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ings. This lamp cOIl:-;ists of a rarefied 'or pole of the source of Cl1l'rellt. The metallic 
exhaustml lmlb or glohe whieh ineloses a lining s an(l the sheet m thus eOmp0F,0 the 
refractory eonullctiqg body, as carbon, of plates or armatures of a con<1ense1'. 
comparatively small bulk and any desired 'l'his invention is not limited to the special 70 

5 shape. This body is to be connected to the means described for producing the results 
secondary by one or more conductors sealed hereinabove set forth, for it will be seen that 
in the glass, as in ordinary lamps, or is ar- various plans and means of producing CU1'
ranged to be inductively connected thereto. rents of very high frequency are known, and 
For this last-named purpose the body is in also means for producing very high poten- 75 

10 electrical contaet with a metallic sheet in tials; but I have only described herein cer
the inte!'ior of the neck of the globe, and· tain ways in which I have practically carried 
on the outside of saW. neck is a second sheet out the invention. 
which is to be connected with the source of 'Yhat I elaim is-
current. These two sheets form the arma- .1. The improvement in the art of electric 80 

is tures of a condenser, and by them the cur- lighting herein described, which consists in 
rentsorpotcntials are developed in the light- generating or producing· for the operation of 
giving body. As many lamps of this or other the lighting devices currents of enormons fre
kinds may be connected to the terminal of Sf quency and excessively high potential, s11b-
as the energy supplied is eapable of maintain- stantially as herein described. 85 

20 ing at incandescence. 2. The method of producing an electric cUr-
In Fig. 3, b is a rarefied or exhausted glass rent for practical application,.sl1ch as for elec

globe or receiver, in whieh is a body of C8.1'- tric lighting, which consisi;s in generating or 
bon or other suitable conductor e. To this produeing a cnrrent of encrmons· frequency 
body is connected a, metallic condnctor j, and inducing by such current in a working 90 

25 which passes throngh and is sealed in the eircuit, or that to which the lighting deviees 
glass wall of the globe, outside of which it is are connected, aCUl'l'cnt of corresponding 
united to a copper or other wire g, by means frequ,ency and excessively high potential, as 
of which it is to be electrically connected to set forth. I 

one pole 01' terminal of the source of current.. 3. The method of producing an electric cur- 95 
30 Outside of the globe the conducting-wires arc rent for practical application, such as for elec

protected by a coating of insulation h, of any tric lighting, which consists in charging a con
suitable kind, and inside the globe the sup- denser by a given current, maintaining an 
porting-wire is inclosed in and insulated by a intermittent or oscillatory discharge of sail1 
t.ube or coating lv of a refractoJ.'y insulating condenser through or into a primary circuit, Teo 

35 substance, such as pipe-clay or the like". A and producing thereby in a secondary work
refleeting-plate l is shown applied to the out- bIg-circuit in inductive relation to the pri
Hide of the globe b. This form of lamp is a mary very high potentials, as set forth. 
type of tllOse designed for direct electrical 4, The method of producing electric light 
connection with one terminal of the source lJy incandescence by electrically or induct- 105 

40 of current; but, as above stated, there need ively connecting a conductor inclosed in a 
not be a direct oonnection, for the carbon or rarefied or exhausted receiver to one of the 
otherillnminating body may be rendered Inmi-poles or terminals of a sonrce of electric 
nous by inductive action of the current th6ro- energy or cnrrent of a frequency and poten-
on, and this may be brought about in sev- tial sufficiently high to render said body in- IIC' 

45 eral ways. The preferred form of lamp for candescen~ as set forth. . . 
this purpose, however, is shown in Fig. 2. 5. A system of el~ctric lighting, consisting 
In this figure the globe b is formed with a cy- in the. combination, with a source of electric 
lindrical neck, within which is a tulJe or sheet energy or current of enormous frequency 
m, of conducting material on the side and and excessively high potential, of an incan- I IS 

50 over the (md of a cylinder or plug n of any descent lamp or lamps consisting of it con
suitnhleinsulatingmaterial. 'rheloweredges ducting body inclosed in a rarefied. or ex
of this tube are in electrical contact with a hausted 1'eceiver and connected directly or 
metallic plate 0, secured to the cylinder n, all inductively to one pole or terminal of the 
the exposed surfaces of such plate and of the source of energy, a,s set forth. 120 

55 other conductors being carefully coated and 6. In a system of electric lighting, thecoru.-
protected by insulation. '1'he light-giving hination, with a sonrceof currents of enormous 
bodye, in this case a straight>"ltem of carbon, frequency and excessively high potential, 
is electrically connected with the said plate of incandescent lighting devices, each con-

.. hy a·wire or conductor similar to the wirej, sisling of a eonducting body inclosed in a 125 
60 Fig. 3, which is. coated in like manner with a rarefied or exhausted receiver, said conduct

refractoryillsulating material k. The neck ~ng body being conneetc~ q.irectly or induct
'of the globe fits into a socket composed of an Ively to one pole or termlllal of the source of 
insulatinO' tube or cylinder ]1, with a lUore 01' current, and a conducting body or bodies in 
l.ess complete metalli~ lining 8, electrl.·c. a~ly I the ViCil.lity of said lighting d~vices co?- IJ'=> 

65 connected by a metalhc head 01' plate l' WIth neeteu to thE'> other pole or terllunal of smd 
U c()lldnctor g, t,bat is to be at1ar.ll(~\lto ono . somce, all set fOl'1h, 



70 In ~ system of eleet.deliglrting. the com
'fo>illlation, with ~.sOUl'ee of currents of enormous 
frequency of excessi.vely high potential, of 
lighting devices, each consisting-of flo con-

S d'Qoting body inclosed in a rarefied or ex-
1'll&.f.1lBted'Ji.'0Ceivel' ~wd connected by conduct-· 
orf) directly 01' indnctively with one. qf the 
wnnina18 of said sonrce, all parts oithe con-

d nctol's intermedia'ce to the said source and 
the ligbt-giviug body being insulated and pl'O- ! 

tected to prevent the dissipation of the elec
tric energy, as herein set forth. 

NIKOIjl.. l'ESIJA.-
'Nitnesses: 

PARKER W. PAGE, 
M. G. TRACY. 
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Applic~tion filed January 27,1891, Serial No. 379,261, (No lllocle!.l 

To all who]}u it 7J7,ay concern: and. operation of my motors, as by prodncing 
Be it known that I, NIKOLA TESLA, a sub- a difference in phase in the two energizing

ject of the Empel'orof Austria, from Smiljan, circnits of an alternating-Clll'l'ent motor by 55 
Lilm, borderconntryofAustria-Hnngai'y, and connecting the two cirellits ill derivation and 

5 residing" at New York, in thecountyanc1 State connecting up a condenser ill series in one of 
of New York, have invented certain new and the circnits; but such applications seem to he 
usefulImprovements in Electro-Illagnetic J\Io- ohvious to one familial' with mv motms and 
tors, of which the following' is n specification, the facts above enumerated, .. 60 
reference being had to the accompnnying MypresentimprO\Temellts, howevcl', possess 

10 drawings. certain novel features of prnctical value and 
. The subject o~ Illy presen,t invention is. an I involve a l~nowl~elge of facts less gl':lOrally 
Improvement prllnanly d~)SIgned for apPhca-1 known. Cl hese llnp]'ovements C0111])1'1Se the 
tioll to alternating - current motors of the usc of a condenser or condenscrs in connec- 65 
special type invented by me, and of which the I 'Gion with the induced or armature circuit of 

I5 operation is due to the action of alternating a motor and certain details of the construc
currents differing in phase and directed tion of such motors. In an alternating-cm'
through or developed in independent enor- rent motor of the type to "'hich I have par
gizing-cil'cnits in the motoJ', and causing a ticularly referred above, 01' in any other which 70 
shifting or rotation of the magnetic poles or has an armature coil 01' circuit closed upon 

20 their resultant attractive forces upon the 1'0- itself, the latter represents not only an in-
tating element or armature. ductive resistance, but one which is period i-

My improvements al'e based upon certain cally varying in value, both of which facts 
laws governing the action or effects proeluced complicate allc1rellc1el'Cl iHic\llt the attainment 75 
by a condenser when connected to an electric of the conditions best suited to the most effi-

:15 circuitthrough which an alternating or in gen- cient working of the motOJ's. The most effi-
. eral an undulating current is made to pass. cient working conditions, in other words, re

Someoftheseeffects,anc1 those most important quire,· first, that for a given inductive effect 
in connection with myinvention,areasfollows: upon the armature there should be the gl'eat- 80 
First, if the terminals or pJates of it comlenser est possillle Clll'J'cnt through the armat.ure 0[' 

30 be connected with two points of a circuit, the induced coils, aJlfl, seconc1, that there should 
potentials of which are made to rise alld fall always exist hetween the Cl1lT(\nts in the en-
in rapid snccession, the condenser allows the ergi;"ing awl the illdnced circuits a given re
passage or, more strictly speaking, the trans- lation of phase. lIence whatever tends to 85 
ferrence of a current, although its plates or decrease the seH-indllction and increase the 

3~ armatures maybe so carefully insulated as to C\1lTent in the indnced cil'cnits will, othel' 
prevent almost completely the passage of a things being' equal, incroase the output and 
current of unvarying strength or c1irection efficiency of the motor, anel the same will be 
and of moderate electro-motive force; tleconc1, tnlC of cantles that operatc to maintain the 90 
if a circuit the terminals of which are COll- lllutual attmctiYlJ effect between the fielc1-

40 nected with the plates of the cO]l(lenser pos- magnets and arllwtnre at its maximum. I 
sess a certain self-induction, thc conc1enser secmo these results llY connecting with the 
will overcome or counteraot to a greater oj' inc1 \leed ci I'onit OJ' ci rcn its a condenser, in the 
less degree, dependent UPOll well-unc1erstoOll mannel' hereinaftCl.' (lescl'ibed, and I also, 9': 
conditions, the elfects of such self-induction; with this Plll'POtlC ill Yiow, COllStl'l1Ct tho mo-

45 third, if two points of a closed Ol' complete tor in a speeialmallllel'. 
circuit through which a rapi(lly rising and Hefel'1'Lng'to the tll'itwings for a pal'ticulal' 
falling current flows be shunted or bridged descriptioll of tho inveiltion, Figure 1 is a 
by a condenser, a variation in the strength of view, mainly diagrammatic, of an alternating- r cc 
the currents in the branches and also a c1if- current motor to which my present invention 

50 ference of phase of the currents therein is pro- is applied. Fig.:l is a central section, in line 
c1uced. These effects I have utilized and ap- with the shaft, of a special form of armature· 
plied in a vaI'iety of ways in the constl'llction i Gore mlapte<l to the in VGntioll. 11'ig.:3 is ::t 
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similar section of a modification of the same. 
Fig. '1 is one of the sections of the cor8 de
tached. Fig. 5 iF; a (1 ingram showing- a mo(1 i
fled disposition of armature 01' iJl(l nced Cil'-

5 cuits. 
The general plan of the invention i:-; illus

trated in Fig. 1. A A in this fig-nre repre
sent the frame and field-magnets of an alter
nating-current motor, the poles or projections 

10 of which are wound with coils 13 and C, for111-
i ng independent energi;oIing-circuits oonnect
ed eitherto the same or to indepenclent sources 
of alternating currents, as is now well under
stoocl, so that the cUl'l'ents !lowing through 

15 the circuits, respectively, will have ,a differ
ence of phase. 'Within the influence of .this 
field is aD. armature-core D, wound with coils 
E. In my motors of this description hereto
fore these coils have been closed upon them-

20 selves, 01' connected in a closed series; but in 
the present case each coil 01' the connected 
series of coils terminates in the opposite 
plates of a condenser F. For this pmpose 
the ends of the series of coils are brought out 

25 through the shaft to collecting-rings G, which 
are connected to t.he condenser by cont.act-
11l'ushes II and suitable cond nctors, the con
denser being independent of the machine. 
The armature-eoils are wound or connected 

30 in such manner that ar1jacent coils IJl'odnce 
opposite poles. 

The action of this motor anc1 the effect of 
the plan followed in its construction are as 
follows: The motor lJeing started in opera-

35 tion and the coils of the field-magnets being 
traversed by alternating currents, currents 
are induced in the armature-coils by one set 
of field-coils, as B, and the poles thus estab
lishec1 are aetec1 upon by the other set, as C. 

40 The armature-coils, however, have necessa
rilya high self-induction, which OppOSE'S t.he 
flow of t.he currents thus set up. The con
denser Fnot only permits the passage or trans
ferrence of these currents, but also cOllnter-

45 acts the effects of self-induct.ion, and by a 
proper ac1justment of t.he capacity of the con
denser, the self-induction of the coils, and the 
periods of the Cl1l'rents the conc1enser may 
be made to overcome entirely t.he effect, of 

50 the self-induction, 
It is preferable on account of t.he undesir

ability of using sliding contacts of all kinds 
to associate the condenser with the armature 
directly, or make it a part of the armature. 

55 In some cases I build up the armature of an
nular plates Ie K, held by bolts L between 
heads 1\1, which are secured to t.he drivil1!.(,
shaft, and in the hollow space thus formed I 
place a conc1enser F, generally by winding- the 

00 two insulated plates thereof spirally around 
the shaft. In other cases I ulilir.e the plates 
of the core it.self as the plates of the con
denser. For example, in Figs. :3 and ±, N is 
the driving-shaft, JH l\I are the heads of the 

65 armature-core, and K K' the iron plates of 
'which the core is built np. These plates are 
insulated from the shaU al1(l f!'0111 one another, 

anc1 are held together by rods 01' holls L. Tho 
bolts pass through a large hole in one plate 
and It slllall hole in the one next adjacent, 7" 
alllI so Oll, eOlllleoiillg olee! l'ically all o( plates 
Ie, as ouo armature of a cOll(lens()]', and all of 
plates K' as the othor. 

'1'0 eithel' of the C'ondensers aboye (lesC'ribell 
the armature-coils may be connected, as ex- 75 
plainec1 by reference to Fig. 1. 

In motors in 'which t.he armature-coils are 
closed upon themselves-as, for exam pIe, in 
any forlll of alternating -current motor in 
which one armature coil- or sct of coils is in 8c 
Lhe position of maximum induction with re
spect to the field coils or poles, while the other 
is in the position of minimum induction-the 
coils are pl'eferably connected in one series, 
and t.wo points of the circuit thus formed arc 85 
bridg'ed by a condenser. This is illustratecl 
in Fig. 0, in which E represents one set 
of armatnre - coils and E' the other. Theil' 
points of nnion are joined through it con
d~nsCl' F. It will lJe observed that ill this 90 

c1isposition the self - induction of the two 
branches E and E' varies with their position 
relatively to the field-magnet, and that each 
branch is alternately the predominating sourco 
of the induced current, Hence the effect of 95 
the condenser F is t\'i'Ofolt1. First, it increases 
the current in each of the branches alter
nately, and, secondly, it alters the phrase of 
the Cl1l'rents in the branches, this being the 
well-known effect ,yhich results from snch a 100 

disposition of a condellser with a circuit, as 
above described. This effect is favorable to 
the proper \vorking of the motor, because it 
increases the flo\v of current in the armaturo
circuits due to a given inductive efrect, aml lOS 

also because it brings more nearly into coin
cidence the maximum magnetic effects of the 
coacting- field and armature-poles. 

It will be understood, of course, that the 
causes that contribute to the efiiciencyof con- 110 

deusers when appliecl to such uses as above 
must be given due consideration in determin-
ing the practicability and efiiciency of the 
motors. Chief among these is, as is well 
known, the periodicity of the current, and r [5 
hence the improvements which I have here'-
in described are more particularly ada.pted to 
systems in which a very high rate of alterna
tion or change is main tained. 

Although this inventiou has been illustrated 120 

herein in connection \yit.h a special form of 
motor, it will be undeJ'stood that it is equally 
applicable to any other alternating-current 
motor in which there is a closed al'matUl'e-
coil ,yherein the currents are inlluced by the r 25 
action of the field, and, furthermore, I would 
Ktate that the feat.ure of utilizing the plates 
or sections of a magnetic core for fonni ng t.he 
condenser, I regard as applicable, generally, 
to other kinds of alternating-cnrrent appa- [30 
ratns. 

Having llOW llescl'ibecl my invention, what 
I claim is-

1. In an alternati ng-clllTell t motor, the com·· 
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bination, with the field-m&gnets and energiz- bination, with the induced energizing coil or 
ing-circnit, of an armature-circuit and a core ('oils of the armature, of a C'ondenser con
adapted to be cnergized by·cnrronts induced nocted therewith anel made a part of tho al'
in its circuit by tho CUl'l'ents in the fiehl-cir- matmo 01' rotating element of t.he motor. 

S cuit, and a eonc1enser eonnecied wi ih 1 he arlllH- I 5. III it n alternating-cn l'rellt motor, the COlll- 25 
ture-circuit only, as set forth. binatioll, with an armature-core composed of 

:? In an alternating-cnrrent motol', the com- insulated conducting-plates alternately C011-

hination, with armature-coils in inductive re- nected to fOI'Ill a condenser, of an iu(luc811 en
lation to the fi~lll and connected in a closed I ergizing coil or coils wound theroon and oon-

:0 C'il'cuit., of a condenfler hridging said circuit, nectod to the plates Ot' armatlll'es of the sai(l 30 

as set forth, condenser. 
3. In an hlternating-cl1l'rent motor, the CO\l1- G. A magnetic core for alternating-current 

hination, with an armature and two energiz- apparatus, oomposed of plates or sections ill
ing-circuits formed by coils wound theroonin slllated from each other and alternately con-

I S different inductive relations to the field and nected to forlll the two parts Ol' armatures of 35 
joined in a continnous or closed series, of a a condenser. 

20 

condenser the plates of which are connected, 
respectively, to the jUllctions of the circuits 
or coils, as set forth. 

4. In an alternating-current motOl', tho ('0111-

NIKOLA 'rESLA. 
·Witnesses: 

PARKER 'Y. PAGE, 
FRANK B. MURPHY. 
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UNITED STATES PA TENT OFFICEe 

NIKOLA TESLA, OF NEW YORK, N. Y. 

ELECTRICAL M ETE.R. 

SPECIFICATION forming part of Letters Patent No. 455,068, dated June 30, 1891. 

Application filed March 27,1891. Serial No, 386,666. (No model,) 

To all wh07n it 1nay concern,; potentLalbetween the two conductors through-
Be it known that I, NIKOLA rrESLA, a sub- out the entire extent that is exposed to the 

ject pf the Emperor of Austria, from Smiljan, solution, the current densitythl'ough such so- 55 
Lika, horderconntryofAustria-I-Iungary, and lution is the same at all corresponding points, 

5 a residentofN ewYork, in the county and State and hence the deposit is nniform along the 
of New York, have invented certain new and whole of one of the conductors, while the 
nseful Improvements in Electrical Meters, of metal is taken away uniformly from the other. 
which the following is a specification, 1'efer- The resistance of one conductor is by this 1)0 

ence beillg had to the drawings accompany- meaus di minished, ·while that of the ot-her is 
10 ing and forming a part of the same. increased both in proportion to the stl'ength 

My invention pertains to methods of and of the current passing through the cond netors. 
apparatns for esti mating the electrical energy From such variation in the resistance of either 
that has been expended in an electric circuit or both of the conductors forming the positive 65 
or any given portion of the same. and negative electrodes of the cell the current 

15 The principle of theinvention is embodied energy expeuded may be readily computed. 
in any form of apparatus in which a con- Other modified arrangements of the con
ductor immersed in an electrolytic solution is ductors are contemplated, as will be under-
so arranged that metal may be deposited upon stood from the following description an(l ref- 70 
it or taken away from it in such manner that erence to the drawings. 

20 its electrical resistance is varied in a definite I The fignres are diagmllls Hhmving the me
proportion to the strength of the current th~ tel' in operative relations to a working-ciJ'cnit 
energy of which is to be computed, whereby and under slightly-modified arrangements. 
such variation in resistance may serve as a In Fig. 1, G designates a suitable direct- 75 
measure of the energy 01' may be utilized in current generator. L L al'e the conductors 

25 va rious well-understood ways to bring into ac- of the circuit extending therefrom and in
tion suitable automatic registering mechan- cluding and supplying lamps 01' othe!' trans
ism when the resistance exceeds or falls below lating devices T .. A fs a tube, preferably of 
predetermined limits. glass, the ends of which are sealed, as by 80 

In carrying out my invention I prefer to means of insulating plugs or caps B B. 0 Of 
30 employ an electrolytic cell, through which ex- are two conductors extending through the 

tend two conductors parallel and in close tube A, their ends passing out through the 
proximity to each othcr. Iconnect these con- I plugs B to terminals thereon. '1'hese con
ductors in series through a resistance, but in I ductors may be corrugated or formed in other 8:) 
such manner that there is an equal difference proper ways to offer the desired electrical re-

35 of potential between them throughout their sistance. R is a resistance connected in se
entire extent. The free ends or terminals of I ries with the two conductors 0 Of, which by 
the conductors are connected either in series their free terminals are connected up in the 
in the circuit supplying the current to the circuit of one of the conductors L. 90 
lamps or other devices or in parallel to a re- The method of using this device and com-

40 sistance in the said circuit and in series with puting hy means thereof the energy of the 
the translating devices. Under such cirCllm- eurl'ent· will be readily understood. First, 
stances a current passing through the con- the resistances of the two conductors 0 Of, 
ductors establishes a difference of potential respectively, are accurately measu!'ed and 95 
between them which is proportional to the noted. '1'hen a kuown current is passed 

45 strength of the current, in consequence of through the instrument for a given time, and 
which there is a leakage of current from Olle by a second measurement the increase and 
conductor to the other across the solution. diminution of the resistances of the two con
The strength of this leakage current is pl'O- ductors respectivelytalcen. From these data JO~ 
portional to the difference of potential, and, the constant is obtained-that is to say, for 

50 therefore, in proportion to the strength of the example, the increase of resistance of one 
current passing' through the conductors. conductor or the diminution o(the resistance 
Moreover, as there is a constant difference of of the other per lamp-hour. These two meas-
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Ul'eillents evidently serve as a check, since I 
the gain of one condnctor should eqmtl the 
loss of the other. A further cher·1\: is affordell 
by llleasuring both wires ill series with the 1'8- I 

5 sistance, in which case the resistance of the I 
whole should remain constant. 

In Fig. 2 the condnctors 0 0' are connected I 
in parallel, the current device at X pass
ing in OIle branch first through it resistance 

10 R' and then through conductor 0, while in 
the other branch it passes first through con
ductor C', and then through resistance R". 
The resistances R' R" are equal, as also are 
the resistances of the conductors 0 U'. It is, 

15 moreover, preferable that the respective rfl
sistances of the conductors C C' should be a 
known and convenient fraction of the coils 
or resistances R' R". It will be observed 
that in the arrangement shown in Fig. 2 there 

20 is a constant potential di1reren~e between the 
two conductors 0 C' thrcughont their entil'c 
length. 

It will be seen that in both cases illus
b'ated the proportionality of the increase or 

25 decrease of resistance to the current strength 
will always be preserved, for what one con
ductor gains the other loses, and the resist
ances of the conductol'S C C' being small as 
compared with the resistances in series with 

30 them. It will bc unde'rstood that after each 
measurement or registration of a given val'ia
t.ion of resistance in one 01' both conductors 
the direction of the cnrrent should be chan.e:ed 
or the instrument reversed, so that the -de-

35 posit will be taken fl'om the conductor which 
has gained and added to that whicl1 has lost. 
This principle is capable of many modifica
tions. For instance, since there is a section 
of the circuit-to wit, the condnctor Cor C'-

40 that varies in resistance ill proportion to the 
current strength, snch variation may be util
hed, as is done in many analogous cases, to 
effect the operation of various automatic de
vices, such as registers. I prefer, however, 

45 for the sake of simplicity to compute the en
ergy by measnrements of rcsistance. 

The chief advantages of this in venUon are, 
first, that it is possible to read off directly the 
amount of the energy expended by means of 

50 a properly-constructed ohlll-meteL' and with
out resorting to weighing the deposit; second, 
it is not necessary to employ shunts, fOl' the 
whole of the current to be measured may be 
passed through the instrument; third, the ac-

55 curacy of the instrument an(l correctness of 
the indications :1,l'e but sligbt.1y al"feeted by 

changes in temperature. In addition to these 
advantages the invention possesses the m~rit 
of economy in the waste of cnergy and snu
plicity, compaf'tness, ana c]waplJ(ls:-; in con- 60 
struction. 

,Vhat I elaim is-
1. rrhe method of eomputing the amonnt of 

eloctrieal energy ex penc1ec1 in a given ti m.e in 
an electric circuit, which consists in main- 65 
taiJ1ing by the current a potential difference 
between two concI nctol's in an electrolytic so
lulion uniform thronghout the whole extent 
of snch conductors exposed to the solution 
and measuring the variation of the resistance 70 

in one 01' both of said conductol's due to the 
gain or loss of mej,al 1)y electro-deposition, as 
set fOl"th. 

:? The combination, with an ('lectrie cir
cuit, of it meter composed of au electrolytic 75 
cell and two conductors passing through the 
same, the said conductors being in or con
nected with the main circuit: and so that it 

potential difference uniform U11'0ughout the 
whole extent exposed to the solution will be 80 
maintained betweon them, as set forth. 

13. The combination, with an electl'ic cir
cuit containing translating devices, of a me
ter composed of an electrolytic cell and two 
conductors passillg through the same and 85 
connected in series with the translating de
vices, awl one or more resistances connected 
thf'rewith for establishing a Dotential differ
ence between the two conductors through the 
solution of the cell, as set forth. 0° 

40. An electrical meter consisting o[ an elec
trolytic cell, two parallel conductors extend
ing through the same, the said conductors be
ing cOl1necto<l together in series through It re
sistance and having terminals at t1le[1' free 95 
ends for connection with a circuit, these parts 
being combined in the manner substantially 
as set forth. 

5. An electric meter consisting of a tubular 
cell containing an electrolytic solntion and JOO 

closed at the ends, two parallel conductors ex
tending through the cell, a resistance-connec
tion between the end of Olle conductor and 
the oppo:-;itc end of the othcr, and terminals 
fo1' the remaining el1<ls of the respecti ve COIl- 105 
(luciol':';, tlJe:';e part.s lJeillg' eoml)ine<1 as set 
forth. 

NIKOLA TESLA, 

\Vitnesses; 
ROBT. F, GA YLORD, 
PARKER 'Yo PAGE. 
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UNITED ST A TES P ATEN'l"' OFFICE. 

NIKOLA 'l'ESIJA, OF NEW YORK, N. Y. 

ELECTRIC INCANDESCENT LAMP. 

SPECIFICATION forming part of Letters Patent No. 455,069, dated June 30,1891. 
• Application filed May 14,1891. Serial No. 392,669. (No model.) 

To all wh07n it Inay concern: minals of a source of Clll'l'ent of very g'l'eat 
Be it known that. I, NIKOLA TEsLA, a sub- frequency and very high potential. 

ject of the Emperor of Austria, from Smiljan, The practical requirements of this in ven- 55 
Lika, border country of Auetria-Huugary, re- tion are widely different from those employed 

5 siiling at. New York, in the county and State in producing apy of the phenomena hereto-
of New York, have invented certain new and fore observed, such differences being mainly 
useful Improvements in Electric Incandes- in respect to the current., which must be one 
cent Lamps, of which t.he following is a speci- of enormous frequency and of excessively 60 
fication, reference being had to the draw- high potential, and also to the degree of ex-

Ie ings accompanying and forming a part of the haustion of the globe or receiver, which mnst 
same. be carried at least beyond the point at which 

:My invention is a new form of lamp for a spark.will pass, or to the condition known 
giving light by the incandescence of carbon aR a" non-striking vacuum," and it may be 65 
or other suitable refractory conductor pro- as much farther as possible. 

15 duced hy electrical energy. This application is confined to It particular 
In order to more distinctly point out those form of lamp which I employ in anew system 

features which distinguish my invention, I invented by me, which system involves, as 
would state that heretofore electric lamps one of its essential characteristics, the em- 70 
have been made, first, by mounting are· ployment of currents or electric effects of a 

20 fractory conductor on metallic f:urporting- novel kind. In an application filed by me 
wires leading into a hermetically-sealedre- April 25,1891, No. 390,414, I have shown and 
ceiver from which the air has been exhausted described this system in detail, and I there-
or replaced by an inert gas, and, second, by fore deem it snfficient.for the present case to 75 
placing two independent conductors in a re- say that the lamps herein described, while 

25 ceiver or cglobe and partially exhausting the utterly inoperative on any of the circuits now, 
air therefrom. In the first case the carbon or, so far as I am aware, heretofore employed 
or other conductor is rendered incandescent become highly efficient sources of light if the 
by the actual flow or passage of a current frequency of the current by which they are 80 
through it, while in the second the luminous operated be sufficiently great and the poten-

30 effects, as heretofore produced, or, in fact, tial sufficiently high. To produce such cur
the only luminons effects that could be pro- rents, any known llleans may be ut.ilized or 
duced by any means heretofore known, were the plan described in my said application fol
due to an actual discharge of current from /lowed of disruptively discharging the accnmn- 85 
one conductor to the other across the inter- lated en€'l'gy in a condenser into or through 

35 mediate space of rarefied ail' or gas. a primary circuit to produce a current of very 
It maybe further remarked that in variolls high frequency, and inducing from this cnr

forms of Geissler or vacuum tubes the termi- rent a'~econdarycurrent of a very much higher 
nals or points within the tube become or have potential. 90 
a tendency to become heated by the action I I now refer to the drawings in illustration 

40 of the high-tension secondary discharge. In of the invention. 
SilCh tubes, however, tb,e degree of exhaustion Figure 1 is a vertical sectional viewof a lam p 
is comparatively low, as a high vacuum pre- ' constructed with leading-in wires for direct 
vents the well-known Geissler discharge or connection with a circuit or source of current. 95 
effect. Moreover, with such low degrees of Fig. 2 is a similar view of a form of lamp ar-

tS exhaustion the points or wires, if heated and ranged for inductive connection with such 
allowed to become incandescent, are speedily source. . 
destroyed. . The common methods or steps followed in 

I haye discovered that two conducting- the manufacture ofthe ordinary incandescent leo 
bodies mounted in a very highly exhausted lamps and Geissler tubes may be employed 

50 receiver may be rendered incandescent and in the manufacture of these improved lamps 
practically utilized as a source of light if as far as capplicable. 
connected directly 01' inductively to the ter- A is a glass globe or recei vel; with a neck 
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or base B. Conducting-wires C C enter this 
globe and are sealed in the walls thereof. 
The entel'ingwil'es C arestll'l'oUlHled by small 
tubes or cups D. The joints between the 

5 wires C and the incandescing conductors are 
made within these cups in auy ordinary man
ner, and the lower parts of the cups are filled 
with bronze-powder E or other suitable ma
terial to effect a good electrical connection. 

10 The cnps are then filled up with fire-clay or 
other refractory non-couductor F, which is 
molded around the carbons G. The carbons or 
other refractory conductors or semi-conduct
orsG are completely isolated from one another. 

IS They are here shown as slender strips; but 
they may have any other desired shape. 
I-Iamps thus madeal'e attached to a vaCll
urn-pump ill the usnal way. After the pro
cess of exhaustion bas been carried on for 

20 some time they are brought to incandescence 
by a suitable cl1rrent, by which the fire-clay 
is thoroughly baked and the occluded gases 
are driven off. The exhaustion is carried to 
the highest possible point, and the globe 

25 finally sealed off at H. Inasmuch as there is 
a tendency to sparking when the cnrrent is 
turned on before the exhanstion h'as been 
carried very high, it is well, when the char
acter of the carbon admits of it, to cause their 

30 ends to approach, in order that the sparks 
may leap across between such points, where
by the danger of injury to the carbons or the 
lamp is lessened. The conductol's outside the 
globe, as well as all those which convey the 

35 current from the source, should be carefully 
insulated to prevent the dissipation of the 
current. 

In lieu of connecting the two carbons di
rectly to the circuit through leading-in wires, 

40 provision may be made for inductively con
necting them, as by me!1ns of condensors. 
l!'ig. 2 shows a form of lamp of this tlescl'ip
tion that I have employed. The globe A has 
two extende(l tnbulat' portions 13 13'. Inside 

45 of these tubular extensions are condenser
coa tings K I\:'. 

J J are plugs of fire-clny 01' the like con
tained in the extensions B H'. '1'he two eOIl
ductors G G are supported by these pIngs 

~o and connected by metaHic strips ?II with the 
condenser-coatings K K', respectively. Over 
the outside of the extensions B B' me fittotl 
inSUlating-caps N N', having metallic linings 
o 0', with terminals a<laptec1 for connection 

55 with the circuit-wires. ",Vith slich cmrrents 
as are cmploye(l to operate these lamps. con
densers of small capacity, such as those thus 
made, transmit the energy from the ont:;;icle 
circuit to the carbons within the ~,rlobe with 

60 little loss. 'l'hislampis exhaustec1 and sealecl 
off from the pu mp in the same manner as that 
first described. There is no electrical con
nection at any time between the two carbons 
of this lamp and no visible c1ischal'geortmns-

65 fel' of current from one to the otllel' thl'ough 

the highly-rarefied medium between them. 
The fnct, therefore,-of theil' being rendered, 
incandescent by the action of snch a, current 
as I have described seems to be mainly at-
tributable to condenser action. 70 

The carbons, or .. ,yhatever substance may 
be used in their stead, may be of any desired 
Eorlll.nnd may be placed in different relative 
positions. 

The manner of making the lamp null the 75 
general form of the lamp as a whole may be 
varied in numberless ways. I have merely 
sho,,,n herein typical forms which embody 
the principle of the invention and which by 
experience I have demonstrated to be prac- 80 
tical lamps. 

As the lamps which I employ and which 
are made as aboye desc-ribed are absolutely 
inoperative in any system from which the 
hereinbefore-described conditions of potCli- 8S 
tial and freqnency are absent, so the various 
lamps heretofore devised for use with high
potential currents, in which the exhaustion, of 
necessity, has not been carried to or beyond 
the non-striking point, are practically worth- 90 
less in my ne\" system, an(l this is the distin
guishing featurfl of novelty in mylamps-viz., 
that they are exhausted to 01' beyond the non
striking point. 

",Yhat I claim as my inven tion is- C)S 
1. An incandescent lamp consisting of two 

isolated refractory conductors contained in a 
non-striking vacuum and adaptcd to produce 
light by incanllescence, each being provided 
with a terminal for connection with a source Toe 
of electrical energy, as set forth. 

2. The combination, with a globe 01' re
ceiver exhausted to the non-striking point, of 
two isoh1ted bodies of refractory conducting 
material adapted to emit light by incanc1es- 105 

cence and mounted within said globe, and 
means for connecting said bodies with the 
two poles 01' termimLls, respectively, of a, 
source of electrical energy. 

3. In an incandescent electric lamp, t,1Ie 110 

combination, with a globe 01' receiver ex
hausted to the non-stl'iking point, of metallic 
wires sealed therein, IL refmctory lJOtly 
mounted 011 or electrically connected to each 
wire, the said wires within the globe and such 1[5 

parts of tlle refractory bo(ly as are noi; to be 
l'endero<l incantlescent being coate<l OJ' COY

ored wit.h insulation, as set. forth. 
-1. The combination, with a globe or re

ceiver exhausted to the non-striking l)oi I! 1;, of 120 

metallic wires sealed therein, 11 refractory 
conductor united to each of said wires with-
in the globe, an inSUlating-covering around 
the wires and joint, and a refractory insulat
ing-body surrounding the refractol'Y conduct- 125 

OI·S nem· i;he joint, as set fort.h. . 
NI1;;:OLA 'l'ESLA. 

",Vit.nesses: 
Rowl', F. GAYLOHD, 
l'AHKEH ",Y. PAGE. 
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NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR '1'0 'rUE TI£SLA ELECTRIC 
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ELECTRO-MAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 459,772, dated September 22, 1891. 

Application filed April 6,1889. Serial No. 306,166 .. (No model.) 

To all Wh07J1; it 7nay concern: . with a current. of a vel'Y high numbor of al-
Be it known that I, NIKOLA TESLA, a sllb- ternat.iolls the motor may not rospond pl'Op

jeot of the Empel'orof Austria, ft'om Smiljan, el'l}'. To avoid this objection and to Stl\l·t up 
Lika, bOl'der countl'Y of Austria-Hungary, 1'e- a 8ynchronizing motol' in which these cOllcli- 55 

5 siding at New York, in the county and State tions obtain is the object of my pl'esent in-
of New York, have inveiltec1 certain new and yention. I have thel'efol'e comhlned two lllO

nseful Improvements in Electro -Magnetic I tOI'S, one a synchronizing motol', the othor :i 
Motors, of which the following is a specifica-I multiple-circuit or tOl'qne motor, anel by the 
tion, reference being had to the drawings ac- latter I bring the first Ilameu up to speed, 60 

IO companying and forming a part of the same. and then either throw the wholo cnrrent in to 
As is well known, certain forms of altel'nat- I the synchronizing motor 01' openlto jointly 

ing-current machines have the property, when both of the motors. 
connectec1 in circuit with an alternating-cur- This in ven tioll in vol ves several novel and 
rent generator, of running as a motor ii1 SYll- useful features. It will bo obsflrved, in the 6') 

I5 chronism therewith; but while the alternating first place, that both motors are rnn without 
. cnrrent will rnn the motor after it has nt- comlllutators of any kind, and, secol1(lly, that 
tainec1 a rate of speed synchronous with that the speec1 of the torque motor may be h ighel' 
of the generator it will not start it. Hence in than that of the synchronj,,;ing motor, as will 
all instances heretofore when these "synchro- be the case when it ccntains a fewer nnmller 70 

20 nizing motors," as they are termed, have been of pules or sets of poles, so that the motor will 
run, some means have been adoptec1 to bring be more reaclilyand easily bronght up to speed. 
the motors up to synchronism with the gen- Thirdly, the synchl'Ouizinp: motor may bo con
erator, or approximately so, before the alter- structecl so as to have a much moreprol1ounced 
nating current of the generator is applied to tenc1ency to synchronism without lessoning 75 

25 c1rive them. I the facility with which it is started. 
In an application filed February 18, 1889, In the drawings I have illustrated the in-

Serial No. 300,220,Ihaveshown and described vention. 
an improVf)c1 system of operating this class Figure 1 is a part sectional yiew of the two 
of motors, which consists, broadly, in Willc1- motors; Fig. 2, an end view of the synchroniz- 80 

30 ing or arranging the motor in such manner ing motor; Fig. 3, an end view and part sec
that by means of suitable switches it could tion of the torque or double-circuit motor; 
be startec1 as a multiple-circuit motor, or one Fig. 4, a diagram of the circuit connections 
operating by a progression of its magnctic employed; and Figs. 5, G, 7, 8, and £) are dia
poles, anc1 then, when np to speed, or nearly grams of modified dispositions of the two mo- 85 

35 so, convertec1 into an ordinary synchronizing tors. 
motor, or one in which the magnetic poles Inasmuch as neither motor is doing any 
were simply alternated. In some cases, as work while the CUl'rent is acting upon the 
when a large motor is usec1 anc1 when the other, I prefer to rigidly connect the two Ilrlllrt
number of alterna.tions is very high, there is tmes. I therefore monnt both upon the same 90 

40 more or less difficulty in bringing the motor shaft A, the field-ma~nets J3 of the synchro-
to speec1 as a double or multiple-circnit 1ll0- I nizing amI C of tho torq ne motor being secured 
tor, for the plan of construction which rondel's I to tho same baso D. The preferably larger 
the motor best adapted to run as a synchl'o- synchronizing motor has polar projections on 
nizing motor impairs its efficiency as a torque its armatlll'o, which rot.ate ill very closo prox- 95 

45 or double-circnit motor ullllel' the assumed illlity to the polos of the iiel(l, and in other 
conc1itions on the start. This will be readily respects it conforms to the conditions, HOW 
understood, for in a large synchronizing mo- well uwlerstoocl, that are necessary to secure 
tor the length of the ma.gnetic circuit oBhe po- synchronous action. I prefer, howover, to 
larprojections anc1 their mass are so great that wind the pole-pieces of the al'matUl'e. with 100 

50 apparently considerable time is required for closed coils E, as this obviates the employ
magnetization and demagnetization. Hence mOll t of Hlieling contacts. The smaller or 
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torque metol', on the other hand, has, prefer
ably, a cylindrical armatnm F, without polar 
l)l'ojectiom; and wound with closed coilsG,as 
I have described in my previous patents, 

5 notably No. 382,270, dated May 1, 1888. The 
field-coils of the torq ne motor are connected 
up in two series H and I, and the alternating 
current from the generator is directed through 
or dividad between these two circnits in any 

10 manllel'to produce a progression of the poles 
or points of maximum magnetic effect,. I 
secure this result in a convenient way by 
conllect illg the two motor-cireuits in deriva
tion with the circuit, from the generator, in-

IS serting in olle Illotor-circuit a dead resist
ance and in the other a self-induction coil, by 
which lIleans a difference in phase between 
the two divisions of the CUl'l'ent is secnred. 
If both motors have the same nnlllbel' offielcl-

20 poles, the torque motor for a given number 
of alternations will tend to run at double the 
speed of the other, fOI', assuming the connec
tions to be such as to give the best results, its 
poles are divided into two series and the 

:as numher of poles is virtunlly reduced one-half, 
whi('h being acted upon by the sallie number 
of alternations tend to ]'otate the armature 
at twice the speed. By this moans the main 
armature is more easily brought t.o or above 

30 the required speed. ·When the speed neces
sary fOl' synchronism is imparted to the main 
motor, the current is shifte(l from the torque 
IllOtOI' in to the othel·. 

A convenient alTangement for calTying out 
35 this invention is shown in Fig. 4. In said 

figure J J are the field-coils of the sychl'oniz
in,g', and II I the field-coils of the torque, mo
tor, L Ii are the conductors of the main 
line. One end of, say, COilR n is connected to 

40 wire L throngh g self-induction coil]\f. One 
end of the other set of coils I is connected t.o 
the same wil'e through a. dead resistance N. 
The opposite ends of these two circuits are 
connected to the contact m of a switch the 

1-5 handle or lever of which is in connection with 
the line-wire I/. One end of the field-circuit 
of the synchronizing motor is connected to 
the wireL. The otherterminatesin the switch
contact'll. From the diagram it will be read-

50 ily seen that if the lever P be turned onto 
contact 1n the torque motor will start oy 
reason of the difference of phase between the 
Clll'l'ents in its two energizing-circuits. Then 
when the desired speed is attained if the le-

S 5 yer P be shifted onto contact n the entire 
current will pass through the fialcl-coils of the 
Rynchronizing motor and the other will be 
doi ng no .work. 

The torque motor may be constrncted and 
60 operated in various ways, many of which I 

have described in other applications; but I do 
not deem it necessary in illustration of the 
principle of constrnction and mode of opera
tion of mypresentin'vention to describe these 

65 further herein. It is not necessary that one 
moto]' be cut out of circuit while the other is 

in, for both may be acted npOll by the cnr
rent at the same time, and I have devised va
rious dispositions or al'1'angements of the two 
motors for accomplishing this. Some of these 70 

arrangements are illu3trateu in Figs. 5 to 0. 
Referring to Fig. 5, let '1' designate the 

torque or multiple-circuit motor and S the 
synchronizing motor, L 1/ being the line-wires 
-I'rom a source of alternating' current. The 75 
two circuits of the torque motor of different 
degrees of self-indnction, and c1esignated by 
N M, are connectec1 in derivation to the wire 
L. They are then joined and connected to 
the energizing-circuit, of the synchronizing 80 
motor, the opposite terminal of which is con
nected to wire 1/. '1'h(~ two motors are thus 
in series. To start them I short-circuit the 
fiynchronizing motor by a switch P', throwing· 
the wbole current through the torque motor. 85 
'1'hen when the desired speed is reached the 
switch P' is opened, so that the current passes 
through both motors. In such an arrange
ment as this it is obviously desirable for 
economical and other reasons that a proper 90 
relation between the speeds of the two motors 
should be ooserved. 

In Fig. G another disposition is illustrate<l. 
S is the synchronizing motor and T the torque 
motor, the circuits of both being' in parallel. 95 
VV is a circuit also in derivation to the lllotor
circuits and containing a switch P". S' is a 
switch in the fiynchronizing-motor circuit. On 
the start the switch S' is opened, cutting out 
the motor S. Then P" is opened, throwing 100 

the entire current through the motor '1', giv-
ing it a very strong torque. ,Vhen the de
sired speed is reached, switch S' is closed amI 
the current divides between both 1ll0torR. By 
means of switch P" both motors may be eut ros 
out. 

In Fig, 7 the arrangement is substantially 
the same, except that a. switch 1" is placed ill 
the circuit which includes the two circuits of 
the torque motor. I IO 

Fig, 8 shows the two lllotots in series, with 
a shunt around both containing a switch S T. 
There is also a. shunt around the synchroniz
ing motor S, with a switch P'. 

In Fig, 9 the same disposition is shown; I IS 
bnt each motor is provided with a shunt, in 
which are switches P' and '1''', as shown. 

The manner of operating the systems will 
be understood fl'om the fOl'egoing descri p-
tions. 120 

I do not claim hel'ein the torque motor nor 
any part thereof, except in so fal' as they en-
ter into the combination which forms the sub
ject of this application, for I have made the 
distinguishing features of said motor the sub- r 25 
ject of other applications. 

,Vhat I now claim is-
1. An alternating-current non-synchroniz

ing electric motor coupled with a synchroiliz-
ing alternating-current motor, subst.antially 130 

as set forth, whereby the former starts the 
latter and throws it into synehl'onism with 
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its actuating-current, and Rwitch mechanism a starting device for bringing said motor into 
for directing the current through either or syncl,ronism with the generator with which 30 
both of the motors, as set forth. it is connected. 

2. The combination of two motors the ar- 5. The combination, with an alternating-
5 matures of which are mounted upon the same current motor composed of a lllultipolar al

shaft, one of said motors being an alternating- ternating field-magnet, and an armature hav
current torque motor, or one in which the ing poles wound with coils closed upon them- 35 
magnetic points or poles are progressively selves, of a starting device, as set forth. 
shifted oy the action of the energizing-cur- O. In an alternating-current motor, the COlll-

IO rent, the other motor being an alternating- bination of a field-magnet having poles wound 
currentsynchronizing;motor,anclswitchmech- with coils adapted when connected with a 
anism for directing the current through either source of alternating current to producH si- 40 
or both of said motors, as set forth. multaneously oppoRitH magnHtic polaritiHs 

3. The combination, with an altHrnating- and an armaturH providHd with poles or pro-
IS current synchronizing motor having one en- jections and wound with coils connected in 

ergizing-field, of an alternating-cn~'rent torque a continuously-closed unconnected circuit, as 
motor having a plurality of energizing-cir- set forth. 45 
cuits and adaptHd to be operated by currents 7. The herein-described method of operat
differing in phase, and a switch for directing I ing alternating-curren t motors, which consists 

10 the alternating current or currents through in actuating a motor by an alternating cut'
the several circuits of one motor or the 8ingle rent to bring a second alternating - CU~Tent 
circuit of the other, as and for the purpose lllotor up to synchronizing speed relative to 50 
set forth. the actuating-current and then switching the 

4. The combination, with an alternating- synchronizing motor into circuit. 
25 current motor having field· cores wound with NIKOLA TESLA. 

coils adapted to be connected to a source of ·Wi.tnesses: 
alternating curren ts and an armature wonnd GEORGE N. MONRO, 
with induced coils closed upon themselves, of ED~WARD T. EVANS. 
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UNITED STATES PATENT OFFICE. 

NIKOIJA TESLA, OF NEW YORK, tN, y, 

METHOD OF AND- APPARATUS FOR ELECTRICAL CONVERSION AND DISTRIBUTION, 

SPECIFICA'rION forming part of Letters Patent No, 462;418, dated November 3, 1891. 

Application filed Pebruar:\' 4, 1891. Serial No, 380,182, (No model.) 

To all whom it may concern: each impulse,alternation, or oscillation of 
Be it known that I, NIKOLA TEsLA,a sub- the current extremely small: To the many 

ject of the Emperor of Austria,from Smiljan, difficulties in the way of effecting this me- 55 
Lika, border country of Austria-Hungary, re- chanically, as by means of rotating switches 

5 siding at New York, in the conntyand State or interrupters, is perhaps due the failure to 
of New York, have invented certain new and realize practically, atleast to any markeu de
useful Improvements in Methods of and Ap- gree, the advantages of which such a system 
paratus fOlElectrical Conversion. and Dish'i, }s capable. To obviate these difficulties, I (IC 

bntion, of which the following .is a specifica-, have in my prese,nt invention taken a<l-
iotion, referehco being had to the drawings ac- vantage of the fact above ref13rred to, and 

companying and formiQg a part of the same, which has been long recognized, that if a COIl
rrhis invention is an improvement in meth- denser or a conductor possessing capacity be 

ods of and apparatus for electrical conversion, charged froin a suitable somce and be dis- 65 
uesigned for the better and more economi- charged through a circuit the discharge nn· 

15 eal distribution and application of electrical del' certain 'conditions, depenllent on the ca-
energy fO,r general useful purposes. pacity of the condenscrbr conductor, the self-

My inv~ntion is based on certain electrical induction and resistance of the discharging 
phenomena which have been observed by circuit, and the rate ·of supply anu decay of 70 

. eminent scientists and l:ecognized as due to the electrical energy, lllay be effected inter-
20 laws which have been in a measure demon- mittently or in the form of oscillation.;; of ex, 

strated, but which,;JO far as I am aware, have tremely small period. / 
not hitherto been utilized or applied with Hl'iet1y stated in geuera1 terllls, the plan 
any practically useful result~. Stated brief- which I pursue in carrying' out my invention 75 
ly, these phenomena are as, follows: First, if is as follows: 

z5 a condenser or conductor possessing capacity I cmploy 11 generator, preferauly, of yery 
be 'charged from a suitable. generator and high tension and capahle of yieWing eithel' 
discharged through a, circuit, the discharge dil'ectoraltel'llatingcllrrents. Thisgeneratol' 
under certain conditions will be of an intel'- I connect. up with a condenser or conductor 80 
'mittent or oscillatory character; second, if of some capaeit.y and discharge the accumu-

\0 two points in an electric circuit through which lated electrical energy d isrllpti vely througlt 
a current rapidly rising and falling in strength an air-space or otherwise into a working cir
is made to flow be connected with the plates cuit containing translating devices and, when 
or armatures of a condenser, a variation in required, condensers, These discharges may 85 
the current's strength in the entire circuit or be of the same direction or alternating and 

35 in a portion of the same only may be 'pro- intermittent, ~uccecding each other more 01' 

ducedj third; the amount or charactcr of less rapitlly 01.' oscillating to and fl'o with ex
such variation iIi the current's strength is treme rapidity, In the working circuit, by 
dependent upon the condenser capacity, the reason of the condenser action, the current 90 

, self-induction and resistance of the circuit or impulses or diseharges of high tension and 
to its sections, and the period or time rate of small volume are conyerteu into Cllrrents of 

change of the current. It may be ouserved, I lowet' tension and gl'cater volume. The pro
however, that these several factol's-the ca- dnction and application of a current of snch 
pacity, the s~lf-induction, resistance, and pe- rapid oscillations 01' alternations (the nil m hul' 95 
riod-are all related in a mannel' well uuder- may he many millions pet' secorul) SCCllres, 

-1-5 stood by electricians; but to render slIch ('on- among others, the followillg' exceptionallvl
version as may be effectcd by condensers vantages: Fit'st, the capacity of the condens
practically available and useful it is desir- ers'fol' a given output is much llilllinisheu; 
able, chiefly on account of the increased out- secollll, the efficiency o[ the condenl'3ers is ill- ICO 

put and efficiency and reduccd eost of the cl'eased and the tendency to become heate<l 
50 apparatus, to produce curl'ent-impulse!; suc- reduced, and, t.hird, the range of convel'sion 

eee(ling each other with very great rapidity, is enlal'ged. I have thus succeeded in pl'O-
0)', in other words, to render the duration of {1tlCing a system 01" method of conversion 
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radicaJly different from what has been done I rate at which the circuit including tl~e ge!l
heretofore-first, with respect to the numbm' eratOl' is capable of ta,ldng up and gettI~lg rId 
of impulses,nlternatiims. or osciilations of CHI'- of the energ-y. Since the resIstance ann selt'- 70 

rentper unit of time,and,secolld, with respect induct.ion of the working ~ircnit C and the 
5 to the manner in which the. impulses are ob- rapidity of the successive dIscharges n~ay be 

tained. To express this result, I define the varied at will, the current strength III the 
working·current asone of an excessively small working and generating circuit may belt!' to 
periodol'ofan excessivelylargenumberofim- one another any desired relation. _ 7S 
pulses or alternations or OSCiIl~LtiOl1S per unit To understand the action of the lom.1 con-

KO of time, by which I mean not a thousand or denser E in Fig. 2, let a single discharge be 
even twentyorthirtythollsand per second, but first considered. This discharge has two 
U,lauy-times that number, and one'shich is paths offered-one to the condenser. E, t~e 
made intermittent, alternating, or oscillC>vting other through the part L of the w?rInng c~r- 80 
of itself without the employment of illl2chani- cuit C. -The part L, however, by~vlrt~e. of Its 

15 cal devices. ~elf-induction, offers a strong OppOSItIOn to 
I now proceed to an explanation somewhat such a sudden discharge, while the cond~n~eI', 

more in detail of the nature of .my invention, on the other hand, offers n? such OPPOSItIOIl. 
referring to the accompanying drc-nvings. I The result is that practICally no current 85 

The two figures are diagrams, each repre- I passes at first through the branch 1J, but pre-
20 senting a generating·circuit, a working .cil'- sumably opposite electricities rnsn to the 

cuit, means for producing an intermittent condenser-coa,tings, this storing for the ~o-
or oscillating discha'·ge, and, condensers at'- ment electrical energyin the condenser. TIme 
ranged or combined as contempl-ated by my -is gained by- this means, and the condens~r 90 

invention. then discharges through the branch L, thIS 
25 In "Figlu'e 1, A represents agenerator of high process being repeated for each disch~rge oc

tension; 13 n, the conductors which lead out cnning at D. The amount of -electrIcal en
from the same. To these conductors are con- ergy stored in the condenser at each-, charge 
nected the conductors C of a working circuit is dependent upon the caI>a~ity of the ~o,?-- 95· 
containing translating devices, such as in- denser and the potential of its plates. It IS 

30 candescent lamps or motors G. In one or both evident, therefore, that the quicker the disc 
conductors B is a break D, the two ends be- cbarges succeed each other the smailer for a 
ing separated by an air-space or a film ofinsu- given output need be the capacity of the _con
lation, through which a disruptive discharge denser and the greater is also the efficiency of roo 
takes place. F is a condenser, the plates of the condenser. This.is confirmed by prac-

3S which are connecteq. to the generating-ci "cuit. tical results. 
Ifthis circuit possess itself sufficient capacity, The discharges OCCUlTing at D, as stated, 
the condenser F may be dispensed with. may be of the same direction or may be alter-

In Fig. 2 the generating-circuit 13 B con- nating, and in the former case the devices r05 
tains a condenser F and discharges through contained in the working: circl'lit may-be trav-

40 the air-gaps D into the working: circuit C, to ersed by currents of the same or alternately
any two points of which is connected a COil- opposite direction. It may be observed, how
denser E. The condenser Eis·used to modify ever, that each intermittent discharge occu1'-
the current in any partoftheworkingcil'cuit, ring at D may consist of a number of oscilla- 110 

such as L. tions in the working circuit or branch L. . 
4S It may cond nceto a, better understanding . A periodically-oscillatirig discharge w'm oc

of the invention to consider more in detail cur at D iIi Fig, 1 when the qunntities con
the conditions existing in such a system as cerned bear a certain relation expressed in 
is illustrated in Fig. 1. Let it be assumed, well-known formulre and ascertained by sim- r IS 
therefore, that in the system there shown the pIe experiment .. In this case it is demon-

50 rate of supply of the electrical energy, the strated in theory and practice that the ratio 
capacity, self-induction, and the resistance of .of the strength of the current in ~he working 
the circuits are so related that a disruptive, to that in the generating circuits is the greater 
~ntermittent, or oscillating discharge occurs the great-er the self-induction,and the smaller 120 

at D, Assume that the first-named takes the resistance of the working circuit the 
5S place. This will evidently occmr when the smaller the period ofoscilIatiou. 

rate of supply from the generator is-no.t ade- I do not limit myseJf to the use of anyspe
quate to the capacity of the generator, con- cific forms of the apparatus described in con
ductors B B, and condenser F. Each time nection with this invention nor_to the precise 125 
the condenser F is charged to such nn extent. arrangement of the system with resp,ect to its 

60 that the potential or accumulated charge over- details herein shown. In the drawings re
comes the dielectric strength of the insulat- turn-wires are shown in the circuit; but it will 
jng-space at D the condenser is discharged. be understood that in any ease the ground 
It is thell.recbal'ged from the generator A, and may be conveniently used in lieu of the 1'e- I30. 

this process is repeated in more or less rapid turn-wire. 
65 succession. The discharges will follow each l'\That I claim is-

other the more rapidly the more nearly the 1. The method of electrical conversion here-
rate of supply from the generator equals the in described, which consists in charging acon-
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dense!' or conductor possessing ca,pa,city and more air-gaps 01' tH'ea,ks in the conducting 
maintaining a succession of intermittent or medium, the electrical conditions being so aLl
oscillating disruptive discharges of said con- justed that an intermittent 01' oscillating dis
ductor into a working circuit containing ruptive discharge from the generating into IS 

5 translating devices. . ',. ' . I the working circuit will be maintained, as s('t 
::l. In a system of electrical conversion, the I forth. -

combination of a generator or source of elec-
tricity and a line or generating circuit con
taining a cotldenser or possessing capa{lity, 

[0 and a working circuit opei'atively connected 
with t.he generating-circuit through one 01' 

NIKOT,A TEST,.:\. 

Witnesses: 
ROBT. F. GAYLORD; 
PARKER W. PAGE. 
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To all Wh01YU ii 7nClY concern: degree that the capacity of the condenser, 
Be it known that I, NIKOLA TESLA, a sub- which is in part dependent on the potential, 

ject of the Emperor of Austl'ia, from Smiljan, need be quite small. The value of this con- 55 
Lika, border country of Austria-Hungary, 1'0- denser will be determined in a well-under-

5 siding at New York, in the connty and State stood manner with reference to theself-induc-
of New York, have invented certain new and tion and other conditions of the circuit, so as 
useful Improvements in Electro -lUagnetic to cause the cnrrents which pnss through it 
Motors, of which the following is a specifica- to differ fl'om the primary cnl'l'en ts by a q uar- 60 
tion, reference being had to tho drawing ac- ter-phase. 

10 companying and forming a part of the same. The drawing is apartly-c1iagmmmatic ill us-
The general object of my present invention tration of a motor embodying my invention. 

is to secure artificially a difference of a quar- I have illustrated the in nmticin as embodied 
tel' of a phase between the currents in the in a motor in which the inductive relation of 65 
two energizing-circuits of an alternating-cul'- the primary anrl secondary circuits is secured 

IS 1'ent electro-magnetic motor of that general by winding them inside the motor partly 
class invented by me, in which the action or upon the same cores; but it will he under
operation is dependent upon the inductive in- stood that the im'ention applies, generally, to 
fluence upon a rotating armatnre of inde- othel' forms of motor in which one of the en- 70 
pendent field magnets or coils exerted suc- 'I ergizing-cnrrents is induced in any way from 

20 cessively and not simultanionsly. the other. 
It is a well-known fact that if the field 01' Let A 13 represent the poles of an aHemat-

energizing circuits of such a motor be both ing-cmrent motor, of which C is the anna
derived from the same somce of alternating tme wound with coils D, closed upon them- 75 
currents and a condenser of proper capacity selves, as is now the general practice in mo-

2$ be included in Olle of the same, approxi- tors of this kind. The poles A, which alter
mately the desired difference of phase may nate with poles B, are wound with coils of 01'-

be obtained between the currents flowing di- dinary or coarse wire E in such direction as 
rectly from the somce and those flowing to make them of alternate north and sou th 80 
through the condenser; but the great size and I polarity, as indicated in the diagram by the 

30 expense of condensers for this purpose that characters N S. OYer these coils or in ot.her 
would meet the requirements of the ordinary inductive relation to the same are wonndlong 
systems of comparatively low potential are fine-wire coils 11' IT all (1 in the same direction 
practically prohibitory to their employment. throughout as the coils E. These coils are 85 

Another now well- known method or plan secondaries, in which currents of very high 
35 of securing a difference of phase between the potential are induced. I prefer to connect 

energizing-currents of motors of this kind is all the coils E in one sel'ies and all the sec
to induce by the currents in one circuit those and aries F in another. 
in the other circuit or circuits; but no means On theintermoc1iate poles 13 are wound fine- 90 
have heretofore been proposed that would se- wire energizing-coils G, which are connected 

40 cure in this way between the phases of the in series with one another and also with the 
primary or indncing and the secondary or in- series of secondary coils F,the direction of 
duced currents that difference--theoretical1y winding being such that a cUl'l'ent-impulse 
ninety degrees-that is best adapted for prac- induced from the primarJ~coils E imparts the 95 
tical and economical working. same magnetism to the poles B as that pro-

45 I have deYised a means which renders pmc- tlnced in poles A by the primary impulse, 
ticable both the above-described plansormeth· This condition is indicated by the characters 
ods, and by which I am enabled to obtain an K' S'. 
economical and efficient alternating-current! In the circuit formecl by the two sets of 100 

motor, my invention consisting in placing a coils F and G is introduced a condenser II; 
50 condenser in the secondary or ind uced circuit otherwise the said circuit is closed n pan itself, 

of the motor above described and raising the while the free ends of the circuit of coils E 
potential of the secondary CUl'1'ents to snch a are connected to a somce of alternating cur-

\ 
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rents. ~s the con~1enser capacity w}lic1~ is I ill. inc1ucti ve relation th?reto, the ~om~inati~n, 
needed III any partIcular motor of tlllS kllld I wtth the secondary or Induced CIrCUIt or CIl'-
is dependent upon the rate of alternation or cuits, of a condenscr interposed in the same, 20 

the potential, or both, its size or cost, as be- as set forth. 
S fore explained, may oe brought within eco-. 2. In'an alternating-current motor, the co 111-

nOlllicallimits for use with the orc1inary eir- binatioil of two energizing-circuits, one con
cuits if the potential of the seconc1ary circuit nected or adaptec1 for connection with a source 
in the motor be sufficiently high. By giving I of alternating currents, the other constitut- 25 
to the condenser proper values any desired I ing a high-potential secondary circuit in in-

10 difference of phase between the primary and ductive relation to the first, and a condenser 
secondary energizing- circnits may be ob-

I 

interposed in said secondary circuit, as set 
tained. forth. 

What I claim is-:- . NIKOLA 'l'ESLA. 
1. In an altern a tll1g-cl1lTen t lllotor prOVIded 

15 with two or more energizing or field circuits, 
one of which is adapted for connection with 
a source of currents and the other or others 

"\Vitnesses: 
ROBT. F. GAYLORD, 
ERNEST HOPKINSON. 
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To aU wh01n it 1J'Uay concern: 
Be it known that I, NIKOLA TESLA, a citi

zen of the United States, residing at New 
York, in the county and State of New York, 

5 have invented a certain new and useful Im
provement in Electrical Condensers, of which 
the following is a specification, reference be
ing had to the accompanying drawings. 

The subject of my present application is a 
10 new and improved electrical condenser con

structed with a view of obviating certain de
fects which I have observed to exist in the or
dinary forms of such apparatus when em
ployed in the system devised by me of pro-

15 ducing light and other effccts by means of 
currents of high fre(luency and high poten
tial. 

I have found that insulating material such 
as glass, mica, and, in general, those bodies 

20 which possess t.he highest specific inductive 
capacity are inferior as insulators in snch 
devices when currents of the kind described 
are employed to those possessing high insu
lating power, together with a smaller specific 

25 inductive capacit.y, and I have also found that 
it is very desirable to exclndeall g~lSeOt1S mat
ter from the apparatus, or any access to the 
same to the electrified surfaces, in order to 
prevent heating by molecular bombard men t 

30 and the loss or injury consequent t.hereon. I 
have fonnd that I may accomplish these re
Rults and prod nce highly efficien t and reliable 
condensers by using oil as the dielectric, and 
in this my invention resides. 

35 No special construction of the condenser is 
necessary to a demonstration of t.he inven
tion; but the plan admits of a particular con
struction of condenser, in which the distance 
between the plates is adjustable, and of v.hich 

40 I take advantage. 
In the accompanying drawings, Figure 1 is 

a section of a condenser constructed in ac
cordance with my invention and having sta-

tionary plates, and Fig. :l is a similar view 01' 
a condenser with adjustable plates. 45 

I nse any suitable box or receptacle A to 
con tain the plates or armatures. ~l'hese lat
ter are designated by B a;nc1 C and are COll

nected, respectively, to terminals D and E, 
which pass out through the sides of the case. 50 
The plates ordinarily are separated by strips 
of porous insulating material F, which are 
used merely for the purpose of maintaining 
them in position. The space within the can 
is filled with oil G. Such a condenser will 55 
prove highly efficient and will not become 
heated or permanently injured. 

In many cases it is desirable to vary 01' ad
just the capacity of a condenser, and this I 
provide for by securing the plates to ac1just- 60 
able supports-as, for example, to rods II
passing through stuffing-boxes K in the sides 
of the case A and fUl'l1ishec1 v.-ith n lltS L, the 
ends of the rods being threaded for engage-
ment with the nuts. 65 

It is well known that oils possess insulating 
properties, and it has been a common prac
tice to interpose a body of oil between two 
conductors for purposes of insulation; but I 
have discovered peculiar properties in oils 70 
which render them very vfLlnn-ble in this par
ticular form of device, their employment ill 
which has never h~retofore and, so far as I 
am aware, been regard eel as necessal'y or even 
desirable. 75 

vVhat I claim is-
1. An electric condenser composed of plates 

or armatures immersed in oil. 
2. An electrical condenser composed of 

plates or armatures adjustable with respect 80 
to one another and immersed in oil. 

NIKOLA TESLA. 

'Yitnesses: 
PARKER 'V. PAGE, 
MARCELLA G. TRACY. 
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To all wh07n it maiyconcern: erablenumbel'of current reversals orimpulses 
Be it known that I, NIKOLA TEsLA, a sub- for each revolution of the armature by ob

ject of the Emperor of Austria-Hungary, for- serYing the main condition essential to the 
merly of Smiljan, Lika, bordercountryof Aus- operation of my system that the phases of the 

5 tria-Hungary, but now residing at New York, currents in the independent induced circuits SS 
in the county and State of New York, haye in- of the generator should not coincide, but ex
vented certain new and useful Improvements hibitasuffieient difference in phase to produce 
in Systems for the Electrical Transmission of the desired results. I may accompli::;h this in 
Power, of which the following is a specifica- I a variety of ways, which, however, vary only 

10 tion, reference heing had to the drawings ac- in detail, since they are based upon the same 60 

companying and forming a part of the Rame. underlying principle. Forexample, to adapt a 
This invention is an improvement in sys- given type of alternat:ng-CLllTent generator I 

tems of electrical distribution of power where- may cou pIe rigidly two com plete machines, se-
in are employed motors having two or more curing them so that the l'equi5ite difference 

IS independent energizing - circuits, through in phase between the cUl'I'ents produced by 6S 
which are passed alternating cL1l'l't:)nts differ- each will be obtained, or I may secure two 
ing in phase that are produced by a milgneto- armatures to the same shaft within the infiu
electric machine havingilldependent induced ence of the same field and with an angular 
circuits, or that are obtained from any other displacement that will produce the proper 

20 suitable source or by any other suitable means. difference in phase between the two currents, 70 
In illustration of the various conditions which ot'I may secure two armatures to the same 
I regard as most important to an attainment shaft with theie coils symmetrically disposed, 
of the best results from the use of motors of and place two sets of field-magnets at such 
this character, I have heretofore used gener- angle as to secure the same result, or, finally, 

2S ally forms of generator in which the relations I may wind on the same armature the two sets 7 S 
of the induced or current-generating coils and of coils alternately, or in such manner that 
field-magnets were such that but two impnlses they will develop currents, the phases of 
or current are produced in each coil by a sin- which differ in time sufficiently to produce 
gle revolution of the armature or field cores. rotation of the motor. 

30 The rate, therefore, at which the different Another feature of my invention is in the 8c 
phases or impulses of current in the line-cir- plan which I have devised for utilizing gen
cuits succeeded one another was so \Htle erators and motor::; of this type, whereby a 
greater than that at which the armatu'i'e of single generator may be caused to run a num
the generator revolved that without special bel' of motors either at the same speed as its 

35 provision the generator required to be run at own or all at different speeds. This I accom- 8S 
very high speed to obtain the best results. plish by constructing the motors with fewer 
It is well known that the most efficient re- poles than the generator, in which case their 
suIts are secured in the operation of such mo- speed will be greater than that of the gener
tors when they are run at high speeds; but as atOl', the rate of speed being higher as the 

40 the practicable rate of speed is much limited number of their poles is relatively less. This 90 

by mechanical conditions, particularly in the will be understood from an example. SUp
case of large generators, which wonld be re- pose the generator has two independent gen
quired when a number of motors are run from erating-coils which revolve between two pole-
a single source, I have sought to produce a pieces oppositely magnetized and that the 

4S greater number of current impulses by a slow I motor has energizing-coils that produce at 95 
or slower speed than that at which the ordi- any given tittle two magnetic pules in one 
nary bipolar machines may be economically element that tend to set up a rotation of the 
operated. I therefore adapt to my system any motor. A generator thus constructed yields 
of the various types of multipolar altel'llat- four impulses or reversals of current by each 

So jug-current machines which yield a consid- revolution, two in each of its independent 100 



487,796 

circuits, and 1 have demonstrated that the ef- similarly to that of the genel'atol', but with 
fect npon a motor such as that mentioned is two sets of two coils in closed circuits to cor
to shift the magnetic poles through three respond with the reduced number of mag-
hundred and sixty degrees, It is obvious netic poles in the field. 70 

5 that if the four reversals in the same order From the foregoing it is evident that one 
coulc1 be produced by each half-revolution revolution of the armature of the generator 
of the generator the motor would make two producing eight current impulses in each ciL'
revolutions to the generator's one. This cuit will produce two revolutions of the mo-
would ue readily accomplished by adding two tor-al'matUl'e. 75 

10 intermediate poles to the generator 01' alter- The application of the principle of this in-
ing it in allY of the other equivalent ways veution is not confined toanyparticnlal'form 
above indicated. The same rule applies to of machine. In Figs. 3 and 4 a generator and 
genemtors and motors with multiple poles. motor of anothel' well-known type are shown. 
For instance, if a generator be constructed In Fig. 3,J J are magnets disposed in a circle 80 

IS with two circl1it8, each of which produces and wound with coils K, which are ill circuit 
twe1ve reversals of ClllTent to it revolution, ·with a generator which supplies the Cllrrent 
and these cUl'l'ents be clil'ectec1 through the that maintains the fle1c1 of force. In the usual 
independent enel'gizing-coils of a Illotor, the construction of these machines the armature
coils of which are so applied as to proc1uee conductor Lis clll'l'ied by n suitable frame, so 8s 

2:) twel\'e magnetic poles at all times, the rota- as to be rotated in face of the magnets J .J or 
tion of the two will be synchronous; uut if between these magnets and another similar 
the motor-coils produce butsix: poles the mov- set in face of them. The magnets are ener
able element will ue rotated twice while the gizec1 so as to be of altel'llately-opposite po
generator rotates once, or if the motor have letrity thronghont the series, so that as the 90 

25 four poles its rotation will be three times as conductor C is rotated the current impulses 
fast as that of the generator. combine or are added to one another, those 

These features, so f,1I' as it is necess,.U'y to produced by the conductor in any given posi
an understanding of the invention, are illns- tion bp-ing all in the same direction. To adapt 
trated in the accompanying drawings. such a machine to my system, I add a secon(l. 9S 

30 Figure 1 is a diagrammatie illustration of set of ind uced cond nctors M, in an respects 
a generator ronstructed in aceol'dance with similar to the first, but so placed with refer-
my invention. Fig. "2 is a similar dew of a ence to it that the C1ll'rents produced in each 
cOl'l'espondingly-constl'l1cted motor. Fig.3 is ,,,ill differ by a quarter-phase. "Yitll snch 1'0-
adiagramof ageneratol'of modified construc- lations it is evident that as the cUl'I'ent do- 100 

3S tion. Fig. 4 is a diagram of it motor of cor~ creases in condnctor IJ it increases in con
responding character. Fig. 5 is a diagmm of cl nctol' M, and conversely, and that any of the 
a system containing a generator and several forms of motor invented by me for lise in this 
motors adapted to I'1In at varions speeds. system may be operated uy snch generator. 

In Fig. 1, let C represent a cylindrical anl1a- Fig. L1 is intended to show a motor corre- 105 

4(; tUl'e-corewoundlongitl1dinally with insulated sponding to the machine in Fig. 3. The con
coils A A, which are connected np in series, stl'uction of the motor is identical with tbat 
the terminals of the series being connected of the generator, aurl if coupled thereto it will 
to collecting-rings a a on the shaft G. By run synchrononsly thl'rewith. ;J' J' are tIle 
means of this shaft the armature is monnted J field-magnets, and K' the coils thereon. 1/ is IIO 

45 to rotate between the poles of an annular one of the armatlll'e-contlnctors and 1\1' the 
field-magnet D, formed with polar projec- other. . 
tions wound with coils E, that magnetize the Fig. 5 shows in diagram other forms of 11111-
said projections. The coils E are included chine. The generator N in this case is shown 
in the circuit of a generator F, by means of as consisting of a stationary ring 0, wound 115 

50 which the field-magnet is energized. If thus with twenty-four coils I' P', alternate coils 
constructed, the machiue is a well-known form being connected In series in two circuits. 
of alternating-cl1l'rent generator. To adapt vVithin this ring is a disk or drum Q, with 
it. to my system, however, I wind on armature projections Q' wound with energizing-coils in-
C a second set of coils B B intermediate to cluded in circuit with a generator R. By driv- r 20 

55 the first, or, in other words, in slIch positions ing this disk or cylinder alternating currents 
that while the coils of one set are in the rela- are produced in the coils P and P', which are 
tive positions to the poles of the field-magnet carried olI to run the several motors. 
to produce the maximum current those of the The motors are composed of a ring 01' an· 
other set will be in the posicion in which they Ilnlar field-magnet S, wound with two sets of 125 

60 produce the minimum current. The coils B enel'gizing-coils T '1", and armatmes U, hall
are connected, also, in series and to two col- tug projections U' wound with coils V, aU 
lecting-rings b b, secured generally to the shaft connected in series in a closed circuit or each 
at the opposite end of the armature. closed independently on itself. . 

The motor shown in Fie:. 2 has an anBular Suppose the twelve generator-coils P ,11'e 130 

65 field·magnet II, with four pole-pieces wound wound alternately in opposite directionS, so 
with coils I. The armature is constructed that any two adjacent coils of the same set 



487,796 

tend to produce a free pole in the ring 0 be- tor will revolve at a slower speed thali the 
tween them and the twelve coils P' to be generator. 
similarly wound. A single revolution of the What I claim as my invention is- . 
disk or cylinder Q, the twelve polar projec- 1. 'rhe combination, with an alternating- 50 

5 tions of which are of opposite polarity, will current generator comprising independent 
therefore produce twelve current impulses in I armature-circ. uits formed by conductors al
each of the circuits W W'. Hence the motor ternately disposed, flO that the currents de-
X, which has sixteen coils or eight free poles, I veloped therein will differ in phase, and field
willlllake one and a half turns to the gener- magnet poles in excess of thenumberofarma- 55 

10 ator's one. The motor Y, with twelve coils or tnre-circuits, of a motor having independent 
six poles, will rotate with twice the speed of the energizing-circuits connected to the armature
generator, and the motor Z, with eight coils or circuits of the generator, substantially as set 
four poles, will revolve three times as fast as forth. 
the generator. Thesemultipolarmotorshave 2. The comhination, with a source of alter- 60 

[5 a peculiarity which may be often utilized to nating currents which differ in phase and com
great advantage. For example, in the motor prising a rotating magneto-electric machine 
X, Fig. 5, the eight poles may be either alter- yielding agiven number of current impulses 
nately opposite or there may be at any given or alternations for each turn or revolution, of 
time alternately two like and two opposite a motor or motors having independent ener- 65 

20 poles. This is readily attained by making gizing-circuits through which the said cur
the proper electrical connections. '1'he effect rents are caused to fiow, and poles wbich in 
of such a change, however, would bethe same number are less tban the number of current 
as reducing the number of poles on~-half, impulses produced in each motor-circuit by 
and thereby doubling the speed of any given one turn or revolution of the magneto-ma- 70 

25 motor. In these and other respects it will be chine, as set forth. 
seen that the invention involves many im- 3. The combination, with a multipolar al-
portant and valuable features. ternating-cnrrent machine having in depend-

It is obvious tbat the electrical transform- ent induced or current-generating circuits, of 
ers described in prior patents to me and motors having independent energizing-cir- 75 

30 which have independent primary currents cuits and a smaller number of poles than the 
may be used with the generators berein de- generator, as set forth. 
scribed. I 4. The combination, with an alternating-

It may be stated with respect to the de- I current generator having independent in
vices hereinafter set forth that the most per- duced circuits and constructed or adapted to 80 

35 feet and harmonious action of the generators produce a given number of current impulses 
and motors is obtained when the numbers of or alternations for each turn or revolution, of 
the poles of each are even and not odd. If motors having corresponding energizing-cil'
this is not the case, there will be a certa~n cuits and poles which in number are less 
unevenness of action which is the less appre- than the number of current impulses pro- 85 

40 ciable as the number of poles is greater; but duced in each circuit in a turn or revolution 
even this may be in a measure corrected by of the generator, as set forth. 
special provisions which it is not here neces
sary to explain. It also follows, as a matter 
of course, and from the above it is obvious, 

45 that if the number of t,he poles of the motor 
be greater than that of the generator the mo-

NIKOLA TESI~A. 
Witnesses: 

FRANK E. HARTLEY, 
FRANK B. MURPHY. 
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To )CiZ? wh01n it 7l"bCiij conce7'7u: I such ?l~lTen~ a .second current in the other 
Be It known that I, NIKOLA TESLA, a sub- energlZlllg' cu'cmt. Or, on the other hand, I 

ject of the Emperor of Austria-Hungary, from may connect up the two energizing circuits 
Smiljan, Lika, border coun try of Austria-Hun- of the motor in del'i vation or multiple arc 55 
gary, residing at New York, in the county with the main circuit from the source. In 
and State of New York, have invented cer- either event I make due provision for main
tain new and nsefulImprovements in the Elec- tailling a difference of phase between the cur
trical Transmission of Power, of which the rents in the two circuits or uranches. 
following is a specification, reference being In carrying out my invention I have used 60 

J 0 !lad to the drawings accompanying and forlll- various means for securing this result. For 
lllg a part of the same. example, when I induce a current in one of 

In certain patents heretofore granted, I have the circuits frolll the current flowing in the 
shown and described a system of electrical other, I employ a form of converter or bring 
power transmission, in which each motor con- the two circuits in to snch inducth'e i'elations 65 

T j tained two or 1110re independent energizing as will produce the necessary differeuce of 
.circuits through which were caused to pass af- phase, 01', when I obtain the two energizing 
terz:tating currents, having in each circuit snch currents by derh'ation, I make the two cir-
a chfference of phase that by their combined cuits of different degrees of self induction by 
orres~lltalltaction they produced a rotary pro- inserting a resistance or a self induction coil 70 

;to gl'eSSlOn of the poles or points of maximum ill one of said circnits, or I combille these de
magnetic effect of the motor and thereby vices in different ways as I shall more specifi
maintained the rotation of its movable ele- cally describe hereinaftel'. 
ment. In the system refencd to and de- 'rhe accompanying drawings to which I now 
scribed in said patents, the production or refer in further illustration of my in vention, 75 

25 generation of the alternating Cl11'l'cnts upon are a series of diagrams illustrating, not the 
the combined or l'esulan t action of which the specific construction of the particular devices 
operation of the system depends, is efrected which I mayor may not have nsed, but rathel', 
by the employment of an alternating cunent ' the electrical connections and relations to be 
generator with independent induced circuits adopted in carrying out the present system 80 

30 which, by l'eason of the winding or other con- by Ineans of devices which are now well 
struction of the generator produced cnrrents known. 
differing in phase, and these currents were Figure 1 is a diagram illustrating the meth
conveyed directly from the generator to the ad of operating the motors by inducing one of 
c.orresponding motor coils by independent the energizing currents by the other. Fig.2 85 

35 lIlles or circuits. I have, however, discovered is a similar diagram of the method of operat
another method of operating these motors, ing the motors w hel'e the two energizing cn1'
which dispenses with one of the line circuits rents are obtained by derivation from a sin
and enables me to run the motors by means glesource. Fig. 3 isa modified application of 
of alternating currents frore; a single original this principle. _ 90 

,~o source, ..... I Referring' to F!g. 1 let A repr~sent t11e 
Broadly stated thIS InVentIOll COllSIstS In ' source of alternatIng currents wJ11ch are to 

passing alternating currents, obtained from be utilized in operating the motor or motors. 
one original source, through both of the en- It will be understood that considered as a 
ergizing circuits of the motor, and retarding source of current it may be either a primary 95 

45 the phases of the current in one circuit to a or secondary generator. 
greater or less extent than in the other. B B designate the cond uctors of the circuit 

The distribution of current between the which convey the alternating currents to one 
two motor circuits may be effected by induc- or more motors. The motor has two energiz-
tion or by derivation, In other words, I may ing circnits, or sets of coils CD. One of these 100 

50 pass the alternating current from the source circuits as C is connected directly with the 
through one energizing circuit and induce by circuit B. The athol' set of coils as D, is cou-



llected up in the secondary circuit of an elec- greatel' extent than in the other circnit, and 
trical transformer or ind uction coil T. The in this way to secure the necessary difference 45 
primary coil P of this transformer, is included in phase between the two energizing cl1l'rents 
in the circuit B. The alternations of current to produce the rotation of the motor. 

S in the circuit B tend to establish in their pas- In an application filed, of even date here-
sage through the coils C, a polarity at l;ight with, I have shown and described other ways 
angles to that set up by the coils D, and if of accomplishing this result, among which ~o 
the currents in the two sets of coils accorded maybe noted the introduction of a resistance 
in their phases, no rotary effect would be pro- capable of variation in each motor circuit, or 

10 duced. But the secondary current developed the use of a resistance in one circuit and a 
in the coil pI of the transformer, will lag be- self-induction coil in the other. 
hind that in the primary which lag or re- In the above description I have referred ~5 
tardation may be increased as I have shown mainly to motors with two energizing circuits, 
in another application, to a sufficient extent but it is evident that the invention applies 

IS to practically obtain the same result as though equally to those in which there are morethan 
two independent alternating currents were two of such circuits, the adaptation of the 
used to energize the motor. same being a matter well understood by those 6c 

In Fig. 2 the two energizing circuits of the skilled in the art. 
motor are shown connected in multiple arc I do not claim in this application the spe-

20 to the circuit B B, and in one of these circuits cific devices employed by me in carrying out 
is a resistance R. Assuming the two motor the invention, having made these the sub-
circuits to have the same self induction and jects of other applications. 65 
resistance no rotary effect will be produced "What I claim herein is-
by the passage through them of an alternating 1. The method of operating motors having 

25 current from the source A. Bunf one of the independent energizing circuits, as herein set 
motor circuits, as C, be varied or modified by forth, which consists in passing alternating 
the introduction of a dead resistance R, the currents through both of the said circuits and 70 
self-induction of that circuit or branch is re- retarding the phases of the current in one 
duced, and the phases of current therein re- circuit to a greater or less extent than in the 

30 tardcd to a correspondingly less extent. The other. 
relative degrees of retardation of the phases 2. The method of operating motors having 
of the current in the two motor circuits with independent energizing circuits, as herein set 75 
respect to those of the unretarded current in forth, which consists in directing an altern at; 
the cil'cuit B thus produced, will set up a 1'0- ing current from a single source through both 

35 tation of the motor which may be practically I circuits of the motor and varying or modify-
utilized for many purposes. ing the relative resistance or self-induction of 

In Fig. 3, the arrangement of the parts is the motor circuits and thereby producing in 80 
similar to that shown in Fig. 2, except that a the cUl'rents differences of phase, as set forth. 
self-inductioncoi~ ~s S is. int~'oduced into one NIKOLA TESLA. 

40 branch or energlzmg clrcllit of the motor. 
The effect of thus increasing the self-induc
tion in one of the circuits is to retard the I 
phases of the current passing therein to a 

Witnesses: 
FRANK E. HARTLEY, 
FRANK B. MURPHY. 
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'1'0 ct,ll Wh01lu it llUbY concern: or less extent than in the other. '1'he dish'i-
De it known that I, NIKOLA TESLA, a su b- bntioll of the main or original current th l'ough 

jectof the Emperor of Austria-Hungary, from the two motor circuits may be effected by in
Smi1jan,I"ika, bordercountryof Austria-Hnn-j <lnction or by derivation. In other words, I 55 

S gary, residing at :Kew York, in the county may pass the alternating Cl1l'rent from the 
and State of 1\0w York, have invented cer- SOUl'ce through one energizing circuit, and in
tain new and useful Improvements in Sys- llnce by such cnrrent a S0COlld Cllrrent ill the 
tems of Electrical Power Transmission, of other energizing circuit. 01', 011 the other 
which the following is a specification, refer- ha11(1, I may connect up the two energizing 60 

10 ence being had to the drawings accompany- circuits of the motor in derivittion or multi-
ing and forming a part of the same. I pIe arc with tile main circuit from the source. 

In certain patents heretofore granted, I ha ve In either event I make d ne provision for main
shown and described a system of electrical I tain ing a difference of phase between the cur-
power transmission in which each motor con- rents in the two circuits or branches. 65 

15 tained two or more independent energizing I In an application filed by me May 15, 1888, 
circnits throngh which were caused to pass Serial 1\0.273,093, I have shown and described 
alternating Cllrrents having in each circuit I the means which I have employed for seClll'
such difference of phase that by their com- in;:;- this result by inducing one energizing 
bined or resultant action they prod uced a 1'0- current from the other. 70 

lO tary progression of the poles or points of max- illy present applicationl'elates to the llleans 
imum magnetic effect of the motor and th81;e- employed when the two energizing currents 
by maintained the rotation of its movable are obtained from a single original source by 
element. In the system referred to and de- derivation. 
scribed in the said patents the production 01' In explanation of what appears to be the 75 

25 generation of the alternating CUl'l'ents, upon principle of the operation of my invention 
the combined or resultant effect of which the and of the functions of the several instru
operation of the system depends, is effected mentalities comprised thereby, let it be as-
by the employment of an alternating curren t su med that the two energizing circuits of an 
generator with indepenc1ent induced circuits alternating cnrrent motor, sllch, for example, 80 

30 which, by reason of the winding or other COll- as I have described in my Patent No. 382,280, 
strllction of the generator, prodncesclll'l'ents dated :May 1, 1888, are connected up in deri
differing in pha~e, and these currents are con- vation or III nltiple arc with the conductors 
veyed directly fl'om the generator to the COl'- of a circuit including an alternating current 
responding motor coils by independent lines geuerator. It is obvious that if both circuits 85 

35 or circuits. I have, however, discovered that are alike and offer the same resistance to the 
I may produce the same or a similar result passage of the current no rotary effect will be 
by an altp.l'llating current from a single origi- produced, for although the periods of the ciU'
nal source using between the generator and rents in both circuits will lag or be retarded 
motors but one line or transmission circuit. to a certain extent ,dth respect to an un- 90 

40 Broadly stated, this system or method in- l'etfirded CUl'rent from the main circuit, their 
volves a source of altel'llating or equivalent phases will coincide. If, however, the coils 
currents, a single transmission circuit, a mo- of one circuit have a greater number of con
tor having independent energizing circuits volutions around the cores, or a self induction 
connected with 01' adapted for connection coil be included in one of the circuits, the 95 

45 with the transmission circuit, means for ren- phases of the cnrrent in that circuit are 1'e
dering the magnetic effects due to the ener· tal'ded by the increased self induction. The 
gizing circuits of different phase, and an ar- degree of retardation may readily be secured 
mature within the influence of the energiz- by these means which will produce the dif-
ing circuits; the means fOl'accomplishing this ference in electrical phase between the two roo 

50 result being of such a nature as to retard the currents necessary for the practical operation 
current in one energizing circuit to a greater of the motor. If III lieu of increasing the 
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self induction of one circuit a dead resist
ance be inserted, the self induction of such 
circuit exerts a correspondingly diminished 
effect, and the phases of the current flowing 

5 in that branch are brought more nearly in 
unison with those of an un retarded current 
from the main line and the necessary differ
ence of phase between the currents in the two 
energizing circuits thus secured. I take ad-

10 vantage of these results in several ways. 
For example, I may insert variable resist
ances in both branches or energizing circuits 
and by varying one or the other so as to bring 
the phases of the two currents more or less in 

15 unison wit.h those of the unretarded current, 
I may thus vary the direction of the rotation 
of the motor. In lieu of resistances I may 
employ variable self induction coils, in both 
circuits. Or I may use a resistance in one 

20 and a self induction coil in the other and vary 
either or both. This system or means of op
erating the motors is rendered of great prac
tical value by employing an armature wound 
with energizing coils closed upon themselves, 

25 in which currents are induced by the alter
nating currents passing in the field coils that 
serve to greatly increase the mutual attract
ive effect between the armature and the field 
magnets. This use of the armature with 

30 closed coils I regard as an important feature 
of my invention. These several features of 
the invention I shall now describe more in de
tail by reference to the accompanying draw
ings. 

35 Figure 1 is a diagram of the system in 
which the motor coils or energizing circuits 
are in derivation to the main line with a dead 
resistance inserted in one circuit. Fig. 2 is 
a diagram showing dead resistances in both 

40 motor circuits. Fig. 3 is a diagram showing 
a 'self induction coil in one motor circuit. 
Fig. 4 is a diagram showing a 'dead resistance 
in one circuit and a self induction coil in the 
other. Fig. 5 in like manner shows a self in~ 

45 duction coil in each motor circuit. Fig. 6 is 
a diagram showing the two motor circuits of 
different electrical character. Fig. 7 is a dia
gram illustrating means for varying at will 
the electrical character of the motor circuits. 

50 Referring to Fig. 1, A designates a imitable 
. source of alternating currents and B B the 

line wires running therefrom. It will be un
derstood that the generator A may be a pri
mary or secondary generator, and the line B 

55 B may be the main transmission circuit or a 
local circuit from a transformer connected 
at any point in the line of a main or trans
mission circuit. For convenience in this 
case, it will be considered as a line from a 

60 given source of current to one or more motor~. 
The motor contains a given number of pole 
pieces wound with two sets of coils C and D. 
'rhe armature is wound with permanently 
closed energizing coils E in which cnrrents 

1)5 are developed by indnctive action when the 
motor is in operation which magnetize the 
armature core and gre8,tly increase the effi-

ciency of the motor. Assuming the two mo
tor circuits to have the same degree of self 
induction and resistance no rotary effect will 70 
be produced by the passage through them of 
an alternating CUl'rent from the source A. 
But if in one of the motor circuits, as D, a 
dead resistance represented by R be intro
duced, the self induction of that circuit or 75 
branch is reduced and the phases of current 
therein retarded to a correspondingly less 
exterit. The relative degrees of retardation 
of the phases of the current in the two motor 
circuits with respect to those of an unr~tarded 80 
current from the circuit B thus produced will 
set up a rotation of the motor which may be 
practically utilized for many purposes. 

If, as in Fig. 2, a dead resistance R, R' be 
introduced into each motor circuit, no rotary 85 
effect will be produced as long as the resist. 
ances are equal, but by varying the resist
ance ill one circuit the retal'dation of the cur
rent in that circuit will be varied, and corre
sponding effects produced. For example, a 90 
reduction of the resistance in one circuit im
parts to the motor rotation in one direction 
while a reduction of the resistance in the 
other circuit will produce a rotation in the 
opposite direction.- By means of the two 1'0- 95 
sistances, therefore, capable of variation or 
of being bodily withdrawn from or inserted 
in the circuits by any well known means, a 
perfect regnlation of the motors-is secured. 

In Fig. 3 the arrangement of all the parts teo 
is similar to that ShOWIl in Fig. 1 except that 
a self induction coil as S is introduced into 
one branch or energizing circuit of the motor. 
The effect of thus increasing the self induc
tion in one of the circuits is to retard the 10!! 

phases of the current passing therein to a 
greater extent than in the other circuit and 
in this way to secure the necessary difference 
in phase between the two energizing currents 
to produce the rotation of the motor. lIO 

In Fig.4 a self induction coil S is included 
in one of the motor circuits and a dead resist
ance R in the other. The increased self in
duction in one circuit thus produced acts to 
increase the difference of phase between the 1I5 
current in such motor circuit and the unre· 
tarded current in the main line B. On the 
other hand, the introduction of the dead re
sistance in the other motor circuit reduces the 
retardation and brings the phases of the cur- 120 

rent therein more closely in accord with those 
of the unretarded current, thus producing a 
correspondingly greater difference of phase 
between the two currents in the energizing 
circuits C and D. 125 

In Fig. 5, two self induction coils S, S' are 
shown, one in each motor or energizing cir
cuit. One of these coils as S' is much smaller 
than the other and has less self induction or 
counter electro motive force than the other, 130 

so that the phases of current will be retarded 
to a less extent than in the other. The two 
self induction coils may be of the same char
acter or size if it is desired to use -but one at 



a time{ol' the purpose of reversing the motor, 
. or ifth.be constructed in well known ways 

so that they may be varied. 
In Fig. 7 the usual means for varying the 

5 resistance or self·induction of the motor Cil" 
cuits at will are indicated by the lever M slid
ing over a f\eries of resistance plates, and by a 
core N which is adapted to be moved in and 
out of the induction coil S. 

10 Similar results may be secured by such a 
construction or organization of the motor as 
will yield the necessary differences of phase. 
For example, one set of energizing coils may 
be of finer wire than the other, or have a 

15 greater number of convolutions, or each cir
cuit may contain the same number of convo
lutions, but composed of different conductors, 
as, for instance, one of copper, the other of 
German silver. I have represented this in 

20 Fig. 6, in which the coils C are indicated by 
closer lines than coils D. 

There are other ways of varying the retarda
tion due to the self induction in the two ener
gizing circuits. For example, the motor coils 

25 may be all alike, but those of one energizing 
circuit connected in parallel while the others 
are connected in series, or the connection in 
each edilrgizing circuit may be alike, but the 

," corrent. directed through them may be of 
-.,ilUferent strength, as when one of the cur
"~""'ts is supplied from a source of higher elec

" tre-motive force. 
In the above description I have referred 

mainly to motors with two energizing circuits, 
35 but it is evident that the invention applies 

equally to those in which there are more than 
two of such circuits, the adaptation of the 
same being a matter well understood bytbose 
skilled in the art. 

40 In using in the claims the term active re-
sistance as applied to the motor circuits in 
this case, it will be understood that the term 
refers to the opposing or retarding force ex
isting in the circuits to the passage of the al-

45 ternating currents. Thus, the two circuits 
may have the same dead resistance, but dif
ferent degrees of self induction. 

What I claim as my invention is-
1. The combination with a source of alter-

50 nating currents, and a circuit from the same, 
of a motor ha ving independen t energizing cir
cuits connected with the said circuit, and 

means for rendering the magnetic effects due 

;) 
iJ 

to said energizing circuits of different phase 
and an armature within the influence of said 55 
energizing circuits. 

2. The combination with a sonrce of alter
nating currents and a circuit from the same, 
of a motor having independent energizing cir
cuits connected in derivation or multiple arc 60 
with the said circuit, the motor or energizing 
circuits being of different electrical character 
whereby the alternating currents therein will 
have a difference of phase, as set forth. 

3.-The combination with a source of alter- 65 
nating currents and a circuit from the same, 
of a motor ba ving independen t energizing cir
cuits connected in derivation or multiple arc 
with the said circuit and of different active 
resistance, as set forth. 70 

4. In an alternating current motor, the com
bination with field magnets, of independent 
energizing circuits, adapted to be connected 
in multiple arc with the conductors of the 
line or transmission circuit and a resistance 75 
or self induction coil in one Ol' both of the 
said motor circuits, as set forth. 

o. In an alternating current motor, the com
bination with the field lUagnets or cores of in
dependent energizing coils. adapted to be COll- 80 

nected in multiple arc withthe !ille or trans
mission circuit, and a variable "resistance or 
self induction coil included ill one ,or both of 
the motor circuits as set forth. 

6. In an alternating current motor, the com- 85 
bination with the field magnets or cores and 
independent energizing circuits of different 
active resistance and adapted to be connected 
with the line or transmission circuit, of an 
armature wound with closed energizing coils 90 
or conductors, as set forth. 

7. The combination of a generator of alter
nating currents, a pair of mains connected 
thereto, a multiple circuit differential phase, 
and an electric motor having one circuit con- 95 
nected directly to said mains, and the other 
circuit connected to said mains through an 
interposed electro-motive phase-changing de
vice adapted to change the time period of the 
currents passing through it. 

NIKOLA TEST.A. 
"Witnesses: 

FRANK E. HARTLEY, 
FRANK B. MURPHY. 
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1t is hereby cel'iiij,;d that ill LeU"r:.; Patent No. 511,5GO, gl'Clllted DnCl'llllll'l' :211, 1>'1.:, 

upon the alJPjicatioI1 of Nikola Te,~la. of New York, N. Y., fol' all imprOVt'"lolit ill 

"Systems of ElecU'i('al Power Tr;lllslll is,.;ioll," an eITOI' appear;; in the prink(] :,:pl'ei 11, ',I, 

tion requiring eorrection, as follows: III line 95" page a, the "'01'<1" t, and all ,. "llUuld 

be strick"" out; anti that. the sai(l L(~tters Patcnt "lIould he read with tlJi~ ('Ol'l'l'ctioll 

therein that Lhe :oam\' may conform to the rpcord of the ca,e iu tbc Patellt (Ji1ic t,'. 

Signed ant1 sealcI] this ~)th day ()f June, A. D .. H103. 

[SK\L.] F. 1. A LLE.'\, 
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To all who1Ju it may concern: pendent currents are both produced in the 
Be it known that I, NIKOLA TESLA, from magneto machine it will be observed that the 

Smiljan, ,Lika, border country of Austria- two line 01' transmitting circmits will of ne
·I-Iungary,asubjectof the Emperor of Austria- cessity extend the entire distance from the 

5 Hungary, residing at New York, in the county generator to the motor, but that by the method 5.1 
and State of New York, have invented a new herein provided, one line circuit may be dis
a.nd useful Method. of Electrical. Tr~nsmis- i pensed with as one cil'cui~ or that from ~he 
SlOn of l>ower, of which the followmg IS a de- generator may be brought m to the proper lll
sCl'iption, this application being a division of ductive relation to the other at any desired 

[0 an application filed by me on May 15, 1888, Se- point. 60 

rial No. 273,993, and for t.he method of oper- The following is illustrative of the manner 
ating motors contained in such application. in which I cany out this invention: I employ 

In former patents granted to me I have· as a motor, for example, a subdivided annu
shown and described a system for the elec-Ilar field magnet within which is mounted a 

15 trical tran,smissiOl.l of power charactel'izecl.by I suitable ~rmatl1re, .such a~ a cylinder or disk 65 
thefollowll1gparhculal's: The motor contall1s wound WIth two COlIs at l'Ight angles, each of 
independent energizing circuits and the gen-I which is clos.ed upon itself. 011 opposite sides 
erator has corresponding induced or current of the annular field magnet I wind two coils 
generating circuits which are connected by of insulated wire of a size adapted to carry the 

20 independent line circuits with those of the cnrrent from the generntol" Over these coils 70 
motor. The disposition of the g€l1erator coils or close to them i~ any of the well understood 
is such that the currents developed in the cir- ways I wind secondary coils. I also wind on 
cuits including them will have a certain dU- the annular field magnet mid way between the 
ference of phase, for example, that the maxi- first mentioned coils a pair of coils which I 

25 mum periods of the currents generated in one connect np in circuit with the seconc1ary coils. 75 
of its circuits coincide with the minimum pe- The last pair of coils I make of finer wire 
dods of the currents produced in the other than the main or line and secondary coils and 
circuit, and the corresponding energizing cir- with a gl'eatel' numbel' of convolntions that 
cuits of the motor are so arranged that the they may have a greater relative magnetizing 

30 two currents co-operate to effect a progress- anc1l'etarc1ing effect than either of the others. 30 

ive shifting oiLhe magnetic poles orthe points By connecting 11 p the main coils in circuit 
of maximum magnetic effect in the motor in with a generator of alternating CUlTents the 
consequence of which a rotation of its mov· armature of the motor will be rotated. It is 
able element is maintained. probable that this action is explainec1 by the 

35 My present invention involves this system following theory: A cmrellt impulse on the 85 
of electrical power transmission; its c1istin- line passing through the main coils estab
guishing characteristic being the mOlle or lishes the magnetic poles of the annular field 
method of generating' or producing the alter- magnets at points mid way bet ween said coils. 
nating cl1l'rents which rUIl or operate the But this impnlse produces ill the secondary 

40 motor, coils a current which, circulating through the 90 

This invention is carried ont in the fOllOW-I second pail' of energizing coils tends to estab
ing way: Instead of generating directly the lish the poles at points ninety degrees re
alternating currents in each of the circuits moved from their first position with the result 
which include the energizing coils of the mo- of producing a movement or shifting of the 

45 tor, as by means of the induced coils of a poles in obedience to the combinellmagnetiz- 95 
magneto electric machine, I generate or pro- jng effect of the two sets of coils. This shift
dnce an alternating current in but one of iug continued by each successive current im
such circuits directly and by means of such pulse establishes what may be termed a rotary 
current induce the proper cnrrent in the other effort and operates to maintain the armature 

50 energizing motor circuit. 'When the inde- in rotation. laC 
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In the drawings annexed I have shown in 
Figure 1 an alternating current generator con
nected with a motor, shown diagrammatically 
and constructed in accordance with my in-

S vention, and in Fig. 2 a diagram of a modified 
form of motor. 

A designates any ordinary form of alter
nating current generator and B B the line 
wires for connecting the same with the motor. 

10 C is the annular field magnet of the motor. 
D D are two main coils wound on opposite 

sides of the ring or annular field and con
nected up with the line, and having a tend
ency to magnetize the ring C with opposite 

I.'i poles mid way between the two coils. 
. E E are two other magnetizing coils wound 
midway between coils D D, but having a 
stronger magnetizing influence for It current 
of given strength than coils D D. 

20 F F are the secondary coils which are asso
ciated with the main coils D D. 'l'hey are in 
circuits which' include the coils E E respect· 
ively, the connections being made in such 
order that currents induced in coils F and 

25 circulating in coils E will act in opposition to 
those in coils D in so far only as the location 
of the magnetic poles in the ring 0 is con-
cerned. , 

The armature may be of any of the forms 
30 used by me in my alternating current system 

and is shown as wound with two closed coils 
GHat right angles to each other. 

In order to prolong the magnetizing effect 
of the induced currents in prod-ucing a shift-

35 ing of the poles, I have carried the principle 
of the construction exhibited in Fig. 1 farther, 
thereby obtaining a stronger and better rotary 
effect. 

Referring to Fig. 2, 0 is an annular field 
If 0 magnet having three pairs or oppositely lo

cated sets of polar projections K L:M. Upon 
one pair of these projections, as K, the main 
energizing coils D are wound. Over these 
are wound tile secondary coils E. On the 

45 next polar projections L L are wound the sec
ond energizing coils F which are in circuit 
with coils E. Tertiary induced coils E' are 
then wound over the coils F and on the re
maining polar projections :M the third ener-

50 gizing coils F' are wound and connected up 
in the circuit of the tertiary coils E'. The 
cylindrical or disk armature core N in this 
motor has polar projections wound with coils 
o forming closed circuits. :My object in con-

55 structing the motor in this way is to effect 
more perfectly It shifting of the points of 
maximum magnetic effect. For assnmingthe 

operation of the motor to be due to the action 
above set forth-the first effect of a current 
impulse in this motor will be to magnetize 60 
the pole pieces K K, but the current the.reby 
induced in coils E magnetizes the pole pIeces 
Land the current induced in turn in coils E' 
magnetizes the pole pieces M. The pole pieces 
are not magnetized, at least to their full ex- 65 
tent, simultaneously by this means, but there 
is enough of a retardation or delay to produce 
a rotary effect or influence upon the arma
ture. The application of this principle is n?t 
limited to the special forms of motor herem 70 

shown, as any of the double circuit alternat
ing current motors invented by me and de
scribed in former Letters Patent to me may 
be adapted to the same purpose. This method 
or mode of producing the currents in the in- 75 
dependent energizing circuits of the motor 
may be carried out in varions ways, and it is 
not material to the invention broadly con
sidered, what devices be employed in effect
ing the result., viz: the induction from or by the 80 
current from the generator or source, of the 
current or currents which co-operate there
with in producing the rotation of the motor. 

I would state that in using the word gen
erator, I mean either a primary generator, 85 
such as a magneto machine, or a secondary 
generator, such as an electrical converter, 
and in claiming protection for inducing the 
current in one set of energizing coils by the 
current which circulates in another, I would 90 

be understood as including the induction of 
the secondary current from the current from 
the same source as that which traverses the 
motor coils whether it be flowing in the same 
branch or part of the circuit or not. 9S 

What I claim is-
1. The method of operating electro-mag

netic motors having independent energizing 
circuits, as herein described, which consists 
in passing an alternating current th rough one [CO 

of the energizing circuits and inducing by 
such current the current in the other ener
gizing circuit of the motor, as set forth. 

2. The method of operating electro-mag
netic motors having independent energizing 105 
circuits as herein described, which consists in 
developing an alternating current in one of 
said energizing circuits and inducing there-
by currents in the other energizingcircnit or 
circuits, as herein set forth. 

. NIKOLA TESLA. 
Witnesses: 

GEO. N. :MONRO, 
EDWARD T. EVANS. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y. 

ELECTRIC GENERATOR. 

SPECIFICATION forming part of Letters Patent No. 511,916, dated January 2, 1894. 

Applioation !ilec1 August 19,1893. Serial No. 483,562. eNo moc1eU 

1'0 c~ll Wh07Y& it 7JUC~y concern: to, the ports al'e soarranged that the movement 
Be it known that I, 1'1IKOLA TESLA, a eitizen of the pistoll within the cyli nc1er in either cH-

of the United States, residing at New York, in rection eeases when the force tending to impel 55 
the county and State of N"ew York, have in- it and the momentum which it has acquirell 

5 vented certain new and useful Improvements are counterbalanced by the increasing press-
in Electric Generators, of w l1ich the follow- ure of the steam 01' compressed ail' in that end 
ing is a specification, referenee being had to of the cylinder toward which it is moving, and 
the drawings accompanying and forming a as in its movement the piston has shut off at 60 
part of the same. agi ven point, the pressure that im pelled itand 

[0 In an application of even date herewith, established the pressme that tends to return it, 
Serial N 0.4S3,5G3, I ha ve shown and described it is then impelled in the opposite direction, 
a form of engine invented by me, which, un- and this action is continued as long as the 
del' the infiuenc"e of an applied force such as reqnisite pressure is applied. The length of 65 
the elastic tension of steam or a gas under the stroke will vary with the pressure, but 

15 pressure, yields an oscillation of constant the rate or period of reciprocation is no more 
period. " dependent upon the pressure applied to drive 

In order thai my present invention may be the piston, than would be the oeriod of oscil
more readily understood I will explain the lation of a pendulum permanen-tly maintained 70 
conditions which are to be observed in order in vibration, upon the force which periodically 

20 to secure this result. impels it, the effeet of variations in snch force 
It is a well known mechanical principle being merely to produce corresponding varia

that if a spring possessing a sensible inertia tions in the length of stroke or amplitude of 
be brought under tension, as by being vibration respectively. 75 
stretched, a11l1 then freed, it will perform vi- In practice I have fonnd that the best re-

25 brations which are isochronous, and as to snIts are secmed by the employment of an 
period, in the main, dependent upon the ri- ail' spring, that if', a body of confined air or 
gic1ityof the spring, and itsown inertia or that gas whieh is compressecl and rarefiecl by the 
of the system of which it mayform an imme- movements of the piston, and in order to se- 80 
diate part. This is known to be true in all cure a spring of constant rigidity I prefer to 

30 cases where the force which tends to bring the ellJploy a separate chamber or cylineler con
spring or movable system into a given position taining air at the normal atmospheric press
is proportionate to the displacement. ure, although it might be at any other p1'ess-

In the construction of my engine above 1'e- nre, anc1 in which works a plunger connected 85 
fen'ed to I have followed and appliec1 this with or carried by the piston rod. The main 

35 principle, that is to say, I employ a cylinder reason why no engine heretofore has been 
and a piston which in any suitable manner I capable of producing results of this nature is 
maintain in reciprocation by steam or gas that it has been customary to connect with 
under pressure. -To the moving piston or to the reciprocating parts a heavy fly-wheel or 90 
the cylinder, in case the latter reciprocate some equivalent rotary system of relatively 

40 and the piston remain stationary, a spring is very great inertia, or in other cases where 110 
connected so as to be maintained in vibration rotary system was em ployed, as in certain re
thereby, and whatever may be the inertia of cipl'ocating engines or tools, no regard has 
the piston or of the moving system and the been paid to tIle obtainment of the conditions 95 
ri<ridityof the spring relati vely to eacll other, essential to the end which" I have in view, 

45 pl~vided, the practical limits within which nor would the pressure of such conditions in 
the law holds tr~le that the force.s which ~~nc1 I said devices appeal' to result in any special 
to bring the mOYlllg system to a gIven posltlOn ad vantage. 
are proportionate to the c1isplacement, are not Such an engine as I have clescribeu affords IOO 

exceeded, the impulses of the power impellell a means for accomplishing a result heretofore 
50 piston and the natural vibrations of the spring unattained, the contin neel production of elec

will always correspond in direction and coin- tric currents of constant period, by irnpal't
eic1e in time. In the case of the engine referred ing the movements of the piston to a core or 
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coil in a magnetic field. It should be stated 
however, that in applying the engine for this 
purpose certain conditions are encountered 
which should be taken into consideration in 

5 order to satisfactorily secure the desired re
sult. When a conductor is moved in a mag
netic field and a current caused to circulate 
therein, the electro-magnetic reaction between 
it and the field, might disturb the mechanical 

10 oscillation to such an extent as to throw it.· 
out of isochronism. This, forinstan'ce, might 
occur when the electro-magnetic reaction is 
very great in comparison tothepowerof the en
gine, and there isa retardation of the current 

IS so that the electro-magnetic reaction might 
have an effect similar to that which would re
sult from a variation of the tension of the 

. spring, but if the circuit of the generator be 
so adjusted that the phases of the electromo-

20 tive force and current coincide in time, that 
is to say, when the current is not retarded, 
then the generator driven by the engine acts 
merely as a frictional resistance and will not, 
as a rule, alter the period of the mechanical 

:25 vibration, although it may vary its amplitude. 
This condition may be readily secured by 
properly proportioning the self induction and 
capacity of the circuit including the genera
tor. I have, however, observed the further 

30 fact in connection with the use of such en
gines as a means for running a generator, 
that it is advantageous that the period of the 
engine and the natural period of electrical 
vibration of the generator should be the same, 

35 as in such caseihe bestconditionsfor electri
cal resonance are established and the possi
bility of disturbing the period of mechanical 
vibrations is reduced to a minimum. I have 
found that eveil if the theoretical conditions 

40 necessary for main tain ing a constan t period in 
the engine itself are not exactly maintained, 
still the engine and generator combined will 
vibrate at a constant period. For example, if 
instead of using in the engine an independent 

4.1 cylinder and plunger,asan airspringof prac
tically constant rigidity, I cause the piston to 
impinge upon air cushions at the ends of its 
own cylinder, although the rigidity of such 
cushions or springs might be considerably af-

50 fected and varied by the variations of pressure 
within the cylinder, still by combining with 
such an engine a generator which has a period 
of its own approximately that of the engine, 
constant vibration may be maintained e,'en 

55 through a considerable range of varying press
ure, owing to the controlling action of the 
electro-magnetic system. I have even found 
that under certain conditions the influence 
of the electro-magnetic system may be made 

lio so great as to entirely control the period of 
the mechanical vibration within wide limits 
of varying pressure. This is likely to occur 
in those instances where the power of the en
gine while fully capable of maintaining a 

65 vibration once started, is not sufficient to 
change its rate. So, for the sake of illustra
tion, if a pendulum is started in vibration, 

and a small force applied periodi'cally in the 
proper direction to maintain it in motion, this 
force would have no substantial control over 70 
the period of the oscillation, unless the in
ertia of the pendulum be small in comparison 
to the impelling force, and this would be true 
no matter through what fraction G\f the period 
the force may be applied., In the case under 75 
consideration the engine is merely an agent 
for maintaining the vibration once started, 
although it will be understood that this does 
not preclude the performance of useful work 
which would simply result in a shortening of 80 
the stroke. My invention, therefore, involves 
the combination of a piston free to recipro
cate under the influence of steam or a gas 
under pressure and the movable element of· 
an electric generator which is in direct me- 85 
chanical connection with the piston, and it 
is more especially the. object of myinvention 
to secnre from such combination electric cur
rents of a constant period. In tl;le attainment 
of this object I have found it preferable to 90 
construct the engine so that it of itself con
trols the period, but as I have stated before~ 
I may so modify the elements of the combi
nation that the electro-magnetic system may 
exert a partial 01' even complete control of 95 
the period.. , 

In illustration of the manner in which the 
invention is carried out I now refer to the 
accompanying drawings. 

Figure 1 is a central sectional view of an reo 
engine and generator embodying the inven
tion. Fig. 2 is a modification of the same. 

Refer!'ing to Fig. 1 A is the main cylinder 
in which works a piston B. Inlet ports C C 
pass through the sides of the cylinder open- 105 

ing at the middle portion thereof and on oppo-
site sideS. Exhaust ports D D ext~d through 
the walls of the cylinder and are formed 
with branches that open into the interiol'of 
the cylinder on each side of the inlet ports I [0 

and on opposite sides of the cylin(ler. The 
piston B is formed with two circumferential 
grooves E F which communicate through 
openings G in the piston with the cylinder on 
opposite sides of said piston respectively. 1I5 

The particular construction of the cylinder, 
the piston and the ports controlling it may 
be very much varied, and is-not in itself mac 
terial, except that in the special case now un-
der consideration it is desirable that all the 120 

ports, and more especially the exhaust ports 
should be made very much larger than is usu-
ally the case so that no force due to the ac
tion of the steam or compressed air will tend 
to retard or affect the return of the piston in 125 
either direction. The piston B is secured to 
a piston rod II which works in suitable stuff-
ing boxes in the heads of the cylinder A. 
'!'his rod is prolonged on one side and extends 
through bearings V in a cylinder I suitably 13:1 

mounted or supported in line with the first, 
and within which is a disk or plunger J car
ried by the rod H. The cylinder I is without 
ports of any kind and is air-tight except as a 
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small leakage may occur through the bear- or period of reciprocation of the piston, how
ings V, which experience has shown need ever, is main ly determined as described above 
not be fitted with any very considerable ac- by the rigic1ity of the air spring and the in- 70 
curacy. The cylinder I is surrounded by a ertia of the moving system, and any: period 

5 jacket K which leaves an open space 01' cham- of oscillation within very wide limits may be 
bel' around it. The bearings V in the cylin- secured by properly portioning these factors, 
del' I, extend through the jacket Ie to the out- as by varying the dimensions of the air cham
side air and the chamber between the cylin- bel' which is equivalent to varying the rig- 75 
del' and jacket iR made steam or air-tight as iclity of the spring, 01' by adjusting the weight 

10 by a suitable packing. The main supply pipe of the moving parts. These conditions are 
L for steam or compressed air leads into this all readily determinable, and an engine con
chamber, and the two pipes that lead to the structed as herein describeLlmay be made to 
cylinder A run from the said chamber, oil follow the principle of operation above stated 80 
cups:M being conveniently arranged to de- and maintain a perfectly uniform period 

15 liver oil into the said pipes for lubricating' through very wide limits of pressure. 
the piston. In the particular form of engine The pressure of the air confined in the cyl
shown, the jacket K which contains the cylin- inder when the plunger I is in its central po
del' I is provided with a flange N by which it sition will always be practically that of the 85 
is screwed to the end of the cylinder A. A surrounding atmosphere, for while the cylin-

20 small chamber 0 is thus formed which has air del' is so constrncted as ,not to pE'l'mit such 
vents P in its sides and drip pipes Q leading SUdden escape of ail' as to sensibly impair or 
out from it through which the oil which col- modify the action of the air spring there will 
lects in it is carded off. still be a slow leakage of air into or out of it 90 

To explain now the operation of the engine around the piston rod ~~ccording to the press-
25 described, in the position of the parts shown, ure therein, so that the pressure of the ail' on 

or when the piston is at the middle point of opposite sides of the plunger will always tend 
its stroke, the plunger J is at the center of to remain at that of the outside atmosphere. 
the cylinder I and the air on both sides of the To the piston rod II is secured a conductor 95 
same is at the normal pressure of the outside or coil of wire D' which by the movements of 

::~ atmosphere. If a source of steam or com- the piston is oscillated in the magnetic field 
pressed air be then connected to the inlet produced by two magnets D' D' which may 
ports 0 0 of the cylinder A and a movement be permanent magnets or energized by coils 
be imparted to the piston as by a sudden blow, I 0' 0' connected with a source of continuous 100 

the latter is caused to reciprocate in a man- currents E'. The movement of the coil D' 
35 ner well understood. The movements of the across the lines of force established by the 

piston compress and rarefy the air in the cyl- magnets gi\7 es rise to alternating currents in 
inder I at opposite ends of the same alter- the coil. These currents, if the period of 
nately. A forward stroke compresses the air mechanical oscillation be constant will be of 105 

ahead of the plunger J which acts as a spring constant period, and may be utilized for any 
40 to return it. Similarly on the back strake the purpose desired. 

ail' is compressed on the opposite side of the In the case under consideration it is as
plunger J and tends to drive it forward. The sumed as a necessary condition that the in
compressions of the air in the cylinder I and ertia of the movable element of the genera- I 10 

the consequent loss of energy due mainly to tor and the electro-magnetic rea,ction which 
45 the imperfect elasticity of the air, gi ve rise to it exerts will not be of such character as to 

a very considerable amount of heat. This materially distnrb the action of the engine. 
heat I utilize by conducting the steam or com- Fig. 2 is an example of a combination in 
pressed air to the engine cylinder through the which the engine is not of itself capable of lIS 
chamber formed by the jacket surrounding determining entirely the period of oscillation, ,0 the air-spring cylinder. The heat thus taken but in which the generator contributes to this 
up and used to raise the temperature of the end. In this figure the engine is the same as 
steam or air acting npon the piston is availed in Fig. 1. The exterior air spring is however 
of to increase the efficiency of the engine. In omitted and the air spaces at the ends of the 120 

any given engine of this kind the normal cylinder A relied on for accomplishing the 
S5 pressure will produce a stroke of determined same purpose. As the pressure in these 

length, and this will be increased or dimin- spaces is liable to variations from variationR 
ishec1 according to the increase of pressure in the steam or gas used in impelling the pis
above or the reduction of pressure below the ton they might affect the period of oscillation, 125 
normal. and the conditions are not as stable and cer-

60 In constructing the apparat us proper allow- tain as in the case of an engine constructed 
anee is made for a variation in the length of as in Fig. 1. But if the natural period of vi
stroke by giving to the confining cylinder I bration of the elastic system be made to ap-
of the air spring properly determined dimen- proximately accord with the average period 130 

sions. The greater the pressure upon the of the engine such tendencies to variation 
65 piston, the higher the degree of compression are very largely overcome and the engine will 

of the air-spring, and the consequent COUll- preserve its period even through a con sid
teracting force upon the plunger. '1'he rate emble range of variations of pressure. The 
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generator in this case is composed of a mag
netic casing F' in which a laminated core G' 
secured to the piston rod H is caused to vi
brate. Surrounding the plunger are two ex-

5 citing coils 0' 0', and one or more induced 
coils D' D'. The coils 0' 0' are connected 
with a generator of continuous currents E' 
and are wound to produce consequent Poles 
in the core G'. Any movement of the latter 

10 will therefore shift the lines of force through 
coils D' D' and produce currents therein. 

In the circuit of coils D' is shown a con
denser H'. It need only be said that by the 
use of a proper condenser the self induction 

IS of this circuit may be neutralized. Such a 
circuit will have a certain natural period of 
vibration, that is to say that when the elec
tricity therein is disturbed in any wayan 
electrical or electro-magnetic vibration of a 

20 certain period takes place, and as this de
pends upon the capacity and self induction, 
such period may be varied to approximately 
accord with the period of the engine. 

In case the power of the engine be COIll-
25 paratively small, as when the pressure is ap

plied through a very small fraction of the 
total stroke, the electrical vibration will tend 
to control the period, and it is clear that if 
the character of such vibration be not very 

30 widely different from the average period of 
vibration of the engine under ordinary work
ing conditions such control may be entire
ly adequate to produce the desired results. 

Having now described my invention, what 
35 I claim is-

1. The combination with the piston orequiv
alent element of an engine which is free to 
reciprocate under the action thereon of steam 
or a gas under pressure, of the moving con-

40 ductor or element of an electric generator in 
direct mechanical connection therewith. 

2. The combination with the piston orequiv
alent element of an engine which is free to 
reciprocate under the action of steam or a gas 

under pressure, of the moving conductor or 45 
element of an electric generator in direct me
chanical connection therewith, the engine and 
generator being adapted by their relative ad
justment with respect to period to produce , 
currents of constant period, as set forth. 50 

3. The combination with an euginecompris
ing a piston which is free to reciprocate un
der the action of steam or a ~as under press
ure, and an electric generator having induc
ing and induced elements one of which is ca- 55 
pable of oscillation in the field of force, the 
said movable element being carried by the 
piston rod of the engine, as set forth. 

4. The combination with an engine oper
ated by steam or a gas under pressure and ha v- 60 
ing a constant period of reciprocation, of an 
electric generator, the moving element of 
which is carried by the reciprocating part of 
the engine, the generator and its circuit be
ing so related to the engine with respect to 65 
the period of electrical vibration as not to 
disturb the period of the engine, as set fort.h. 

5. The combination with a cylinder and a 
piston reciprocated by steam· or a gas under 
pressure of a spring maintained in vibration 70 
by the movement of the piston, and an elec
tric generator, the movable conductor. or ele
ment of which is connected with the piston, 
these elements being constructed and adapt-
ed in the manner set forth for producing a 75 
current of constant period. 

6. The method of producing electric cur
rents of constant period herein described 
which consists in imparting the oscillations 
of an engine to the moving element of an elec- Be 
tric generator and regulating the period of 
mechanical oscillation by an adjustment of 
the reaction of the electric generator, as here-
in set forth. 

NIKOLA TESLA. 
Witnesses: 

PARKER W. PAGE, 
R. F. GAYLORD. 
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UNITED STATES .PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y. 

COIL FOR ELECTRO-MAGNETS. 

SPECIFICATION 'forming part of Letters Patent No. 512,340, dated January 9, 1894. 
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To all whom it may concern: 
Beit known that I, NIKOLA TESLA, a'citizen 

of the United States, residing at New York, 
in the county aud State of New York, have in-

S vented certain new and usefuIImprovements 
in Ooils for Electro-Magnets and other Appa
ratus, of which the following is a specification, 
reference being had to the drawings accompa
nying and forming a part of the same. 

10 In electric apparatus or systems in which 
alternating currents are employed the self
induction of the coils or conductors may, and, 
in fact, in many case'3 does operate disad van
tageonsly by giving rise to false currents 

IS which often reduce what is known as the com
mercial efficiency of the apparatus composing 
the system or operate detrimentallY in other 
respects. The effects of self-induction, above 
referred to, are known to be neutralized by 

20 proportioning to a proper degree the capacity 
of the circuit with relation to the self-induc
tion and frequency of the currents. This has 
been accomplished heretofore by the use of 
condensers constructed and applied as sepa-

25 rate instruments. 
My present invention has for its object to 

avoid the employment of condensets which 
are expensive, cumbersome and difficult to 
maintain in perfect condition, and to so con-

30 strnct the coils themselves as to accomplish 
the same ultimate object. 

I would here state that by the' tel'lri coils I 
desire to include generally helice8, solenoids, 
or, in fact, any conductor, the different parts 

35 of which by the requirements of its applica
tion or use are brought into such relations 
with each other, as to materially increase the 
self-induction. 

1 have found that in every coil there exists 
40 a certain relation between its self-induction 

and capacity that permits a current of given 
frequency and potential to pass through it 
with no other opposition than that of ohmic 
resistance, or, in other words, as though it pos-

45 sessed no self-induction. 'rhis is due to the 
mutual relations existing between the special 
character of the current and the self-induc
tion and capacity of the coil, the latter quan
tity being just capable of neutralizing the 

50 s~lf-indbction for that frequency. It is well
known that the higher the frequency or po
tential <lliference of the current the smaller 

the capacity required to counteract the self
ind uction; hence, in any coil, however small 
the capacity, it may be sufficient for the pur- 55 
pose stated if the proper conditions in other 
respects be secured. In the ordinary coils th e 
difference of potential between adjacent turns 
.or spires is very small, so that while they are 
in a sense condensers, they possess but very 60 
small capacity and the relations between the 
two quantities, self-induction and capacity, 
are not snch as under any ordinary condi
tions satisfy the requirements herein contem
plated, because the capacity relatively to the 65 
self-induction is very small. 

In order to attain my object and to properly 
increase the capacity of any given coil, I wind 
it in such way as to secure a greater differ
ence of potential between its adjacent ttlrns 70 

or convolutions, and since the energy stored 
in the coil-considering the'latter as a con
denser, is proportionate to the square of the 
potential difference between its adjacent COIl
Yolutions, it is evident that I mayin this wav7 5 
secure by a proper disposition of these con
volutions a greatly increased capacity for a 
given increase in potential difference'between 
the turns. 

I have illustrated diagrammatically in the 80 
accompanying drawings the general nature 
of the plan which I adopt for carrying out 
this invention. 

Figure 1 is a diagram of a coil wound in 
the ordinary manner. Fig. 2 is a diagram of 8S 
a winding designed to secure the objects of 
my invention. 

J~et A, Fig. 1, designate any given coil the 
spires or convolutions of which are wound 
upon and insulated from each other. J.et it go 
be assumed that the terminals of this coil 
show a potential difference of one hundred 
volts, and that there are one thousand con
volutions; then; considering any tW() contigu-
ous points on adjacent convolutions let it be 95 
assumed that there will exist b{'twec-n them a 
pptential difference of one-tenth of a volt. If 
now, as shown in Fig. 2, a conductor B be 
wound paTaIlel with the conductor A and in
sulated from it,and the endof A be connected 100 

with the stal'ting point of B, the aggregate 
length of the two condnctors being snch that 
the assumed number of convolutions or turns 
is the same, vi~., one thousand, then the po· 
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tentia.l difference between any two adjace~t which I obtain eveI). if an incident to such 30 
points in A .and B will be fifty Yolts, and as f01'ms of' winding have not been appreciated 
the capacity effect is proportionate to the or taken advantage of. 
sqnare of this difference, the energy stored In carrying outmy invention it is to be ob-

S in the ~oil asa whole will n<)w be two hun- served that certain._ facts are well under
,drad and fifty thousand' as' great.' Follow- stood by those skilled in the a.rt, viz: the re- 3S 
ing out this principle, I may wiQ,d anY,given lations of capacity, self-induction, and the 
coU either in whole or in part, not only in frequency and poten tial difference of the cur
the specific manuel' herein' illustrated, but rent. What capacity, therefore, in any given 

10 iIi a great variety of ways, well~known in the case it is desirable to obtain and what special 
art, so as to secure between adjacent convo- winding will secure it, are readily detei'min- 40 
hitions such potential difference as will give able from the other factors which are known. 
the proper capacity to neutralize the self-in- 'Yhat I claim as my invention is-
duction for any given current that may be 1. A coil for electric apparatus the i~dja-

[5 employed. Capacity secured. in.this par~icu- ent convolutions of which form parts of the 
Jar way possesses an additional advantage in circuit between which there exists a potential 45 
that it is evenly distributed, a consideration difference sufficient to secnre in the coil a ca-
of the greatest importance in many cases, a.nd pacity capable of neutralizing its self-iuduc
the results, both as tnefficiency and economy, tion, as hereinbefore described. 

20 are the more readily and easily obtained as 2. A coil composed of contiguous or adja-
the size of the coils, the potential difference, I cent insulated conductors electrically' con: So 
or frequency of the currents are increased. 1 ne.cted in series and having a potential dif- . 

Coils composed of independent strands or ference of such value as to give to the coil as 
conductors wound side byside an~l connected a whole, a capacity sufficient to neutralize its 

25 in series' are not ill themselves new, and I do self-induction, as set forth. 
not regard a more detailed description of the NIKOIJA 'l'ESLA. 
same as necessary, Bnt heretofore, so far as I Witnesses: 
I am aware, the objects in view have been es- ROB'l'. F. GAYLORD, 
senti ally different from mine,and the results PARKER 'tV. PAGE. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y. 

ELECTRICAL CONDUCTOR. 

SPECIFICATION forming part of Letters Patent No. 514,167, dated Febr:lary 6,1894. 

Application filed January 2, 1892. SeriaHTo.416,773. (Nomo~el.l 

To all wh07n it 7/1.ay concern: passage between such points of induced cur-
Be it known that I, NIKOLA TEsLA, a citizen rents. I, therefore, divide up the sheath or 

of the United States, residing at New York, screen into short lengths, very much shorter 
in the county and State of New York, have in- than the wave lengths of the current used, so 

5 vented certain new and useful Improvements that the grounding of anyone of such lengths 55 
in Une Conductors for Systems of Electrical or the approach thereto of a large body willl'e· 
Distribution, of which the following is a speci- suIt in an inappreciable loss, orut most a small 
fication, reference being had to the drawings I local drainingoftheenergy,whilethetendency 
accompanying and forming a part of the same. of currents to flow between different points 

(0 In any system of electrical transmission or I in the sheath is effectually overcome. The 60 

distribution in which currents of excessively I function of the sheath as a static screen for 
high potential are employed, and more par- preventing the dissipation of the electric en
ticularly, when the frequency is high, there is ergy, however, requires for its complete ef-
a dissipation of energy from the conductor or fectiveness an uninterl'Upted conductingpar~ 

IS conductors of the line, due to the electrifica- tition or screen around the conductor. I at- 65 
tion of the atmosphere or other surrounding tain this respect in the case of a sectional 
medium, or other causes. screen, by causing the ends of the insulated 

Heretofore it has been usual, in order to divisions or sections of the same to overlap, 
prevent 10sR by dissipation or interference by interposing a suitable insulating material be-

20 induction on line conductors, to insulate the tween the overlapping portions. By means 70 

same and inclose them in a continuous con- of a conductor or conductors thus protected, 
ducting sheathing or cover which has been I may transmit with slight loss and to great 
connected with the ground by a good con· distances currents of very high potential and 
ducting path. extremely high frequency. 

25 The object of my invention is to prevent The invention is illustrated in the accom- 75 
loss online conductors in a system of electri- panying drawings in which-
cal transmission and distribution, more par- Figure 1 illustrates portions of the conduc
ticularly such as that described by me in pat- tor with the earth connections above de
eut of June 23, 1891, No. 454,622, but in any scribed. Fig. 2 is a sectional view of a por-

30 other system in which alternating or, gener- tion of the condnctor on an enlarged scale. 80 
aUy speaking, varying cnrrents of excessively A is the central wire or conductor that ca1'-
high potential are employed. ries the current. 

I have found that in these systems the use B is an insnlating coating. 
of a conducting sheath or screen around the C is a conducting sheathing or screen, which 

35 line conductors and well grounded, or even may be externally insulated, if so desired. 85 
brought into proximity to external ccmduc- This sheathing is divided up, as shown, into 
tors or large bodies, is attended by an actual short lengths or sections, and the end of one 
and generally a serious -loss of energy. I section overlaps or telescopes with the end of 
therefore maintain the sheath either entirely the adjacent sections but is insulated there-

40 isolated or connected directly or inductively from by the material D. 90 

to the'ground, through a path which will prac- It is well known that a static screen, to be 
tically prevent the passage of currents over entirely effective as such, shonld have a 
it. I have also found that when a continu- ground connection, but it has been usual in 
ous insulated sheath or screen is employed, snch cases to provide a good electrical con-

45 there is greater liability to loss of energy by nection from the screen to earth. When a 95 
inductive action, for unless the sheath or current of excessively high potential, how
screen be considerably shorter than the cur- ever, is used, or when the frequency of the 
rent waves passing in the conductor, electro- current is very high, such a connection isim
motive forces will be set up between different practicable on account of the loss which fol-

50 points in the sheath, which will result in the lows. In such cases, therefore, I obtain the 100 
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beneficial results of an earth connection while 
preventing the generally serious loss that 
would occur in the use of such cnrrents, by 
providing between the sheath and the ground 

S a path P of very high ohmic resistance or one 
containing a self·induction coil S properly de
termined with respect to the existing condi
tions so that it will effect the described re
suU, or a condenser of very small capacity as 

10 shown at R. In such cases the sheathing or 
screen for pl'actical purposes may be regard
ed as isolated from the ground, since by the 
character of the connection employed no ap
preciable loss results from the passage of cur-

lS rent from the sheath to the ground. 
No particular plan of construction need be 

followed in making up this conductor, and no 
special materials of the several kinds named 
need be used; the general constrnction and 

20 character of the conductor, apart from the 
particular features hcrein descri bed, being en
tirely well understood by those skilled in the I 
art. 

What I claim is-
1. A conductor for electric circuits, com- 2 

posed of a wire for carrying the current, an 
insulated coating or covering and a surround
ing conducting sheath or screen divided into 
insulated sections, as set forth. 

2. A conductor for electric circuits, com- 3 
posed of It wire for carrying the current, a 
coating or covering of insulating materialand 
a surrounding conducting sheath or screen 
divided into insulated sections, the ends of 
which overlap, as set forth. 3 

3. The combination of a wire or conductor 
for conveying electric currents, an insulated 
coating or covering therefor, a conducting 
sheath or screen surrounding the insulating 
coating and a connection between said sheath- 4' 
ing and the ground containing a condenser 
of very small capacity or its equivalent. 

NIKOLA TESLA. 
Witnesses: 

ERNEST HOPKINSON, 
PARKER. vV. PAGE. 
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UNITED S1'ATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y. 

MEANS FOR GENERATING ELECTRIC CURRENTS. 

SPEOIFICATION forming part of Letters Patent No. 514,168, dated February 6, 1894. 

Application filed August 2, 1893. Serial No. 482,194. eNo model.) 

To all wh07n it Inay concern: I take advantage of the presence of such 
Be it known that I, NIKOLA TESLA, a citizen mechanism to accomplish a further and bene-

of the United States, residing at New York, ficial result which is the maintenance of a 55 
in the county and State of New York, have in- flow or circulation of the insnlating liquid in 

5 vented certain new and useful Improvements which I immerse the con verter coils used for 
in Means for Generating Electric Currents, of raising the potential of the current, and also 
which the following is a specification, refer- the condenser plates when sl1ch are required 
ence being had to the drawings accompanying and used. By this means the insulating 60 
and forming a part of the same. liquid surrounding the said coils and plates 

10 The invention, subject of my present ap- may be prevented from heating, either by its 
plication, is an improvement applicable more circulation alone or by the application to it 
especially to the method or system of gener- while in motion of a cooling medium, and its 
ating and utilizing electrical energy, hereto- requisite qualities preserved for an indefinite 65 
fore discovered by me, and more fully set time. 

IS forth in Letters Patent No. 454,622, of June Broadly considered the plan contemplated 
23,1891, and No. 462,418, of N ovem bel' 3, 1891, is entirely independent of the special means 
and which involves the maintenance of an in- for carrying it into execution, but in illustra
termittent or oscillatory discharge of a con- tion of the preferred manner in which the in- 70 
denser or circuit of suitable capacity into a vention is or may be carded out, I now refer 

20 working circuit containing translating de- to the drawings which are hereto annexed. 
vices. In systems of this character when tb e Figu re 1 is a diagram of the system and de
high frequency of the currents employed is I vices employed by me. Fig. 2 is a sectional 
due to the action of a disruptive or intermit- view of a detail of mechanism_ 15 
tent discharge across an ail' gap or break at G represents an electric generator, as for 

25 some point of the circuit, I have found it to instance, an ordinary alternator, in the cir-
be of advantage not only to break up or de- cllit of which is the primary P of a trans
stroy the least tendency to continuity of the former, of which S represents the secondary, 
arc or llischarge, but also to control the period which is usually of much longer and finer 80 
of the re-establishment of the same, and from wire than the primary. To the secondary cir-

30 investigations made by me with this object cuit, if it have not of itself sufficient capac
in view I have found that greatly' improved ity for the purpose herein contemplated, are 
results are secured by causing the discharge connected the plates of a condenser C, and at 
to take place in and through an insulating any point in said circuit is a break or gap at 85 
liquid, such as oil, and instead of allowing which occurs the disruptive discharge. In a 

35 the terminal points of the break to remain at I portion of the secondary circuit, preferably 
a uniform distance from each other, to vary in series with the condenser, as shown in the 
such distance by bringing them periodically drawings, is a primary coil P' with which is 
in actual contact or sufficiently near to estab- associated a secondary S', which latter con- 90 
lish the discharge and then separating them, stitutes the ultimate source of currents for a 

40 or what is the equivalent of this, throwing in working circuit D in which or with which are 
and out of the gap or break a conducting connected translating devices E. Under the 
bridge at predetermined intervals. To ob- conditions assumed it will be understood that 
thin the best results, moreover, I find it es- by the oscillation or change caused by the ac- 95 
sential to maintain at the point of discharge tion of the discharge, the condenser is charged 

45 a flow of the insulating medium, or, in gen- and discharged setting up in the primary P' 
eral, such a circulation of the same as will an electrical distmbance of enormous fre
constantly operate to cut off or break up the quency, as has been explained in my patent 
discharge as fast as it is established. The referred to, and as is now well understood. 100 

accomplishment of this latter result involves Instead of employing two terminals at a fixed 
50 the employment of some mechanism for main- distance, however, for the gap across which 

taining the flow or circulation of the insulat- the discharge takes place, I vary the distance 
ing medium past the points of discharge, anel betw0en them, 01' what is practically the same 
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thing, I interpose between said terminals a 
conductor or a series of conductors snccess
ively by means of which the efIective dis
tance or length of the path of discharge is or 

5 may be varied at will. This I accomplish in 
the following man,ner: 

A is a pipe or tube that leads into a tank 
B. To the end of thi~ tube is secured an ex
tension F of insulating material and the two 

10 terminals G' G' are caused to project through 
the sides of the same, as indicated in Fig. 2. 
Within the extension I secure two cross-bars 
H which afford bearings for the spindle of a 
small met,allic turbine I, the blades of which, 

IS as the turbine revolves, bridge the space be
tween the two terminals, nearly or quite 
touching the terminals in their movement. 
If now the tank B be filled with oil and the 
latter is drawn off or permitted to flow off 

20 through the tube A, the turbine will be ro
tated by the flow, the rate of rotation being 
dependent upon the rate of flow. By this 
means the arc or discharge is periodically es~ 
tablished through a flow of oil, which secures 

25 in the most satisfactory manner the condi
tions best adapted for practical results. 

rJ'hefurtherobjects of the invention arese
cured by placing the transformer P' S' in the 
body of oil in the tank B, and the condenser 

30 in a closed receptacle L. Then in order to 
. maintain a circulation of the oil and to pro
vide for the requisite flow which rotates the 
turbine, I connect the tank B with the con
denser box L by means of the pipe A. I also 

35 run a pipe M from the box L to a small ro
tary pump N, and another pipe 0 from the 
latter back to the tank B. 

When necessary or desirable I may insert 
in the pipe 0 a coil R, which is contained in 

40 a jacket T through which a cooling medium 
is passed. 

The flow of oil is regulated by the speed at 
which the pump N is driven, and by this 
means the period of re-establishment of the 

45 arc is controlled. 
Having now described my invention and 

the best means of which I am aware in which 
the same is or may be carried into effect, what 
I claim is-

soLIn an electric system of the kind de-

scribed, the combination with the points or 
terminals between which occurs the inter
mittent or oscillating discharge of means for 
maintaining between said points and in the 
path of the discharge a flow of insulating 55 
liquid, as set forth. 

2. In an electrical system of the kind de
scribed, the combination witha transformer, 
and the points or terminals between which 
occurs the intermittent or oscillating dis- 60 
charge, of a body of insulating liquid sur
rounding the same, and means for maintain
ing a flow or circulation of the same, as set 
forth. 

3. In an electrical system of the kind de- 65 
scribed, the combination with a transformer 
and the points or terminals between which 
occurs the intermittent or oscillating dis
charge, of receptacles inclosing. the same and 
containing oil and means for maintaining a 70 
flow of the oil through said receptacles and 
around the devices therein. as set forth. 

4. In an electrical system of the kind de
scribed, the combination with the points or 
terminals between which occurs the inter- 75 
mittent or oscillating discharge, of a means 
for maintaining a flow of insulating liquid 
between the discharge points, and means for 
varying the length of the path of discharge 
through such fluid, dependent for operation 80 
upon the flow of the same, as set forth . 

o. The combination with discharge points 
immersed in oil, of means for periodically va
rying the length of the path of discharge be-
tween them, as described. {3S 

6. The combination with discharge points 
immersed in oil, of a conductor adapted to pe
riodically bridge the space between such 
points, as set forth. 

7. The combination with discharge points 90 
immersed in oil, means for causing a flow of 
the oil between said points and a metallic 
turbine mounted between the points and 
adapted by the rotation produced by the flow
ing oil to bridge with its vanes or blades the 95 
space between the said points. . 

NIKOllA TESLA. 
Witnesses: 

ROBT. F. GAYLORD, 
PARKER W. PAGE. 
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UNITED ST ATES PATENT OFFICEs 

NIKOLA TESLA, OF NEW YORK, N. Y. 

RECIPROCATING ENGINE. 

SPECIFICATION forming part of Letters Patent No. 514,169, dated February 6,1894. 

Applicationfiled August 19, 1893. Serial No. 483,563. (No model.) 

To all whoin it may concern: . I where reciprocating engines or tools have been 
Be it known that I, NIKOLA TEsLA, a citizen used without a rotating system of great iner-

of the United States, residing at New York, tia, no attempt, so far as I know, has been 55 
in the county and State of New York, have in- made to secure conditions which would nec-

5 vented certain ue\v and useful Improvements essarily yield such results as I have reached. 
in Reciprocating Engines, of which the fol- It is a well known principle that if a spring 
lowing is a specification, reference being had possessing a sensiqle inertia be brought un-
to. the drawing accompanying and forming a del' tension, as by being stretched, and then 60 
part of the same. freed it will perform vibrations which are 

[0 In the inventioriwhich forms the subject of isochronous and, as to period, in the main de
my present application, my object has heen, pendent upon the rigidity of the spring, and 
primarily to provide an engine, which under i its own inertia or that of the system of which 
the influence of an applied force such as the it may form an immediate part. This is 65 
elastic tension of steam or gas under pressure known to be true in all cases where the force. 

[5 will yield an oscillatory movement which, which tends to bring the spring or movable 
within very wide. limits, will be of constant system into a given position is proportionate 
period, irrespective of variations of load, fric- to the displacement. 
tional losses and other factors which in all In carrying out my invention and forsecur- 70 
ordinary engines produce change in the rate iug the objects in general terms stated above, 

20 of reciprocation. I employ the energy of steam or gas. under 
The further objects of the invention are to pressure, acting through proper mechanism, 

provide a mechanism, capable of converting to maintain in oscillation a pi:;;ton, and, tak
the energy of steam or gas under pressure ing advantage of the law above stated, I con- 75 
into ·mechanical power more economically nect with said piston, or cause to act upon it, 

25 than the forms of engine heretofore used, . a spring, under such conditions as to auto
chiefly by overcoming the losses which result matically regulate the period of the vibra-
in these by the combination with rotating tion, so that the alternate impulses of the 
parts possessing great inertia of a reciprocat- power impelled piston, and the natural vibra- 80 
ing system; which also, is better adapted for tions of the spring shall always correspond 

30 use at higher temperatures and pressures, and in direction and' coincide in ti me. 
which is capable of useful and practical ap- While, in the practic8 of the invention I 
plication to general industrial pnrposes, par- may employ any kind of spring or elastic body 
ticularly in small units. of which the law or principle of operation 85 

The invention is based upon certain well above defined holds true, I prefer to use an 
35 known mechanical principles a statement of air spring, or generally speaking a confined 

which will assist in a better understanding body or cushion of an elastic fluid, as the me-
of the nature and purposes of the objects chanical difficulties in the use of ordinary or 
sought and results obtained. Heretofore, metallic springs are serious, owing mainly, to 90 
where the pressure of steam or any gas has their tendency to break. Moreover, instead 

40 been utilized and applied for the prodnction of permitting the piston to impinge directly 
of mechanical motion it has been customary upon such cnshions within its own cylinder, 
to connect with the reciprocating or moving I prefer, in order to avoid the influence of the 
parts of the engine a fly-wheel or some rotary varying pressure of the steam or gas that acts 95 
system equivalent in its effect and possessing upon the piston and which might disturb the 

45 relatively great mechanical inertia, upon relations necessary for the maintenance of 
which dependence was mainly placed for the isochronous vibration, and also to better util
maintenance of Gonstant speed. '1'his, while izethe heat generated by the compression, to 
securing in a measure this object, renders im- employ an independent plunger connected 1')0 

possible the attainment of the result at which with the main piston, and a chamber or cyl-
50 I have arrived, and is attended by disadvan- inder therefor, containing air which is nor

tages which by my invention are entirely ob- mally, at the same pressure as the external 
viated. On the other hand, in certain cases, atmosphere, for thus a spring of practically 
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constant rigidity is obtained, but the air or 
gas within the cylinder may be maintained 
at any pressure. 

In order to describe the best manner of 
5 which I am aware in which the invention is 

or may be carried into effect, I refer now to 
the accompanying drawing which represents 
in central cross-section an engine embodying 
my improvements. 

10 A is the main cylinder in which works a 
piston B. Inlet ports C C pass through the 
sides of the cylinder, opening at the middle 
portion thereof and on opposite sides. Ex
haust ports D D extend through the walls of 

IS the cylinder and are formed with branches 
that open into the interior of the cylinder on 
each side of the inlet ports and on opposite 
sides of the cylinder. . 

The piston B is formed with two circumfer-
20 ential grooves E F, which communicate 

through openings G in the piston with the 
cylinder on opposite sides of said piston reo 
spectively. 

I do not consider as of special importance 
25 the particular construction and an'angemen t 

of the cylinder, the piston and the ports for 
controlling it, except that it is desirable that 
all the ports, and more especially, the ex
haust ports should be made very much larger 

30 than is usually the case, so that no force due 
to the action of the steam or compressed air 
wHI tend to retard or affect the return of the 
piston in either direction. 

The piston B is secured to a piston rod n, 
3S which works in suitable stuffing boxes in the 

heads of the cylinder A. This rod is pro
longfld on one side and extends through bear
ings V in a cylinder I suitably mounted or 
supported in line with the first, and within 

40 which is a disk or plunger J carded by the 
rodn. 

The cylinder I is without ports ·of any kind 
and is air-tight except as a small leakage may 
occur through the bearings V, which experi· 

45 ence has shown need not be fitted with any 
very considerable accuracy. 'rhe cylinder I 
is surrounded by a jacket K which leaves an 
open space or chamber around it. The bear
ings V in the cylinder I, extend through the 

50 jacket K to the outside air and the chamber 
between the cylinder and jacket is made 
steam or air tight as by suitable packing. 
'rhe main supply pipe L for steam or com
pressed air leads into this chamber, and the 

55 two pipes that lead to the cylinder A run 
from the said chamber, oil cups J\I being con
veniently arranged to deliver oil 'into thesaid 
pipes for lubricating the piston. 

In the particular form of engine shown, the 
60 jacket K which contains the cylinder I is pro

vided with a flange N by which it is screwed 
to the end of the cylinder A. A small cham
ber 0 is thus formed which has air vents P 
in its sides and drip pipes Q leading out from 

65 it through which the oil which collects in it 
is carried off. 

To explain now the operation of the device 
above described. In the position of the parts 
shown, or when the piston is at the middle 
point of its stroke, the plunger J is at the 70 
center of the cylinder I and the air on both 
sides of the same is at the normal pressure 
of the outside atmosphere. If a source of 
steam or compressed ail' be then connected 
to the inlet ports C C of the cylinder A and 75 
a movement be imparted to the piston as by 
a sudden blow, the latter is caused to recip
rocate in a manner well understood. The 
movement of the piston in either direction 
ceases when the force tending to impel it and 80 
the momentum which it has acquired are 
counterbalanced by the increasing pressure 
of the steam or compressed air in that end of 
the cylinder toward wbich it is moving and 
as in its movement the piston has shut off at 35 
a given point, the pressure that impelled it 
and established the rressnre that tends to re
turn it, it is then impelled in the opposite di
rection, and this action is continued as long 
as the requisite pressure is applied. The go 
movements of the piston compress and rarify 
the air in the cylinder I at opposite ends of 
the same alternately. A forw:1.rd stroke com
presses the air ahead of the plunger J which 
acts as a spring to return it. Similarly on 95 
the back stroke the air is compressed on the 
opposite side of the plunger J and tends to 
drive it forward. This action of the plunger 
upon the air contained ill the opposite ends 
of the cylinder is exactly the same in princi- IO( 

pIe as though the piston rod were connected 
to the middle point of a coiled spring, the 
ends of which are connected to fixed supports. 
Consequently the two chambers may be con
sidered as a single spring. The compressions IO! 

of the air ill the cylinder I and the conse
quent loss of energy uue mainly to the i~
perfect elasticity of the air, give rise to a very 
considerable amount of heat. This heat I 
utilize by conducting the steam or compressed I I( 

air to the engine cylinder through the cham
ber formed by the jacket sUl'rounding the air
spring cylindel'. The heat thus taken up and 
used to raise the temperature of the steam or 
air acting upon the piston is availed of to in- II! 
crease the efficiency of the engine. In any 
given engine of this kind the normal press
ure will produce a stroke of determined 
length, and this will be increased or eli min
ished according to the increase of pressure 12( 

above or the renuction of pressure below the 
normal. 

In constructing the apparatus I allow for It 
variation in the length of stroke by giving to 
the confining cylinder I of the air spring 12: 

properly determined dimensions. The greater 
the pressure upon the piston, the higher will 
be the degree of compression of the air-spring, 
and the consequent counteracting force upon 
the plunger. The rate or period of recipro- I3C 

cation of the piston however is no more de
pendent upon the pressure applied to drive 
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it, than would be the period of oscillation of istics of the engine render it especially adapt
a pendulum permanently maintain(')d in vi- ed for use in small sizes or units. 
bration, upon the force which pei'iodically Having now described my invention, what 
impels it, the effect of variations in such force I claim is- . 

3 

5 being merely toprodnce corresponding vari- 1. A reciprocating engine comprising in 65 
ations in the length of stroke or amplitude of combination, a cylinder, a piston anda spring 
'vibration respectively. The period is mainly connected with or acting upon the reciprocat
determined by the rigidity of the air spring ing element, the said spring and reciprocating 
and the inertia of the moving system, and I element being related in substantially the 

10 may therefore' secure any period of oscilla- manner described so that the forces which tend 70 

tion within very wide limits by properly por- to bring the reciprocating parts into a given 
tioning these factors, as by varying the di- position are proportionate to the displace
mensions of the air chamber which is eqniva- ments, whereby an isochronous vibration is 
lent to varying the rigidity of the spring, or obtained. 

15 by adjusting the weight of the moving parts. 2. A reciprocating engine comprising in 75 
These conditions are all readily determina- combination, a cylinder, a piston impelled by 
ble, and an engine constructed as herein de- steam or gas nnder pressure, and an air spring 
scribed may be'made to follow the principle maintained in vibration by the movements of 
of· operation above stated and maintain a the piston, the piston and spring being related 

20 perfectly uniform period through very much in substantially the manner described so that 80 

wider limits of pressure than in ordinary use, the forces which tend to bring the recipro-
it is ever likely to be subjected to and it may cating parts into a given position arc pro-
be successfully used as a prime mover wher- portionate to the displacements whereby an 
ever a constant rate of oscillation or speed is isochronous vibration is obtained. 

25 required, provided the limits within which 3. The combination of a cylinderanda pis- 85 
the forces tending to bring the movingsys- ton adapted to be reciprocated by steam or 
temto a given position are proportionate to gas under pressure, a cylinder and a plunger 
the displacements, are not materially ex- therein reciprocated by the piston and consti
ceeded. The pressure of the air confined in tuting an air spring acting upon said piston, 

30 the cylind~r when the plunger J is in its the piston and spring being related in the 90 

central position will always be practically manner described so that the forces which 
that of the surrounding atmosphere, for while tend to bring the piston into a given position 
the cylinder is so ,constructed as not to per- are proportionate to the displacement where-
mit stich sudden escape of air as to sensibly by an isochronous oscillation of the piston is 

35 impair or modify the action of the air spring obtained. 
there will still be a slow leakage of air into or 4. The combination of a cylinder and a pis
ont of it around the piston rod according to ton adapted to be reciprocated by steam or 
the pressure, therein, so that the pressure of gas under pressure, a cylinder and piston con-

95 

the air on opposite sides of the plunger will stituting an air spring connected with the 
4C always tend to remain at that of the outside piston, a jacket forming a chamber around 100 

atmosphere. the air spring through which the steam or 
As an instance of the uses to which this en- compressed gas is passed on its way to the 

gine may be applied I have shown its piston cylinder, as and for the purpose set forth. 
rod connected with a pawl R the oscillation I 5. The method of producing isochronous 

4-5 of which drives a train of wheels. These may I movement herein descl'ibed,which consists in 105 

constitute the train of a clock or of any other reciprocating a piston by steam or gas under 
mechanism. The pawl R is pivoted at R' pressure and controlling the rate or period of 
and its bifurcated end engages with the teeth reciprocation by the vibration of a; spring, as 
of the ratchet wheel alternately on oppo- set forth. 

50 site sides of the same, one end of the pawl 6. The method of operating a reciprocating I IO 

at each half oscillation acting to propel the engine which consists in reciprocating a pis
wheel forward through the space of one tooth ton, maintaining by the movements of the pis
when it is engaged and locked by the other ton, the vibration of an air spring and apply-

. end on the last half of the oscillation which ing the heat generated by the compression of 
55 brings the first end in to position to engage the spring to the steam or gas driving the I 15 

with another tooth. . piston. 
Another application of the invention is to 

move a conductor in a magnetic field for gen
erating electric currents, and in these and 

60 similar uses it is obvious that the character-

NIKOLA'rESLA. 
Witnesses: 

PARKER W. PAGE, 
R. F. GAYLORD. 
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To all whom it may concern: 
Be it known that I, NIKOLA TESLA, a citizen 

of the United States, residing at New York, 
in the county and State of NewYork,have in-

S ventcd a certain new and useful Improvement 
in Incandescent Ele('tric Lamps, of which 
the following is a specification, reference be
ing had to the drawings accompanying and 
forming a part of the same. 

(0 This invention is an improvement in the 
particular class of electric lamps or lighting 
devices invented by me and for which I have 
heretofore obtained Letters Patent, notably 
No. 454,622, dated Jnne 23, 1891. 

[5 The invention applies more particularly to 
that form of lamp in which a small body or 
button of refractory material is supported by 
a conductor entering a very highly exhausted 
globe or receiver, but is also applicable gen-

20 erally to other forms of lamp ada pted for use 
with similar systems in which currents of 
very high potential and great frequency are 
employed. I have found in the practical ap
plications of this system that a considerable 

~5 dissipation of energy takes place from the 
condnctors conveying the cnrrents of great 
potential and frequency, even when such con
ductors are thoroughly insulated both within 
and without the lamp globes, and the sub-

30 ject of my present invention is a means for 
_. preventing snchdissipation within the lamp, 

or rather for confining it to the particular 
parts or part of the conductor which is de
signed to give light. 'l'hisobject I find Imay 

35 readily accomplish by surrounding the lead
ing-in and supporting conductors with a con
ductor which acts as a static screen. By this 
means the light-giving body or button which 
lies beyond the influence of the screen is 

40 quickly and efficiently brought to and main
tained at higher incandescence by a suitable 
electrical current or effect, by reason of the 
fact that the electrical action to which the 
incandescence is due is confined mainly to the 

45 button. 
A description of the ordinary form of lamp 

which I employ will serve to illustrate the 
principle and nature of this i~provement, 
and for such description I now refer to the 

drawings which show such lamp in central 50 
vertical section. 

A is a glass globe of the usual form, in the 
base of which is sealed a very thin conduct
ing wire B, passing up through a stem of 
glass or other refractory insulator C. To the 55 
upper or inner end of this wire is united,as by 
means of a mass of carbon paste D, a carbon or 
other refractory stem E, that supports or car
ries a small button of carbon or other suitable 
substance F. Over the stem C is passed, at 60 
any convenient stage in the manufacture of 
the lamp and in any well understood way, a 
metallic tube G. I prefer to use for this.pur
pose a very thin cylinder or tube of alumi
num and it should entirely surround all parts 65 
of the conductor within the globe except the 
button itself, extending to or nearly up to the 
point of union of the stem E with the button 
F. Snch a device by reason of its electro
static action reduces the loss of energy sup- 70 
plied to the bulb, preventing its radiation or 
dissipation into space except through the ex
posed or unprotected button. The tube or 
screen G is entirely insulated from the con
ductors within the globe and from all exter- 75 
nal conductors or bodies. The globe, by 
means of a suitabie air pump, is exhausted 
to as high a degree as practicable, or until a 
non-striking vacuum is attained. It is con
nected with the pump by the usual tube which 80 
is sealed off at K. 

The lamp maybe made in different forms 
and in different ways, and the invention, as 
may be readily understood from its above 
described nature and purpose, is not confined 85 
to the specific form of lamp herein shown. 

What I claim is-
1. In an incandescent electric lamp, the 

combination of an exhausted globe, a refrac
tory light-giving hody therein, a conductor 90 
leading into the globe and connected to or 
supporting the said body, a~d a conducting 
screen snrronnding the said con d uctOl', as set 
fu~. . 

2. In an incandescent electric lamp, the 95 
combination of an exhausted globe, a refrac
tory light-giving body or button thCl'ein, a 
conducting support for said button within the 
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globe, and a metallic tube surrounding or in
closing the said couductor up to the point of 
union with the button, as set forth. 

3. In an incandescent electric lamp, the 
5 combination of an exhausted globe, a wire 

sealed therein, and coated with or embedded 
in a glass stem, a carbon stem united with 
the wire, a refractory conductor mounted on 

said stem, and a conducting tube or cylinder 
surrounding the wire and carbon stem, as and IO 

for the purpose set forth. 

NIKOLA TESI,A. 
'Witnesses: 

ERNEST HOPKINSON, 
PARKER IV. PAGE. 
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To aU whom it may concern: 
Be it known thatI, NIKOLA TESLA, a citizen 

of the United States, residing at New York, in 
the county and State of New York, have in-

S vented certain new and useful Improvements 
in Electric-Rail way Systems, of which the fol
lowing is a specification, reference being had 
to the drawings accompanying and forming 
a part of the same. 

10 This invention is an improved system or 
plan of supplying electric cnrrent to the mo
tors of street or other cars or vehicles from a 
central or stationary source of supply, with
out the use of sliding or rolling contacts be-

15 tween the line conductor and the car motors. 
I use in my system alternating or pulsating 
currents of very high potential, and, by rea
son mainly of the higher economy, high fre
quency. The conductor which conveys these 

20 currents is run from the stationarv source of 
supply along the line of travel and preferably 
through a conduit constructed 'between, or 

. alongside of the tracks or rails. 
To prevent the dissipation of the electric 

25 energy that would otherwise occur on a cir
cuit conveying· currents of the character 
which I use, I insulate the line conductor and 
surround it with a conducting coating that 
serves as a screen, and I prefer, mainly with 

30 the object of localizing the action that would 
result from the establishment of an electrical 
connection between the screen and the ground 
or other conducting body,- to divide up the 
outer conductor into insulated, sections of 

35 comparatively short length. In the cal', or to 
each of a number running on a given track, 
equipped in accordance with my invention, I 
attach an arm carrying a conducting plate 
or bar that is electrically connected with the 

40 motor coils and which by the movement of 
the car is carried in proximity to the line con· 
ductor, so as to take off, by condenser action, 
sufficient energy to run the car motor. 

The details of the invention, and the best 
45 manner I am aware of in which it is or may 

be carried out, I shall explain by reference 
to the accompanying drawings. 

Figure 1 is a view showing a portion of a 
car and the means for supplying the motor of 

50 the same with current from a line conductor 
supported within a conduit between the rails. 
Fig. 2 is an enlarged .sectional view of the 

arm carrying the conductor through Which 
the electric energy is transmitted from the 
line conductor to the motor. Fig. 3 is an en- 55 
larged view partly in section of the line con-
ductor. , 

I propose to employ an iron conduit A, 
which is buried preferably between the rails 
of the track and provided with a longitudinal 60 
slot along its top close to one edge or side. A 
flange B is formed or applied along the slot, 
forming a protected chamber or compartment 
for containing the line conductor. This cham
bel' should be of snch form ill cross-section 65 
that its walls will be symmetrically disposed 
with respect to the cond uctor running through 
it, and thus reduce to a minimum any dis
turbing inductive effects which wonld be pro
duced by an unsymmetrical disposition of the 
walls with respect to the conducting screen or 
covering around the conductor. 

For the line conductor I employ a suitable 
wire C, surrounded by an insulated coating 
D, which is inclosed in a metallic sheathing 75 
G. For the latter I prefer to use iron pipes 
provided with perforated lugs F, by means 
of which the conductor is suspended by in
sulated rods or other devices E. I also divide 
up the conducting screen or sheathing into 80 
sections insulated from one another, but over
lapping so as to leave no breaks in the screen. 
The advanta.g'e in dividing up the screen in 
this manner is that the loss due to currents 
induced in the outer conductor is reduced, 85 
while at the same time the grounding of any 
one section would result in a very small loss 
compared with what would take place from a 
continuous sheath; moreover, by overlapping 
the ends of the sections but little opportunity 90 
is afforded for the dissipation of energy. 

The car is represented as carrying a motor 
H, which may be of any suitable construction 
and capable of being operated by currents of 
the kind employed. Connected with the mo- 95 
tor or car is an iron or conducting tube I, that 
extends down into the conduits through the 
slot therein. The lower end of this tube is 
bent in the form of a hook and supports 
within the conductor chamber a bar or plate 100 

J that presents to the line condu~tor a-con
ducting surface. This bar or plate is elec
tricallyconnected with the motor coils by an 
insulated wire K, that passes up through the 
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tube I, and all parts of the said plate except ductor the current to operate the motor 011 a 
t}le surface exposed to the conductor 0, or its traveling cal' or other vehicle, bnt 
metallic sheath, are insulated and protected What I claim is-
by a metallic screen L. It is obvious that all 1. In an electric railroad system operated eto 
portions of the arm as well as the plate itself by electric currents of bigh potential and fre
may be immlated as by a water-pt'oof cover- quency, tbe combination of nn insulated and 
ing, and it will be understood tbat tIle prin- electl'ically screened supply conductor ex
cipal object of the invention would still be tending along the line of travel, a motor car 
attained even though the plate were in actual 01' cars carrying a cond ncting plate or bar in 45 
contact with the screen while the car is in inductive relation to the screened conductor 

'motion. and an electrical connection between the said 
In operation, the line conductor ° is con- plate and the motor, as set forth. 

nected with a source of current of very high 2. In an electric railroad system operated 
potential and great frequency. This eurrent by electric currents of high potential and fre'- 50 
may be conveyed to any desired distance quency, the combination of a supply conduc
without material loss, as the insulated metal~ tor running along tbe line of travel, a con-
lic covering or sbeath around the conductor ductingsbeathorscreendividedintoinsulated 
serves as a static screen to prevent the dis:,;i- Rections and surrounding the said conductor, 
pation of the euergy. The presence, however, a motor cal' supporting a conducting bodyin 5 'i 
of a plate J of any car close to the sheath or proximity to the supply conductor aud an 
screen disturbs the electrical equilihriuni and electrical connection between said body and 
sets up by condenser action a transfer of en- the motor as set forth. 
ergy from the screen to the plate sufficient to 3. In an electrical railway system, the COI11-
operate the motor on the cal'. bination with a slotted conduit of an insulated 60 

In the above, I have described the screen, conductor supported therein, an insulated 
whether continuous 01' subdivided, as wholly sheath 01' screen surrounding the conductol', 
insulated from the ground or surrounding con- ! a motor car adapted to run on tracks parallel 
ducting bodies, bnt the single continuons I with the conduit, a conducting plate or bar 
screen or each section of the same, may be I carried by an arm depending from the car 65 
connected to the ground throngh a condenser I into the condnit, and an electrica,l connection 
of l:elativel.y very s.maU c~pacity, ~hrough a I between th(' plat (I and the motor,as set forth. 
deVIce ?f hIgh sel~-ll1ductlO~ or r~sIstance, as NIKOLA TESLA. 
shown III dotted hnes at Of 111 FIg. 1. 

I do not claim in this application the par
ticular line conductor described, nor the 
broad idea of inducing from a stationary COll-

'Witnesses: 
ERNES1' HOPKINSON, 
PARKER ,V. PAGE. 
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To all whom it may concern: . 
Beit known thatI, NIKOLA TEsLA, a citizen 

of the,U nited States, residing at New York, in 
the county and State of New York, have in-

S vented certain new and useful Improvements 
in Electrical Meters, of which the following is 
a specification, reference being had to the 
drawings accompanying and forming a part 
of the same. 

10 The subject of this invention is a novel 
method of and apparatus for computing the 
energy that has been expended in a given 
time in a circui~, and is more particularly de
signed for measuring the expended energy of 

IS alternating currents and those of varying 
strength. 

The invention is based on the fact that 
when a high tension discharge is made to pass 
from a conductor through a rarefied gas, mi-

20 nute particles are thrown off from the con
. ductor and are embodied in any apparatus in 

which the proper conditions for the above re
sults are present, and in which the amount of 
the particles thrown off from the conductor 

25 or conductors as a result of such action is in 
proportion to the strength of the current, the 
energy of which is to be computed, and can 
be measured from time to time. As the most 
convenient means of utilizing this principle 

30 in carrying out my invention, I have devised 
an instrument of the following character: In 
a tube or other receiver, preferably of glass, 
are placed two conductors, parallel to each 
other. The most convenient conductors for 

35 this purpose are composed of thin sticks or 
filaments of homogeneous carbon, to the ends 
of which platinum wires are attached, which 
latter are sealed in the glass, and, inside the 
tube protected by a coating of some insulat-

40 ing material, while their ends outside of the 
tube are connected to or formed as suitable 
terminals. '1'he glass tube is provided with 
a small tube through which it is exhausted to 

.. the proper degree and which is sealed off after 
45 exhaustion in the usual manner. If the two 

conductors or carbons be connected to the two 
parts of a circuit over which flows an alter
nating current of high tension, a discharge 
takes place from one carbon to the other al-

So ternately, that causes infinitesimal particles 
to be thrown off from each, which appreciably 
increases their electrical resistance. This 

variation may be used as a measure of the 
energy of a current in a working circuit, as I 
shall now explain more in detail and by refer- 55 
ring to the drawings hereto annexed, and in 
which-

Figure 1 illustrates the instrument above 
described and, diagrammatically, the manner 
of using the same. Fig. 2 is a cross section 60 
on an enlarg~d scaleof one of the carbon con
ductors. 

One terminal of each of the carbon con
ductors A, B, sealed as abovfl described in 
the tube or receiver C, is connected to a ter- 65 
minal of the secondary D of a high tension 
induction - coil, preferably constructed with
out iron. The carbons are supported by the 
metallic· conductors H, preferably of plati
num in whole or in part, and having inside 70 
the receiver a coating of insulating material 
L. The primary E of the induction coil is 
connected in series with incandescent lamps 
or other non-inductive translating devices F, 
snpplied with alternating currents from any 75 
suitable generator G. Under these condi
tions, since the difference of potential at the 
terminals of the secondary of the induction 
coil is proportionate to the primary current, 
it is, therefore, proportionate to the number 80 
of lamps or other devices F. 

The action of the discharge in the tube C 
from one conductor to the other produces a 
uniform throwing off of the infinitesimal par
ticles of carbon along the entire length of 85 
the conductors, as the difference of potential 
between the two is practically equal at all 
pOints, and the increase in resistance will, 
therefore, be uniform. The amount, how
ever, of the particles thus thrown off in a 90 
given time is proportionate to the difference 
of potential between the two conductors, and 
hence the increase in the resistance of the 
conductors is in a definite proportion to the 
number of lamp hours. Thus, the energy 95 
may be computed from the variation in the 
resistance of the conductors in the following 
manner: The resistances of the- conductors 
are accurately measured in any of the usual 
wavs. Then a known current is caused to 10" 

pass for a given time through the primary 
of the induction coil and a given number of 
lamps. The resista.nces of the conductors are 
then taken again and the increase gives the 
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constant which permits of the calculation of conductors, and computing from the amount 
the energy consumed from the variation in of the particles thrown off from said conduc
the resistance of one conductor. tors or one of the same by the action of the 

To simplify the calculation, the carbon discharge of the energy expended. 50 
5 conductors may be made rectangular in cross- 2. The combination with a circuit of alter-

section, see Fig. 2, which is an enlarged cross- nating currents, of a meter composed of two 
section of one of the carbons, coated with conductors connected respectively with the 
an insulating substance M, so as to expose circuit and separated by a rarefied gas sub-
only one side from which the material is stantially as set forth. 55 

10 thrown off. In such case the variation of re- I 3. The combination with a working circuit 
sistance may be simply multiplied by the I of alternating currents, tmnslating devices 
constant to determine the energy. But it is substantially as described connected there-
an easy matter to determine ,by a simple cal- with, a primary coil in series with the trans
culation the amount of energy expended in lating device and a high tension secondary 60 

15 any case, provided the dimensions of the con- therefOl', of a meter composed of an exhausted 
ductors are known. The former plan is pref- receiver having two conductors sealed there
el'able, however, as by it the energy may be in, one terminal of each conductor being con
directly read 01I by using a properly gradu- nected to a terminal of the secondary, as set 
ated ohm meter. forth. 

20 If inductive resistances be used in place of 4. A meter for electric currents, consisting 
the lamps F, it will be understood that the in the combination with an exhausted re
conditions for ascertaining the energy ex- ceiver, of two conductors contained therein 
pended must be varied accordingly and in and connected with wires sealed into the 
well understood ways, which require no spe- walls of said receiver, the said meter having 70 

25 cial description herein. two line or circuit terminals, one connected 
I do not limit myself to the specific con- with each conductor, therein, as set forth. 

strnction of the instrument herein shown, for 5. A meter for electric currents, consisting 
the same may be varied in many wellundel'- in the combination with an exhausted re
stood ways. For example, only one of the ceiver of two rectangUlar cnrbon conductors 75 

30 two conductors Ileed be inside the tube, it mounted therein and coated with an insulat
being only necessary that they be placed in ing material on three sides, as and for the 
such relations that the high tension discharge purposes set forth. 
shall take place between them through the 6. A meter for electric currents, consisting 
rarefied gas. in the combination with an exhausted re- 80 

35 The above described plan I regard as the ceiver, of two carbon conductors presenting 
most convenient for ascertaining the amount surfaces between which n discharge is adapt
of the particles thrown off from the concInc- ed to take place, and metallic conductors 
tors, but other means for this purpose may be sealed in the walls of the receiver ancI snp-
resorted to. porting said carbons, the metallic conductol'S 85 

40 What I claim as my invention is- inside the receiver being coated with an in-
1. The method, herein described, of meas- snlating material, as set forth. 

uring the amount of electrical energy ex
pended in a given time in an electric circuit, 
of alternating currents, which consists in 

45 maintaining by such currents a high tension 
discharge through a rarefied gas between two 

NIKOLA TESLA. 

·Witnesses: 
,TAlliES N. CA'l'LOW, 
PARKER 'V. PAGE. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TES:(,A, OF NEW YORK, N. Y. 

STEAM-ENGINE. 

SPECIFICATION forming part of Letters Patent No. 517,900, dated April 10,1894. 

Application filed December 29,1893, Serial No, 495,079, tNamodeU 

To all whom it may concern: 
Be it known that I, NIKOLA TESLA, a citi

zen of the United States, residing at New York, 
in the county and State of New York, have 

5 invented certain new and usefnl Improve
ments in Steam-Engines, of which the follow
ing is a specification, reference being had to 
the drawings accompanying and forming a 
part of the same. 

10 Heretofore, engines, operated by the appli
cation of a force such as the elastic tension 
of steam or a gas under pressure, have been 
provided with a fly-wheel, or some rotary sys
tem equivalent in its effect and possessing 

15 relatively gre.at mechanical inertia, which was 
relied upon for maintaining a uniform speed. 
I have produced however, an engine which 
without such appurJenances prodnces, under 
very wide variations of pressure, load, and 

20 other disturbing causes, an oscillating move
ment of constant period, and have shown and 
described the same in an application filed on 
August 19, 1893, Serial No. 483,563. A de
scription of the principle of the construction 

25 and mode of operation of this device is nec
essary to an understanding of my present in
vention. When a spring which possesses a 
sensible inertia is brought unqer tension as 
by being stretched and then freed, it will 

30 perform vibrations which are isochronous and, 
as to period, mainly dependent upon the ri
gidity of the spring and its own inertia or that 
of the moving system of which it forms an 
immediate part. This is known to be true in 

35 all cases where the force which tends to bring 
the spring or movable system into a given 
position is proportionate to the displacement. 
In utilizing this principle for the purpose of 
producing reciprocating movement of a con-

40 stant period, I employ the energy of steam or 
gas under pressure, acting through proper 
mechanism, to maintain in oscillation a piston, 
and connect with or cause to act upon such pis
ton a spring, preferably, an air spring, under 

45 such conditions as to automatically regulate 
the period of the vibration, so that the alter
nate impulses of the power impelled piston 
and the natural vibrations of the spring shall 
always correspond in direction and coincide 

50 in time. In such an apparatus it being es
sential that the inertia ofthe moving system 
and the rigidity of the spring should bear 

certain definite relations, it is obvious that the 
practicable amount of work performed by the 
engine, when this involves the overcoming of 55 
inertia isa limitation to the applicability of 
the engine. I therefore propose, in order to 
secure all the advantages of such perform
ances as this form of engine is capable of, to 
utilize it as the m€'ans of controlling the ad- 60 
mission and exhaust of steam or gas under 
pressure in other engines generally, but more 
especially those forms of engine in which the 
piston is free to reciprocate, orin other words, 
is not connected with.a fly wheel or other like 65 
device for regulating or controlling its speed. 

The drawings hereto annexed illustrate 
devices by means of which the invention may 
be carried out, Figure 1 being a central ver
tical section of an engine embodying my in- 70 
veniion,'and Fig. 2 a similar view of a modi
fication of the same. 

Referring to Fig. 1; A designates a cylinder 
containing a reciprocating piston B secured 
to a rod 0 extending through one or both cyl- 75 
inder heads. 

D D' are steam ducts communicating with 
the cylinder at or neal' its ends and E is the 
exhaust chamber or passage located between 
the steam ports. The piston B is provided 80 
with the 'usual passages F F' which by the 
movements of the piston are brought alter
nately into communication with the exhaust 
port .. 

G designates a slide valve which when re- 85 
ciprocated admits the steam or the gas by 
which the engine is driven, from the pipe G' 
through the ducts D D' to the endsof thecyl-
inder. . 

The parts thus described may be considered 90 
as exemplifying any cylinder, piston and slide 
valve with the proper ports controlled there
by, but the slide valve instead of being de
pendent for its movement upon the piston B 
is connected in any manner so as to be recip- 95 
rocated by the piston rod of a s,mall engine of 
constant period, constructed substantially as 
follows:-a is the cylinder, in which works the 
piston b. An inlet pipe c passes through the 
side of the cylinder at the middle portion of 100 

the same. The cylinder exhausts through 
ports d d into a chamber d' provided with an 
opening il". 'fhe piston b is provided with 
two circumferential grooves e,fwhich com-
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muuicatethrough openings g in the same with varying the dimensions of the air cham bel' 
the cylinder cham bel's on opposite sides of the which may be equivalent to varying the rigid
piston. The special construction of this de- ity of the spring, 01' by adjusting the weight 70 

vice may be varied considerably, but it is de- of the moving parts. This latter is readily 
5 sirable that all the ports, and more particu- accomplished by making provision for the at

larly, the exhaust ports be made larger than tachment to the pistou rod of one or more 
is usually done, so that no force due tothe ac- weights h'. Since the only work which the 
tion of the stearn or compressed air in the small engine has to perform is the l'eciproca- 75 
chambers will tend to retard or accelerate the tion of the valve attached to the piston rod, 

10 movement of the piston in either direction. its load is substantially uniform and its pe
The piston b is secured to a rod h which ex- riod by reason of its construction will be con
tends through the cylinder heads, the lower I stant. '''Whatever may be the load on the 
end carrying the slide val ve above described main engine therefoi'e the steam is admitted 80 
and the upper end having secmed to it a to the cylinder at defined intervals, and thus 

15 plunger j in a cylinder i fixed to the cylinder any tendency to a change of the period of 
a and in line with it. The cylinder i is with- viol'ation in the main engine is overcome. 
out ports of any kind and is air-tight except The control of the main engine by the en-
that leakage may occur arollnd the piston rod gine of constant period may be effected in 85 
which does not require to be very close fitting, other ways-of which Fig. 2 will serve as an 

20 and constitutes an ordinary form of air spring. illnstration. In this case the piston of the 
If steam or a gas under pressure be admit- controlling engine constitutes the slide valve 

ted thro'ugh the port c to either side of the of the main engine, so that the latter may be 
piston b, the latter, as will be understood, may considered as operated by the exhaust of the 90 

be maintained in reciprocation,anc1 it is free to former. In the figure I have shown two cyl-
25 move, in the sense that its movement in either inders A A' placed end to end with a piston 

direction ceases only when the force tending Band B' in each. The cylinder of the COll-
to impel it and the momentum which it has trolling engine is formed by or in the casing 
acquired are counterbalanced by the increas- intermediate to the two main cylinders but in 95 
ing pressure of the steam in that end of the allotheressentialrespects the construction and 

30 cylinder toward which it is moving, and as in mode of operation of the controlling engine re-
its movement the piston has shut off at a given mains as described in connection with Fig. 1. 
point, the pressure that impelled it and estab- The exhaust ports d d however, constitute the 
lished the pressure that tends to return it, it is inlet ports of the cylinders A A' and the ex- Joe 
then impelled in the opposite direction, and haust of the latter is effected through the 

35 this action is continued as long as the requi- ports m, 'In which are controlled by the pis-
site pressure is applied. The movements of tons Band B' respectively. The inlet port 
the piston compress and rarefy the air in the for the admission of the steam to the control
cylinder i at opposite ends of the same alter- ling engine is similar to that in Fig. 1 and is 105 
nately, and this results in the heating of the indicated by the clotted circle at the center 

40 cylinder. But since a variation of the tem- of the piston b. 
perature of the air in the chamber would af- An engine of the kind described possesses 
fect the rigidity of the air spring,I maintain many and important adva.ntages. A much 
the temperature uniform as by surrounding more perfect regulation and uniformity of ac- 110 
the cylinder i with a jap,ket a' which is open tion is secured, while the engine is simple 

45 to the air and filled with water. and its weight for a given capacity is very 
In. such an engine as that just above de- greatly reduced. The reciprocating move

scribed the normal pressure will produce a ment of the piston may be converted, by the 
stroke of determined length, which may be ordinary mechanisms into rotary motion or I IS 
increased or diminished according to the in- it may be utilized and applied in any other 

50 crease of pressure above or the reduction of manner desired, either directly or indirectly. 
pressure below the normal and due allowance In another application of even date here-
is made in constructing the engine for a va- with I have shown and described two recip
riation in the length of stroke. The rate or rocating engines combined in such manner 120 

periodofreciprocation of the piston, however, that the movement or operation of one is de-
55 is no more dependent upon the pressure ap- pendent upon and controlled by the other. 

plied to drive it, than would be the period of In the pre5ent case, however, the controlling 
oscillation of a pendulum permanently main- engine is not designed nor adapted to per
tained in vibrati0n, upon the force which pe- form other work than the regulation of the 125 
riodically impels it, the effect of variations in period of the other, and it is moreover an en-

60 such force being merely to produce corre- gine of defined character which has the capa
sponding variations in the length of stroke or bilityof an oscillating movement of constant 
amplitude of vibration respectively. The pe- period. 
riod is mainly determined by the rigidity of What I claim is- 130 
the air spring and the inertia of the moving 1. The combination witb the cylinder aml 

65 system and I may therefore secure any pe- reciprocating piston and controlling valve of 
riod of oscillation within very wide limits by an engine adapt.ed to be operated by steam 
properly proportioning these factors, as by or a gas under pressure of an independently 
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controlled engine of constant period operat
ing the said valve, as described. 

2. The combination of an engine cylinder, 
a piston adapted to reciprocate therein, a 

5 slide valve for controlling the admission of 
steam to said cylinder, and an independently 
controlled engine of constant period opera
tively connected with said valve. 

3. The combination with the cylinder, pis-
1.0 ton and valve mechanism of a main or work

ing engine, of an independent controlling 
engine comprising a cylinder, a piston con
nected with·the valve mechanism of the main 
engine, and a spring acting upon the said 

IS piston and controlling the period of its recip
rocation, as set forth. 

4. The combination with a cylinder and a 
piston adapted to be reciprocated by steam I 
or a gas under pressure of a cylinder. and a 

20 plunger therein reciprocated by the piston 

and constituting with its cylinder an air 
spring, and an open jacket or receptacle 
aronnd the said cylinder and containing wa
ter to preserve the temperature of the air 
spring uniform, as set forth. 25 

5. The combination with a cylinder, a re
ciprocating piston and valve mechanism for 
controlling the admission andexhaust.of the 
steam or gas under pressure,of a cylinder, a 
piston connected with and operating said 30 

valve mechanism, and an air spring vibrated 
by the piston, the spring and piston being 
related in snbstantially the manner described 
to produce a reciprocating movemeritof con
stant period. 

NIKOLA TESLA. 

Witnesses: 

- ,-=, 

ARTHUR H. SMITH, 
ERNEST HOPKINSON. 



(No Mode1.) 

No. 524,426. 

N. TESLA. 
ELECTROMAGNETIC MOTOR. 

Patented Aug. 14, 1894. 

~J~~A , 
~(~v-I2~ 

ATTORNEY~ • 

THE: ",imRIS PO'ERS co., PHQTo.UTH"O., WASHINGTON. O. C. 



IJNITED STATES PATENT OFFICEe 

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ELECTROMAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 524,426, dated August 14,1894. 

Application filed October 20,1888. Serial No. 288,677. (No model.) 

To all whom it may concern: 
Be it known that I, NIKOLA 'l'ESLA, a sub

ject of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria-

5 Hungary, and a resident of New York, in the 
county and State of New York, have invented 
certain new and useful Improvements in Elec
tromagnetic Motors, of which the following is 
a specification, reference being had to the 

(0 drawings accompanying and forming a part 
of the same. 

In previous patents of the Unite'd States 
notably in those numbered 381,968 and 
382,280, dated May 1,1888, I have shown and 

15 described a system of transmitting power by 
means of electro-magnetic generatol's and mo
tors. The distinguishing feature of thissys
tem was shown to be the progressive move
ment or shifting of the magnetic poles or 

20 points of maximum attraction of a motor, due 
to the action or effect of alternating currents 
passed through independent energizing cir
cuits in the motor. To secure this result the 
two currents must have different phases, the 

25 best results being obtained when the two cur
rents differ by a quarter phase, or in other 
words when the periods of maximum potential 
of one current coincide with the minimum pe
riods of the other, and conversely. I have 

30 also discovered that a single alternating cur
rent may be utilized to produce a progression 
or shifting of the magnetic poles of a motor 
if the field magnets of the same be of differ
ent magnetic susceptibility in different parts 

35 so that the magnetic phases of the same will 
differ. That is to say, if the field magnets are 
of such character that their different portions 
will be differently magnetized-in respect to 
time-by the same current impulse, and so 

+0 disposed that the qifference of magnetic 
phase will maintain a rotary or progressive 
shifting of the points of maximum magnetic 
effect. This may be accomplished in various 
ways, as may best be explained by reference 

45 to the accompanying drawings, in which-
Figure 1, isa diagrammatic view of a mo

tor constructed in accordance with my inven
tion and a generator connected therewith. 
Fig. 2, is an end view of a modified form of 

50 armature for said motoro 

Let A designate an ordinary type of alter
nating current generator in the circuit of 
which is to be connected a motor or motors, 
according to my present invention. I con
struct such motor or motors in the following 55 
manner: On a shaft a I mount an armature C, 
which for convenience of illustration is pre
sumed to be a soft iron plate or disk with two 
cut-away portions or a bar with rounded ends. 
Around this armature I place say four poles, 60 
D DEE, of soft iron, and, as is usual in all 
alternating current machines, built up of in
sulated plates or sections to prevent the heat-
ing that would otherwise occur. Each of these 
cores is surrounded by an energizing coil F 65 
and all of these coils are connected to the 
main circuit from the generator A in series 
or in any other manner to receive simultane
ously the current impulses delivered by the 
generator. If the cores are all of the same 70 
shape or mass, or composition, and the coils 
are all wound in -the same or alternately op
posite directions, no rotation would be pro
duced by the passage through the coils of a 
current, whether alternating or direct, since 75 
the attractive forces of the poles upon the 
soft iron armature would be developed simul
taneously and would counterbalance or neu
tralize each other. But to secure rotation I, 
make, for example, the cores D D short with 80 
their coils close to their inner ends and the 
cores E E long, with their coils removed from 
the inner ends. By this means I secure a 
difference in the magnetic phases which the 
poles exhibit, for while the short cores will 85 
respond to the magnetizing effect of an alter
nation 01' impulse of current in the coils in a 
certain time, a greater interval of time will 
elapse before the same magnetic intensity 
will be developed at the ends of the longer 90 
cores, and in practice I have found that this 
difference in phase may be utilized to pro
duce the rotation of the armature. The ef-
fect being virtually to produce a shifting of 
the points of maximum magnetic effect simi- 95 
lar to that which takes place when two alter
nating energizing currents, differing in phase 
are used, as explained in the patents above 
referred to. The essential difference being 
that in my patented system the rotation is ef- lOa 
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fected by a time difference of electrical phase, influence of an energizing current, as herein 40 
while in the present case it is due to a differ- set forth. 
ence in magnetic phases. 2. 'rhe combination in an alternating cnr-

The same or similar results are obtainable rent motor with a rotary armature of n~ag-
::; by other means. For example, to secure the netic poles, and coils adapted to be connected 

requisite difference of magnetic phase, I may with the external circuit surrounding the 45 
make two of the cores as E E of greater lIlass same, the said cores being constructed of dif
than cores D D, whereby their period of sat- ferent size or material whereby their mag
uration will be greater than of cores D D, or netic phase will differ in time as set forth. 

I) I may make the CJres E E of hard iron or 3. The combination in an electro magnetic 
steel and the cores D D of soft iron, in which motor with a rotary armature of magnetic 50 
case the cores E E offering greater resistance cores of different length or mass and ener-
to magnetic changes, will not exhibit their I gizing coils surrounding the same and adapted 
magnetism as soon after the passage of a cur- to be connected with a single source of alter-

15 rent as the cores D D. Or if the cores of one nating currents, as set forth. 
set of poles, as D, D, be removed, the attract- 4. The combination in an electro magnetic S5 
ive force of the coils or solenoids would be motor with a rotary armature of short mag
exerted instantly while the magnetic cores E netic cores as D D and long magnetic cores 
E would lag or have a different phase. as E E, and energizing coils surrounding the 

20 The special form of the motor is largely a same, those on the cores E E being placed at 
matter of choice, nor is the invention limited a distance from the inner ends of the said 60 
to the number of poles nor to the special form cores, as herein set forth. 
of armature shown. For example, I may 5. The combination in an electro-magnetic 
employ such an armature as that shown in motor with energizing coils adapted to be con-

25 Fig. 2, which is a cylinder or disk C wound nected with a source of alternating currents, 
with coils G closed upon themselves. This and cores of different magnetic susceptibility, 65 
adds materially to the efficiency of the motor of an armature wouml with coils closed upon 
for the reason that cnrrents are induced in themselves, as herein set forth. 
the closed coils and magnetize the iron cyl- 6. The combination in an electro magnetic 

30 inder in a manner similar to tbat described motor with a rotary armature of field coros 
in my Patent No. 383,279 of ]Hay 1, 1888. of different magnetic susceptibility and en- 70 

-Without limiting myself, therefore, in the el'gizing coils thereon connected in series and 
particulars hereinbefore specified, what I adapted to be connected with a source of a1-
olaim as my invention is- teruating currents, as set forth. 

35 ,1. ~n an ~lternati~g_curre?t motor the COI11- NIKOLA TESLA. 
bmatlOn WIth energlzmg COlIs adapted to he > 

connected with an external circuit of cores of r -Witnesses: 
different magnetic susceptibility so as to ex- GEO. N. ]HONRO, 
hibit differences of magnetic phase under the I A. P A'fTERSON. 
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UNITED . ST A TES PATENT OFFICE.· 

NIKOLA'l'ESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECT.RIC 
COMPANY, OF SAME PLACE. 

ALTERNATING MOTOR. 

SPECIFICATION forming part of Letters Patent No. 555,190, dated February 25,1896. 

Application filed May 15,1888, Serial No, 273,993. (No mode],) 

To all whom it 71'/;ay concerT,/;: 
Ee it known that I, NIKOLA TESLA, a citi

zen of the United States, residing at New 
York, in the county and State of New York, 

5 have invented certain new and useful Im
provements in Electromagnetic Motors, of 
which the following is a specification, refer
ence being had to the drawings accompany
ing and forming a part of the same. 

10 In former patents granted to me-notably, 
Patents Nos. 381,968 and 382,280, of May 1, 
1888-1 have :"hown and described a system 
for the electrical transmission of power char
acterized by the following particulars: The 

I 5 motor contains independent energizing-cir
cuits and the generator has corresponding in
duced or current-generating circuits which 
are connected by independent line-circuits 
with those of the motor, the said circuits be-

20 ing independent in the sense only that the 
distinctive relations of the currents produced, 
transmitted and utilized in each are preserved 
to produce their proper conjoint effect. The 
disposition of the generator coils 01' circuits 

25 is such that the currents developed therein 
and transmitted therefrom to the motor will 
have a certain difference of phase-for ex
ample, so that the maximum periods of the 
currents generated in one of such circuits co-

30 incide with the minimum periods of the cur
rents produced in the other circuit, and the 
corresponding energizing-circuits of the mo
tor are so arranged that the two CUl'l'ents co
operate to effect a progressive shifting of the 

35 magnetic poles or the points of maximum 
magnetic effect in the motor, in conseqnence 
of which a rotation of its movable element is 
maintain ed. . 

My present invention pertains to this sys-
40 tem of electrical .transmission of power, its 

novel and distinguishing feature, however, 
being a special means for generating or pro
ducing in the two motor-circuits the alter
nating current necessary fol' the operation of 

45 the motor, for while in the instances referred 
to I produce both currents directly by a mag
neto-electric machine in the present instance 
I generate or produce in but one of the cir
cuits of the motor directly an alternating cur-

50 rent, and by means of such cUl'l'ent induce 
in the other energizing-motor circuit the other 

alternating current necessary for its opera
ation. 

When the two currents are both produced 
in the magneto-electric machine, it will be 0 b- 55 
served that the two line or transmitting cir
cuits will of necessit.y extend the entire dis
tance from the generator to the motor; but 
by the plan herein provided one line-circuit 
only is required, as the circuit from the gen- 60 
erator and the other are brought int,o induct-
i ve relation to each other in the motor itself. 

The following is illustrative of a means by 
which I secure this result. in accordance with 
my present invention: I employ as a motor, 65 
for example, a subdivided annularfield-mag
net within which is mounted a suitable arma
ture, as a cylinder or disk, wound with two 
coils at right angles, each of which forms a 
closed circuit. On opposite sides of the an- 70 
nular field-magnet I wind two coils of insu
lated wire of a size adapted to carry the cur
rent from the generator. Over these coils, or 
close to them, in any of the we1l-understood 
ways, I wind secondary coils. I also wind on 75 
the annular field-magnet midway between 
the first-mentioned coils a pail' of coils which 
I connect up in circuit with the secondary 
coils. 

The last pair of coils I make of finer wire 80 
than the main or line and secondary coils, and 
with a greater number of convolutions, that 
they may have a greater relatiye magnetizing 
effect than either of the others. 

Ey connecting up the main coils in circuit 85 
with a generator of alternating currents, the 
armature of the motor will be rotated. I have 
assumed that this action is explained by the 
following theory: A current-impulse on the 
line passing through the main coils establishes 90 
the magnetic poles of the annular field-mag
net at points midway between said coils; but 
this impulse produces in the secondary coils 
a current differing in phase from the first, 
which, circulating through the second pair of 95 
energizing-coils, tends to establish the pole at 
points ninety degrees removed from their first 
position, with the result of producing a move
ment 01' shifting of the poles in obedience to 
the combined magnetizing effect of the two 100 

sets of coils. This shifting, continued by each 
successive current-impulse, establishes ,,,hat 



2 555,190 

maybe termed a" rotary e1Iort," and operates 
to maintain the armature in rotation. 

In the dra;wings annexed I haye shown, in 
Figure 1, an alternating- current generator 

5 connected with a motor shown diagrammati
cally and constructed in acconlance with my 
invention, and in Fig. 2 a c1iagram of a mo(li
fied form of motor. 

A designates any ol'llinHr,Y form of itlter-
10 nating-current generator, and B B the line

'wires for connecting the same with the motor. 
C is the annular fielc1-magnet of the motor. 
D D are two main coils wound on opposite 

sides of the ring 01' annular field and eon
I5 nected up with the line and having a tend-' 

ellCY to magllify the ring C with opposite poles 
midway between the two coils. 

E E are two other magnetizing-coils wound 
midway bet,,'een the coils D D, but having a 

20 stronger magnetizing influence for a clUTent 
of giYen strength than coils D D. 

F F are the secondary coils, which are as
sociated with the main coils D D. 'rhey are 
in eircuits which inclnde the coils E E, 1'e-

25 spectiYely, the connections being made in' 
such order that currents induced in coils F 
and circulating in coils E will act in opposi
tion to those in coils E in so far only as the lo
cation of the magnetic poles in the ring C is 

30 concerned. 
The arJUat11l'e lIlay be of allY of the forms 

usec1 by me in my alternating-current system, 
amI is shown as ,yound ,v[tIl two closed coils 
G II at right angles to each other. 

35 In order to prolong the magnetizing effect 
of the induced ClllTents in producing a shift
ing of the poles, I have cal'l'ied the principle 
of the construction exhihited in Fig, 1 fm
ther, thereby obtaining a stronger and better 

40 rotary elTed. 
Hefel'l'ing to Fig. 2, C is anaunulat'field

magnet having three pairs Ol' oppositely-lo
cated sets of polar projections K I~]\I. Upon 
one pail' of these projections, as K, the main 

45 energizing-coil::; D arewouud. Ovel'theso:tre 
wound the ::;ecomlary coils K On the next 
polar projections L L are wound the secoml 
energizing-coils 11', which al'e in circuit with 
coils E. Tertiary-induced coils E' are then 

50 wound ovor the coils F, and on the remaining 
polar projections 1\1 the thinl energizing-coils 
F' are wound and c0l111eetetl up in the circuit 
of the tertiary coils R'. 

The cylindrical 01' disk armature core N in 
55 this motor has polar projections womid with 

coils 0, forming closed circuits. JlIyobject 
in constructing the motor in thif,; way is to 
effect more perfoctly the shifting of the points 
of maximulll magnetic effect. For, assuming 

60 the operation of the motor to be due to the 
action aboye set forth, the first effect of a 
current-impulse in this 11101,01' will be to mag
netize the pole-pieces K K; but the current 
thereby inducell in coils E magnetizes the 

65 pole-pieces L, and the current induced in turll 
in coils E' magnetizes the pole-pieces M, The 
pole-pieces are not magnetized, at least to 

theie full extent, simultaneously by thi::; 
means; but there is enough of a retanlation 
01' delay to produce a rotary ciIect 01' influ- 70 

ence npon the armature. The application of 
this principle is not limited to the special 
forms of motor herein shown, as any of the 
double-circuit alternating-current motors in
vented by me and described in fOl'Iller I~etten, 75 
Patent to me may be adaptetI to the same 
purpose. 

This invention, moreover, is not limited to 
the specific means herein shown for inducing 
in one energizing-circuit of the motor the cur- So 
rents necessary for co-operating with the pri
mary cUl'l'ent of the generator for proclncillg 
the progressive shifting of the poles or poillts 
of maximum magnetic effect. 

I believe that I am the first to 1l1'0lIucc any 85 
kind of a motor adapted to be operated hy 
altel'nat.illg currents and chamctcl'izelI by any 
arl'al1geIllent of independent circuit::; brought 
into inductiye relation so as to produce a ro
tary effort 01' effect due to the conjoint action 90 
of alternating CUlTents from a source of fiUp
ply in one of the motor-circuits and alternnt
ing cU1'1'ents inc1ucctl by the Jirst-llHmecl Cl\l'
rents in the other circuit, amI LltifO without 
reference to the specific character 01' ltl'l'allgo- 95 
ment of the saiel two circuits in the IllotOI'. 

"\Vhat I therefore claim as myiuvention ifO-
1. In an electromagnetic motor, the comhi

nation ofimlepemlellt energizing-circnits, one 
adapted to be connected with a source of al- 100 

ternatillg current, the other arranged in in
dncti\'c relation to the saiLl first cil'cuit where-
by the motor will be opcl'ated by the reslllt-
ant action of the two circuits, as ::;ot forth. 

g. The combination in an electromagnetic 105 

motor, \vith an alternating coil 01' comlnctor 
and a closed-circuit conductor in indneiiHl 
relation thereto, of an al'mature mOllnted ::;0 

as to be within the field proClnce(l by the coil 
and closed conductor, as set forth, 110 

3, The combination in an electl'01llagndie 
motor, with energizing - coil::; ac1aptetl to 1m 
connectell wUh the generator of induced coils 
and independent energizing-coils in circuit 
therewith and ml'ange<1 to prodllcea sltifli liP; I 15 

ll10yelllent of the points of maximum lllag
netic effect of the motor, as set forth. 

4. The combination in an elcctromagnetic 
motor of a series of imlepemlent energizing
coils 01' sets of coils amI in(lucelI coils wOUlHl 120 

on all the energizing-coils 01' sets of coils lmt 
the la::;t of the series, the fU'fOt encrgizing-coil 
01' set of coil::; being included in circuit "'iLh 
a generator and each succeelling energizing-
coil 01' set of coils being in circuit with the i11- 125 

c1nced coils of the next pl'ecec1ing enCl'giziJlg
coils of the series. 

5. In a system for the electrical tl'HllSllli::;
SiOll of power the combination of an alternat
ing-current generator, a motor with an ellCl'- 130 
gizing coil or coils connected with the gOIl
orat.or, seconc1ary coils in inductive relation 
to said energizing-coils, and energizing-coil::; 
in circuit; therewith arranged ill substantially 
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the manner set forth to produce a movement 
or rotation of the points of maximum mag
netic effect of the motor, as set forth. 

6. In an electromagnetic motor the combi-
5 nation of indepencl ent energizing-circuits, one 

for connection with a source of alternating 
currents, the other in inductive relation to the 
first, whereby a rotary movement or projec
tion of the field-poles will be produced by the 

conjoint action of the two and an armature 10 

mounted within the influence of the field pro
duced by the energizing-circuits and contain
ing closed coils or circuits, as set forth. 

NIKOLA TESLA. 
"Witnesses: 

ROBT. F. GAYLORD, 
FRANK E. HARTLEY. 
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To all Wh071'b it may concern: 
Be it known that I, NIKOLA TESLA, a citizen 

of the United States, residing at New York, 
in the county and State of New York, have 

5 invented certain new and useful Improve
ments in Electrical Condensers, of which the 
following is a specification, reference being 
had to the drawings accompanying and form
ing a part of the same. 

[0 It has heretofore been announced and dem
onstrated by me that, under ordinary condi
tions, the efficiency of an electrical condenser 
is greatly increased by the excl usion of air or 
gaseous matter in general from the dielectric. 

15 In a patent granted to me December 8, 1891, 
No. 464,667, I have shown and described a 
convenient and practicable means of accom
plishing this result by immersing the con
ducting-plates or armatures of the condenser 

20 in an insulating fiuid, such as oil. 
:My present invention, while based upon 

this important feature of the practically com
plete exclusion of air or gas from the dielec
tric, is an improvement on the forms of con-

25 denser heretofore described and used by me. 
According to my present invention I em

ploy an electrolyte, or, in general, a conduct
ing liquid in lieu of a solid, as the material 
for the armatures of the condenser, under 

30 conditions more fully hereinafter described, 
whereby air or gas will be practically pre
vented from exercising upon the condenser 
or the more active portions of the same the 
detrimental effects present in such devices as 

35 heretofore made. Such condensers are es
pecially advantageous when used with cir
cuits of great rates of electrical vibration be
cause of the high conducting capacity of s1;lch 
fiuids for currents of this character. There 

40 is, however, a general advantage derived 
from the fact that the conducting fiuids have 
a high specific heat, so that the temperature 
remains constant, a condition in many cases 
highly advantageous and not met with in 

45 condensers of ordinary construction. 
In the accompanying drawings, annexed 

in illustration of the mannm'in which my im
provement is or may be carried into practice, 
Figure 1 is a view, partly in vertical section, 

50 of a condenser constructed in accordance with 
the invention. Fig. 2 is a part verticaJ sec
tion of a modified form of such condenser. 

A designates a jar or receptacle partly 01' 
wholly of conducting material and provided 
with a closely-fitting cap or cover B, prefer- 55 
ably of insulating material. Within this re
ceptacle is a smaller jar or vessel C, of insu
lating material, containing a conducting-elec
trode D, supported by the cover B, through 
which passes a suitable terminal E, which 60 

may be incased in an insulating-plug P. The 
spaces within the jars or receptacles are nearly 
filled with a condllcting liquid F G, such as a 
saline solution, the two bodies of such liquid 
in the inner and outer receptacles constitut- 65 
ing the condenser - armatures. Above the 
conducting solution in each of the receptacles 
is poured a layer of oil L or other inSUlating 
liquid, which serves to prevent access of ail' 
to the highly-charged armatures. The ter- 70 
minals for the two armatures may be pro
vided in variollS ways,but in sllch forms of 
condenser as that illustrated I prefer to util-
ize the conducting portion of the outer recep
tacle as one term inal, securing a binding-post 75 
to the same, as at H, and to employ an elec
trode D of suitably-extended surface im
mersed in the liquid of the inner receptacle 
and in electrical connection with the binding
post E. It is desirable "in some cases to mod- 80 
ify the construction of the condenser, as when 
a larger capacity is required. In such in
stances, in order to secure the substantial 
benefits of the improvement above deseribed, 
I construct the instrument as shown jn Fig. 2. 85 
In this case I employ a jar or receptacle A 
which is preferably used also as one terminal 
and filled with a conducting liquid, as before. 
Into the latter extends _a series of connected 
conductors K, inclosed and fully insulated 90 
from the liquid by a coat.ing of such material 
as gutta-percha R. These conductors are 
electrically joined to a terminal E, which ex
tends up through the cover B, and constitute 
one of the armatures of the condenser. On 95 
the surface of the electrolyte or conducting 
liquid is poured a quantity of oil L, for the 
purpose above stated. While I have illus
trated the invention in its preferred form for 
general practical purposes, it will be under- 100 

stood that without departure from the inven
tion its construction may be greatly varied 
and modified. 

What I claim is-
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1. In an oleotric eom1ensOl' eonsil'l1etod 01' 
providod with means for the oxelusioll of ail' 
and gas, and an armature eOll1posed of a eon
c1l1cting liquid as heroin set forth. 

5 2. A eonc1ense1' eomprising as ill'matures 
two bodies of eonc1ueting liquid eleetl'ieally 
ilisulatoc1 and eontailloc1 in a reeoptaele from 
w11ieh ail' anc1 gas are exeluc1ed. 

3. A e011(1enser comprising two boc1ios of 
10 conc1ueting liquid eleetrieally insulatod and 

containoc1 ill a l'ccoptaelo, and a seal of inslL
lating liquic1 on tho sl1l'fnees of tho liquid, as 
sot fOl'th. 

In testimony whereof I have hereunto set 
my hand this 15th clay of Juno, ISDG. 

NIKOLA TESLA. 
·Wit.nessos: 

DRURY 'Y. COOPER, 
1\1. LA "''{SON DYER. 
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To nU wlionv it mny concern: pose a device or devices in the nature of a 
Beit known that I, NIKOLA TEsLA, a citizen choking-coil in order to give to the circuit a 

of the United States, residing at New York, high self-induction. I also provide a circuit- 55 
in the county and State of New York, have in- controller of any proper character that may 

5 vented certain new and useful Improvements be operated to make and break said circuit. 
in Apparatus for the Production of Electric Around the break or point of interruption I 
Currents of High Freqnency and Potential, place a condenser or condensers to store the· 
of which the following is a specification, ref- energy of the discharge-current, and in a 10- 60 
erence being had to the dra'wings accompany- cal circuit and in series with such condenser 

10 ing and forming a part of the same. I place the primary of a transformer, the sec-
The invention which forms the subject of ondary of which t11ell becomes the source of 

my present application is embodied in an im- the currents of high frequency. It will be 
provement on an electrical apparatus in- apparent from a consideration of the condi- 65 
vented by me and described in prior I~etters tions involved that were the cendenser to be 

IS Patent, notably in United States Patents No. directly charged by the current from the 
462,418, dated November 3, 1801, and No. source and then discharged into the working 
454,622, dated June 23, ISHl. This apparatus circuit a very large capacity would ordinarily 
W;1S devised for the purpose of conYel'ting be required, but by the above arrangement 70 
and supplying elect,rical energy in a form the cnrrent of high electromotive force which 

20 suited for the production of certain novel is induced at each break of the main circuit 
electrical phenomena which req uire curren ts furnishes the proper current for charging the 
of higher frequency and potential than can condenser, which may therefore be small and 
readily or even possibly be developed by gen- inexpensi yeo Moreover, it will be observed 75 
erators of the ordinary types or by snch me- that :,;ince the self-induction of the circuit 

25 chanical appliances as were theretofore through which the condenser discharges, as 
known. The apparatus, as a w hole, in volves welLas the capacity of the condenser itself, 
means for utilizing the intermittent or oscil- may be given practically any desired value, 
lating discharge of the accumulated electrical the frequency of the discharge-current may 80 
energy of a condenser or a circuit possess- be adjusted at will. 

30 ing capacity in what may be designated the The object sought in this invention may be 
"working" circuit, or that which contains the realized by specifically different arrange
translating devices or those which are oper- ments of apparatus, butin the drawings hereto 

. ated by such currents. annexed I have ill ustrate'd forms which are 85 
The object of my present improvements is I typical of the best and most practicable means 

35 to provide a simple, compact, and effective for carrying out the invention of which I am 
apparatus for producing these effects, but at present aware. 
adapted more particularly for direct applica- Figure 1 is a diagrammatic illustration of 
tion to and use with existing circuits carry- the apparatus, and Fig. 2 a modification of 90 
ing direct currents, such as the ordinary mu- the same. 

40 nicipal incandescent-lighting circuits. The Referring to Fig. 1, A designates any source 
way in which I accomplish this, so as to meet of direct current. In any branch of the cir
the requirements of practical and economical cuit from said source, such, for example, as 
operation under the conditions present, will would be formed by the conductors A" A" 95 
be understood from a general description of from the mains A' and the conductors K K, 

45 the apparatus which I have devised. In any are placed self-induction or choking coils B 
given circuit, which for present purposes may B and a circuit - controller C. This latter 
be considered as conveying direct currents may be an ordinary metallic disk or cylinder 
or those of substantially the character of di- with teeth or separated segments D DEE, of 100 

Tect or continuous currents and which for which one or more pairs, as E E, diametrically 
50 general purposes of illustration may be as- opposite, are integral or in electrical contact 

sumed to be a branch or derived circuit across with the body of the cylinder, so that when 
the mains from any ordinary source, I inter- the controller is in the position in which the 
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two brushes F Ii' lJear upon two of said seg
ments E E the circuit through the choking
coils 13 will be closed. The segments D Dare 
insnlated, and while shown in the drawings 

5 as of substantially the same length of arc as 
the segments E E this latter relation may lJe 
varied at will to regulate the periods of charg
ing and discharging. 

The controller C is designed to be rotated 
10 by any proper device, such, for example, as 

an electromagnetic motor, as shown in Fig.2, 
recei ving ClllTent either from the main source 
or elsewheI·e. Around the controller C, 01' in 
general in parallel 'therewith, is a condenser 

15 H, and in series with the latter the primary 
K of a transformer, the secondary L of which 
constitutes the source of the ClllTents of high 
frequency which may be applied to many 
useful purposes, as for electric illnmination, 

20 the operation of Crooke's tnbes, or the pro
duct.ion of high vacua. 
. 1/ inc1icates\he circnit fI:0111 the secomlary, 
,yhich may be regarded as the working circuit. 

A more convenient aud simplified arl'Hnge-
25 ment of the apparatns is shown in Fig. 2. In 

this case the small motor G; which chives the 
controller, has its field-coils in c1eriyation to 
the main circuit, and the controller C and 
condenser II are in parallel in the field-cir-

30 cuit between the two coils. In sueh case the 
field-coils lU take the place of the chokin'g
coils B. In this arrangement., and in fact 
generally, it is preferable to usc two con
densers 01' a condenser in two parts and to 

35 armnge the pl'imm'Y coil of the transformel' 
between them. The interruptions of the 
field-eircuit of the moto]' should be so rapid 
as to permit ouly a partial demagnetization 
of the cores. These latter, however, should in 

40 this specific arrangement be laminated. 
The apparatus, as will now be seen, com

prises, as essential elemonts, choking-coils, a 
circuit - controller, means for rotating the 
same, a conl1enser, and a transformer. These 

45 elements may be mechanically associated in 
any conyenient and oompact for 111 , but so far 
as their geneml arrangement and relations 
are ooncerned I prefor the relative disp0si
tion illllstmtec1, mainly beca usc, by reason of 

50 their sylllmetl'ical arrangement in the cir
cuit, the liability of injUl'y to the insulation of 
any of the devices is reduced to a minimum. 

I do not mean to imply by the terllls em
ployed in describing my improvements that 

55 I limit myself to the usc of the lwecise de
yiees commonly designated by sllCh terms. 

For instance, the choking-coil as a distincti ye 
device may be wholly disp~nsed with, pro
vided the circuit in which it must otherwise 
he placed have a sufficiently high self-indllc- Go 
tion produced in other ways. So, too, the ne
cessity of a condenser, strictly speaking, is 
avoided when the circuit itself possesses suf
ficient capacity to accomplish the desirec1l'o-
snIt. 65 

lIa ving now II escribed my in yen Lion al1ll 
the manner in which the same is or may bo 
carried into practical etIect, "hat I claim is-

1. The apparatus herein described for COll
yorting direct currents into cunents of high 70 

frequency, comprising in combination a cir
cuit of high self-induction, a circuit-contI'ol
leI' adapted to make and break snoh circuit, 
a condenser into which the said oirouit dis
charges when intel'l'upted, and a t;mnsforlllcl' 75 

through the primary of which the comlensel' 
discharges as set forth. 

~. '}'11e combination of a sourco of direct 
current and a circuit therefrolll, choking-coils 
in said circuit, means for making and broak- 80 
ing the ciI'cuit through said coils, a, condenser 
around the point of intel'l'uption in tho saill 
circuit and a transforlller having jt,s primary 
in circuit with the condenser as sot forth. 

3. The combination with a oircuit of high 85 
self - induction and means for makillg and 
breaking tho same, of a condensor around the 
point of interruption in the said oircnit, HJl(l 
a transformer the primary of which is ill tho 
condensel'-circuit as desoribed. 90 

'1. The combination with a circuit of llireeL 
ourrent and haying a high self-induction, of 
a cirouit-controller for lllaking and breakillg 
said cirouit, a motor for driving tho control
ler, a condens~r in a circuit conneotcd 'with 95 
the first around the point of interruption 
therein, and a transformer the primary of 
which is in circuit with the condenser as set 
forth. 

5. The combination ,yith a circuit of direct 100 

cUlTent, a controllel' for making Hud break-
ing the same, a motor having its iicld-mag
nots in said circuit and driving the said COll
troller, a condenser connected with tho Cil'
cuit around the point of intelTuption thorein 105 

and a transformer the primary of which is in 
circuit with the COl1l1enHOl' aH set forth. 

NIKOLA TESLA. 
'Witnesses: 

EmnN D. IIOT'E.IKSO:,{, 
M. LAI"SON DYER 
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To all WhOn-b it 7nay conOern: _ 
Be it known that I, NIKOLA TESLA, a citi

zen of the United States, residing at New 
York, in the county and State of New York, 

5 have invented certain new and useful Im
provements in Apparatus. for Producing 
Ozone, of which the following isa specifica
tion, reference being had to the drawings ac
companying and forming a part of the same. 

10 The invent.ion subject of my present appli
cation has primarily as its object to provide 
a simple, cheap, and effective apparatus for· 
the production of ozone or such gases as are 
obtained by the action of high-tension elec-

15 trical discharges, although in the application 
to such purposes of the apparatus heretofore 
invented by me and designed for the produc
tion of electric curren ts of high frequency aud 
potential I have made certain improvements 

20 in such apparatus itself which are novel and 
useful·in other and inore general applications 
of the same. I ha ve heretofore shown and de
scribed, notably in Patents No.462,418, dated 
Noyember 3, 1891, and No. 454,622, dated 

25 June 23, 1891, an apparatus devised for the 
purpose of converting and supplying elec
t,dcal energy in a form suited for the produc
tion of (lertain novel electrical phenomena 
which require currents of higher frequency 

30 and potential than can readily or even possi
- bly be developed by generators of the ordi

nary types or by·such mechanical appliances 
ai? were theretofore known. . This apparatus 
involved means for utilizing the intermittent 

35 or oscillating discharge of the accumulated 
electrical energy of a condenser or a circuit 
possessing capacity in what may be desig
nated the" working" circuit or that which 
contains the translating devices or means for 

40 utilizing snch cl1rrents. In my present im
provement I have utilized appliances of this 
general character under conditions and in 
combination with certain instrnmentalities, 
hereinlJ,fter described, which enable me to pro-

45 duce, without difficulty and at very slight ex
pense, ozone· in. any desired quantities. ~ 
would state the apparatus which I have de
vised for this purpos~ is capable of other and 
highly important uses of a similar nature, 

So but for purposes of the present case I deem 
it sufficient to describe its operation and ef-

fects when used fOr the purpose of generat
ing ozone. 

In the accompanying drawings, illustrative 
of t.he principle of construction and mode of 5~ 
operation of my improvement, Figure 1 is a 
diagrammatic illustration of the. invention i 
and Fig. 2,: a view, partly in side elevation 
and partly in section, of the apparatus as I 
construct it for practical use. 60 

The device hereinafter described is espe
cially designed for direct /ipplication to and 
use with existing circuits c,arrying' direct cur
rents, such as the ordinary municipal incan-
descent-lighting circuits. . . 65 

Let A B designate the terminals from any : 
given circuit of this character. In such cir
cuit I connect up an electromagnetic motor 
o in any of the usual ways. That is to say, 
the coils of the field and armature may be in 70 
series or derivatiou or wholly independent, 
and eithet' or both are connected up in the 
circuit. In the present instance one termi
mil, as B, is connected to one of the binding
posts, from which the circuit is led through 75 
one field-coil,D, t.he brushes and commutator 
E, the other field-coil, F, and thenc~ to a 
brush G, which rests upou.1circuit-controller 
II, consisting in general of a Mnducting disk 
or cylinder with insulatingcsections in its pe- 80 
riphery. The other terminal, as 'A, connects 
with a second brush K, bearing on the con
troller, so that the current which passes 
through and operates the motor is period
ically inferrupted. For this reason the iron 85 
cores of the motor should be laminated. 
Around the controller is forined IJ,circuitof 
low· self-induction, which includes a con-·· 
denser L and the primary M of a t.ransformer. 
The circuit. including the motor is of rela- 90 
tively high self-induction, and this property 
is imparted to it by the coils of the motor, or, 
when these are not sufficie:nt, by the addition 
of suitable choking-coils, so that at each 
break of the motor-circuit a current of high 95 
electromotive force will be developed·' for 
charging the condenser, which may therefore 
be small and inexpensive. The condenser 
discharges through the circuit whiCh -.is com~ 
pleted through the brushes G K and the con- 100 

troller II, aIid since the self-induction of this 
circuit, as well as the capacity of the con-
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denser itself, may be given practically any 
desired value the frequency of the discharge
current may be adjusted at will. The poten
tialof the high-frequency discharge-current 

5 is raised by a secondary coil N in inductive 
relation to the primary M, The conductors 
of such secondary circuit are, connected to 
two insulated conducting-plates p, P, and 
when the apparatus is in operation a dis-

10 charge in the form of streams will be main
tained between such plates, as indicated by 
:the wavy lines in the figure.s. 'If air be forced 
between the plates P during this discharge, 
the effectiveness of the apparatus is increased 

15 and ozone is generated in large quautities. 
, In order to secure this result, I inclose the 
said plates P P in a casing R of any proper 
description, through which a cnrrent of air 
is maintained by a fan S, mounted OJ! the 

29 shaft of the motor. 
This apparatus may be constructed and 

combined i'n veryeompact form and small 
compass. Its operation involves but a small 
expenditure of energy, while it requiresprac-

25 tically no care or attention for the continued 
production of ozone in unlimited amount. 

What I claim as my invention is-
1. The combination with a circuit of direct 

currents,of a controllerfor making and break-
30 ing the same, a motor incl uded in or conn'ected' 

with said circuit so as to increase its' self-in
duction, and driving the said controller~ a 
condenser in a circuit around the controller, 
and a transformer through the primary of 

35 which the condenser discharges, as set forth. 
2. 'l'he combination with a circuit of direct 

currents,of a controller for making and break
ing the same, a series-wound motor having' 
its coils included in said circuit and driving 

40 the said controller, a condenser connected 
with the circuit around the point of interrup
tion therein, and a transformer, the primary 
of which is in the discharge-circuit of the 
condenser, as set forth. , 

45 3. A device for producing ozon.e c~mprising 
in combination,surfaces between which an 

electrical discharge takes place, a transformer 
for producing the potential necessary for sucb 
discharge, a condenseI.' in the primary circuit 
of the transformer, a charging· circuit, means 50 
for charging the condenser by such circuit 
and discharging it through the primary of 
the transformer, and a device for maintain
jng a current of air between the discharge-
surfaces, as set forth. 55 

4. A device for prod ucing ozone comprising 
in combination, surfaces between which an 
electrical discqarge takes place, a transformer 
for 'producing the potential necessary for such 
discharge, a condenser in the primary eircuit 60 
of the tranSformer, a charging-circuit, means 
for charging the condenser by such circuit' 
and discharging ~t through the, primary of 
the transformer, a motor operated by the 
charging-circuit, and a device operated there- 65 
by for maintaining a current of air between 
the discharge-surfaces, as set forth. 

5. Adevicefor producing ozone comprising 
in combination, surfa~es between which an 
electrical discharge takes place, a transformer 70 
for producing the potential necessary for such 
discharge, a condenser in the primary circuit 
ot the transformer, a charging-circuit, a cir
cuit-controller effecting the charging and dis
charging of the condenser,and a fan-motor 75 
connected with the charging-circuit and OPe 
erating the circuit-controller and adapted to 
maintain a current of air between the dis-
charge-surfaces, as set forth. _ 

6. A device for prod uc;ling ozone comprising 80 
incoillbination, means for charging a con- ' 
denser, a circuit of low self-induction and re
sistance intowhi~h the condenser discharges, 
a (Joil for raising t,he potential of such dis
charge, and means for passing a current of 85 
air through the high-potential discharge, as 
set forth. ' 

NIKOLA TESLA. 
Witnesses: 

DRURY W. OOOPER, 
M.' LAWSON DYER. 
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To [btl whom it may concerT/;: troller for alternately connecting the con" 
Be it known that I, NIKOLA TESLA, a citi- denser with the circuit by which it is charged 

zen of the United Statoo, residing at New and with that into which it discharges, and 55 
York, in the county and State of New York, with a primary of a transformer in the lat-

5 have invented certain new and useful Im- tel' circuit having its secondary in that which 
provements in :Methods of Regulating Appa- contains the devices operated by the current. 
ratus for Producing Currents of High Fl'e- To this system or combination the inven
quency, of which the following is a specifica- tion, subject of my present application, per- 60 

tion, reference being had to the drawings ac- tains, and has for its object to provide a 
to companying and forming a part of the same. proper and economical means of regulation 

In previous patents and applications Ihave therefor. 
shown and described a method of and appa- It is well known that every electric circuit, 
ratus for generating electric currents of high provided its ohmic resistance does not exceed 65 
frequency suitable for the production of va- certain definite limits, has a period of vi bra-

15 rious novel phenomena, such as illumination tion of its own analogous to the period of vi-
by means of vacuum-tubes, the production bration of a weighted spring. In order to al-
of ozone, Roentgen shadows, and other pur- ternately charge a given circuit of this char
poses. The special apparatus of this char- acter by periodic impulses impressed upon it 7c 
acter which I have devised for use with cir- and to discharge it most effectively, the fre-

zo cuits carrying currents inthe nature of those. quencyof the impressed impulses should bear 
classed as direct, or such as are generally ob- a definite relation to the frequency of vi bra
tainable from the ordinary circuits used intibn possessed by the circuit itself. More
municipal systems of incandescent lighting, over, for like reasons the period or vibration 75 
is based upon the following principles: of the discharge-circuit should bear a similar 

z5 The energy of the direct-current supply is relation to the impressed impulses or the 
periodically directed into and stored in a cir- period of the charging-circuit. vVhen the 
cuit of relatively high self-induction, and in conditions are snch that the general law of 
such form is employed to charge a condenser harmonic vibrations is followed, the circuits 80 
or circuit of capacity, which, in turn, is are said to be in resonance or in electromag" 

30 caused to discharge throngh a circuit of low netic synchronism, and this condition I have 
self-induction containing means whereby the found in my system to be highly advanta" 
intermittent current of discharge is raised to geons. Hence in practice I adjust the elec
the potential necessary for producing any de- tdcal constants of t.he circuits so that in nor- 85 
sired effect. mal operation this condition of resonance is 

35 Considering the conditions necessary for approximately attained. To accomplish this, 
the attainment of these results, there will the number of impulses of current directed 
be found, as the essential elements of the into the charging-circuit per unit time is 
system, the supply-circuit, from which the made equal to the period of the charging-cir- 90 
periodic impulses are obtained, and what cuit itself, or, generally, to a harmonic there-

40 may be regarded as the local circuits, com- of, and the same relations are maintained 
prising the circuit of high self-induction for between the charging and discharge circuit. 
charging the condenser and the circnit of Any departure from this condition will re
low self-induction into which the condenser suIt in a decreased ontput, and this fact I 95 
discharges and which itself may constitute take advantage of in regulating such output 

45 the working circuit, or that containing the by varying the frequencies of the impulses 
devices for utilizing the current, 01' may be or vibrations in the several circuits. 
inductively related to a secondary circuit Inasmuch as the period of any given cir-
which constitutes the working circuit proper. cuit depends npon the relations of its resist- 100 

These several circuits, it will be understood, ance,self-illdllction, and capacity, a variation 
So l11.ay be more or less interconnected; but for of anyone or 1110re of these may result in a 

purposes of illustration they may be regarded variation in its period. There are therefore 
as practically distinct, with a circuit-con- . various ways in which the frequencies of 
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vibration of the several circlli ts in the system 
referred to may be varied, but the most prac
ticable and efficient ways of accomplishing 
the desired result are the following: (a) vary-

5 ing the rate of the impressed impulses of cur
rent" or those which are directed from the 
source of supply into the c1unging-circuit, as 
by varying the speed of the commutator 01' 

othercircuit-contl'oller; (b) yarying the self-
10 induction of the charging-circuit; (c) vary

ing the self-induction or capacity of the dis
charge-circuit. 

To regulato the output of a single cil'cuit 
which has no yibration of its own by merely 

IS yarying its period would evidently require, 
for any extended range of regulation, a yery 
wide range of variation of pel'iod; but in the 
system descl'ibed a YOl'Y wide range of regu
lation of the output may be obtained by a 

20 very slight change of the frequency of one of 
the circuits when the above-men Honed rules 
are observed. 

In illusteation of my invention I have 
shown by cliagrams in the accompanying 

25 drawings some of the more practicable means 
for carrying out the same. The figures, as 
Btated, al'e diagrammatic illustrations of the 
system in its typical forlll provided with reg
ulating deyices of different specific charac-

30 tel'. These diagrams will be described in de
tail in theil' order. 

In each of the figures, A 13 designate the 
conductors of a supply-circuit of continuous 
current; C, a motor connected therewith in 

35 any of the usual ways and driving a current
controller D, ,,'hich serves to alternately close 
the supply - circuit through the motor or 
through a self-induction coil E and to con
nect such motor-circuit with a condenser F, 

40 the circuit of which contains a primary coil 
G, in proximity to which is a secondary coil 
II, serving as the source of supply to the work
ing circuit, 01' that in "which are connected up 
the devices K K for utilizing the current. 

45 The circuit-controller, it may be stated, is 
any device which "will permit of a periodic 
charging of the condenser F by the energy of 
the snpply-circuit and its discharging into 
a circuit of low self-induction snpplying di-

50 rect.ly or indirect,ly the translating devices. 
Inaslll uch as the source of supply is generally 
of low potential, it is undesirable to charge 
the condenser directly therefrom, as a con
denser of largc capacity "will in snch cases be 

55 required. I therefore employ a motor of high 
self-induction, 01' in place of 01' in addition to 
such motor a choking or self-induction coil 
E, to store up the energy of the supply-cur
rent directed into it and to deliver it in the 

60 form of a high-potential discharge when its 
circuit is interrupted and connectell to the 
terminals of the condellser. 

In order to secnre the greatest efficiency in 
a system of this kind, it is essential, as I have 

65 before stated, that the circuits, which, mainly 
as a matter of convenience, I have designated 
as the" charging" and the" discharge" cir-

cuitB, shoulc1 be approximately in resonance 
or electromagnetic synchronism. Moreoycl', 
in order to obtain the greatest output from a 70 
gh-en apparatus of this kind, it is desil'able 
to maint,ain as high a frequency as possible. 

The electrical conc1itions, which are lIOW 
"\Yell nnclerstoo(l, having been adjusted to se
cure, as far as practical considerations will 75 
permit, these results, I eileci, the regnlation 
of the system by adjusting its elements so as 
to depart in a greater or less degree from the 
aboye conditions with a cOITesponcling Yal'ia
tion of output. For example, as in Fignre 1, 80 
I may vary the speed of the motor, and COll
sequently of the controller, in any suitable 
manner, as by means of a rheostat L in n 
shunt to such motor or by shifting t,l1e posi
tion of the brllshes on tIle main commutator 85 
JU of the motor or otherwise. A yery slight 
variation in this respect" by distl11'bing the 
relations between the rate of in11)resse(l im
pulses aml the vibra1,ion of the circui1, of high 
self-induction into which theyal'e directed, 90 
causes a marked departure from the COll(U

tion of resonance and a eOl'l'espomling reduc
tion in the amount of energy deliyered by tlle 
impressed impulses to the apparatus. 

1\. similar result may be securell by lllo(li- 95 
fying any of the constants ofthe local cireuits, 
as above indicated. For example, in Fig. :.? 
the choking-coil E is shown as proyic1ed with 
an adjustable core N, by the movement of 
which into aml out of the coil the self,imluc- ICO 

tiOll, and consequently the period of the cil'
cuit containing such coil, may be varied. 

As an example of the way in which the dis
charge-circnit, 01' that into which the COll

denser discharges, may be moc1ifiell to pro- 105 

dl1ce the same result I have shol'm in Fig. 3 
an adjustable self-induction coil R in the cir
cuit with the condenser, by the adjustment 
of which the period of vibration of such cir-
cuit may be change(l. 110 

The same result would be secured by \"atT-
ing the capacity of the condenser; but if the 
condenser ,,'ere of relatively large capacity 
this might be an objectionable plan, and n 
more practicable method is to employ a vari- I IS 
able condenser in the secondary 01' working 
circuit, as show11 in Fig. 4. As the potential 
in this circuit is raised to a high degree, a 
condenser of very small capacity may be Clll

ployec1, and if the two circuits, primary aml 120 

secondary, are very intimately and dosely 
connected the variation of capacity ill the 
secondary is similar in its effects to the vari
ation of the capacity of the condcnser in tho 
primary. I have illuBtrated as a means well I25 

adapted for this purpose two metallic plates 
S S, adjustable to and from each other aml 
constituting the two armatures of the con
denser. 

I have confined the description herein to I30 

a source of supply of direct current, as to 
such the inventio111110l'e particularly applies, 
but it will be understood that if the system 
be supplied by periodic impnlBes from 111lY 
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source which will effect the same results the 
regulation of the system may be effected by 
the method herein described, and this my 
claims are intended to include. 

5 What I claim is-
1. The method of regulating the energy de

livered by a system for the production of high
frequency currents and comprising a supply
circuit, a condenser, a circuit through which 

10 the same discharges and means for control
ling the charging of the condenser by the sup
ply-circuit and the discharging of the same, 
the said method consisting in varying the re
lations of the frequencies of the impulses in 

IS the circuits comprising the system,as set 
forth. 

2. The method of regulating the energy de
livered by a system for the production of high
frequency currents comprising a supply-cir-

20 cnit of direct currents, a condenser adapted 
to be charged by t,he supply-circuit and to 

discharge through another circuit, the said 
method consisting in varying the frequency 
of the impulses of current from the supply-
circuit, as set forth. 25 

3. The method of producing and regulating 
electric currents of high frequency which con
sists in directing impulses from a supply-cir
cuit into a charging-circuit of high self-in
duction, charging a condenser by the accu- 30 
mulated energy of such charging-circuit, dis
charging the condenser through a circuit of 
low self-induction, mising the potential of 
the condenser discharge and varying the re
lations of the frequencies of the electrical 35 
impulses in the said circuits, as herein set 
forth. 

NIKOLA TESLA. 
'Witnesses: 

JYI. LAWSON DYER, 
DRURY vV. COOPER. 
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To all wh07n it n1Jay concern: 
Be it known thatI, NIKOLA TEsLA, a citizen 

of the United States, residing at New York, 
in the county and St,ate of Ne\v York, have in-

5 vented certain new and useful Improvements 
in Methods of and Apparatus for Producirig 
Currents of High Freqnency, of which the fol
lowing is a specification, reference being had 
to the drawings accompanying and forming 

IO a part of the same. 
The apparatus for producing electrical 

currents of very high frequency in which 
, is embodied the invention of my present 
11 application involves as Us chief element 
: [5 means forthe periodic charging of a condenser 

or circuit possessillg capacity by the energy 
of a given sonrce and the discharge of the 
same through a circuit of low self-induction, 
whereby the rapid succession of impulses 

20 characteristic of a condenser discharge under 
snch circumstances is made available for 
many practical and useful purposes. 

The general arrangement of circuits and 
apparatus which I prefer for ordinary appli-

25 cations of this invent·ion I have shown and de
scribed in an application filed bymeApril22, 
I8DG, Serial No. 588,534, as comprising a local 
circuit of high self-inductiollconnected with 
a source of s:npply, a condenser, a discharge-

30 circuit of low self-induction, and a circnit
eont,roller operating to alternately effect the 
charging of the eondenser by 1,he energy 
stored in the circuit of high self-induetion 
and itsc1iseharge through that of low self-

35 induetion. I have shown, how~ver, in the 
applieat-ion referred to as the souree of sup
ply a continuous - eurrent generator, or in 
general a source of direct cUl'1'ents, and while 
the principle of operation and the general 

40 character of the apparatus remain the same 
whether the eurrent of the source be direct 
or alternating, yet, the economical utilization 
of the latter in vol ves certain special principles 
and "appliances which it is my present object 

45 to illustrate as the basis for the elaims of in
vention made herein. 

When the potential of the SOl1l'ce periodic
ally rises and falls, whether with reversals 
or not is immaterial, it is essential to eeo-

50 nomiealoperation that the intervals of inter
ruption of the charging-current should bear 
a definite time relation to the period of the 

currell t, in order that the effecti \Te potential 
of the impulses charging the condenser may 
be as high as possible. I therefore provide, 55 
in case an alternating or equivalent electro
lllotive force be employed as the source of 
supply, a cireuit-controller which will inter
rupt the charging-circuit at instants prede
termined with reference to the variations of 6c 
potential therein. The most practieable 
means for aecomplishing this of whieh I am 
awal;e is to employ a synchronous motor con
nected with the SOl1l'ce of supply and operat
ing a circuit-eontroller which interrupts the 65 
charging-current at or about the instant of 
highest potential of each wave and permits 
the condenser to diseharge the energy stored 
in it through its appropriate circuit. This 
apparatus, \yhich may be considered as typi- 70 

cal of the means employed for carrying out 
the invention, I have illustrated in the ac
eompanying drawings. 

The figures are diagrammatic illustrations 
of the system in i'1lightly-modified forms, and 75 
will be described in detail in their order. 

Referring to Figure 1, A designates any 
source of alternating or equivalent current, 
from whieh lead off mains A' A'. At any 
point where it is desired to produce the high- 80 
frequeney eurrents a branch circuit B is taken-- _____ 
off from the mains, and in order to raise the 
potential of the current a transformer is em
ployed, representeel by the primary C and 
secondary D. The eireuit of the secondary 85 
incl udes the energizing-coils of a synchro
nous motor E and a circuit-eon troller, which, 
in the present im;tance, in Fig. 1 is shown as 
composed of a metal disk F with insulated 
segments F' in its periphery and fixed to the 90 
shaft of 'the motor. An insulating-arm G, 
stationary with respect to the motor-shaft 
and adjustable with reference to the poles of 
the fixed magnets, carries two brushes H H, 
which bear upon the periphery of the disk. 95 
"Vith the parts thus arranged the secondary 
eireuit is completed through the coils of the 
motor whenever the two brushes rest upon 
the l1ninsulated segments of the disk and in
terrupted through the motor at other times. 100 

Such a motor, if properly constructed, in well
understood ways, maintains very exact syn
chronism with the alterations of the source, 
and the arm G may therefore be adjusted to 
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interrupt thc curren t at any determined point 
ill its waves. It will be unclorstooc1 that by 
the propcr relations of insulated and con
ducting' segments and the motor-poles the 

5 current may be interrupted twice in each 
complete wave at or abont the points of high
est potentia1. The self-induction of the cir
cuit containing: the motor and controller 
should be higb, and the motor itself will 

10 usnally be constrncted in snch manner that 
no other self-induction device wmbe needed. 
rrhe energy stored in this circuit is utilized 
at each break therein to charge a condenser 
K. \Vit·h this object the terminals of the 

IS condenser are connected to the two brushes 
II II or to points of the circuit adjacent there
to, so that when the circuit through the mo
tor is interrupted the terminals of the 11l0tor
circuit will be connected \dth the condenser, 

20 whereby the latter will receive the high-po
tential indnctive disc]mrge from the motor 
01' secondary (-ircuit. 

The condenser discharges into a circllit of 
low self-induction, one terminal of which is 

:?5 connected (lirectly t.o a condcnser-terminal 
and the other to the brush II oPPoRite to that 
connected with the other condenser-terminal, 
so that the discharge-circuit of the condcnser 
will bc completed simultaneously with the 

30 motor-circuit and interrnptec1 while the mo
tor-circuit is broken and the condenser being 
charged. 

Thc discharge-circuit contains a primary 
M of a few turns, and this inc1 nces in a soc-

35 ondary N imllulses of high potential, which 
by reason of their great frequency are avail
able for the operation of vacuum-tubes P, 
siugle terminal-lamps Ii, and other novel and 
useful purposes. 

40 It is OhYiOliS that the supply-current need 
not be altemating, provided it be cOTlYorted 
or tmnsfol"llled into an alternating currcnt 
lJofore reaching the controllel·. For example, 
tlle present improvemcnts are applicable to 

45 varions forms of rotary transformers, as is 
illustrated in Figs. 2 and 3. 

E' designates a continuous-current motor, 
here represented as having foul' lield-poles 
wound with coils E" in shunt to the armature. 

50 The line-\yires B H cOllnect with the hrushes 
b b, bearing on the nsual commutator. 

On an extension of the motOl'-shaft is a cir
cuit-controller composed of a crlim1Cl' the sur
face of which is di vided into four condncting-

5S segments c awl fonr inslllnting-segmcntH (Z, 
the former beillg diametrically connected in 
pairs, as sho\y1l in Fig. 8. 

Through the shaft l"l1ll two insulated COll
dnctors e e from any two comll1utntor-scg-

6c meuts ninet.y degrees apart,aml these connect 
with the two pairs of segmeuts c, rcspectiyely. 
\Yith snch arrangelllell t it is eyic1ent that any 
two adjacent segments c c become the termi
nals of an alternating-current source, so that 

65 if two brushes II II be applied to the periphery 
of the cylinder they will takc off current dur-

ing such portion of the wave as the width of 
segmenti and position of the brl1shes lllay dc
terminG. By adjusting the position of the 
brushes re]at.ively to the cylinder, therefore, 
the alternating current delivered to the Reg
mellts c c ma.y be interrupted at any point in 
its waves. 

\Vhile the brushes H II are on the conduct
ing-segments the current which they collect 
stores energy in a circuit of high sclf-induc
tion formed by the wires f ;-; self-imluctioll 
coils S S, the cond nctors B B, the bruRhes, 
HULl commutator. \Vhen this circuit is il1t01"
ruptedbythe brushes II II passing onto the iu
sula.ting-segments of the controller, the high
potential discharge of this circuit charges the 
condensers1\: 1\:,whic11 then diflchargethrollgh 
the cil"cuit of low self-imlnctioll containillg 
the primary M. The sccondary circuit N con
tains any deYiccs, as P Ii,for utilizing the CUt·

rent. 
The mechanical constmction of the oi rcuit

controller may be greatly varied, and in other 
respects the dctails shown and describcd are 
merely given as typical illustratiolls or the 
nature and purpose of the iu\'entioll. 

What I claim is-
1. The method herein c1escrilJed of prolhw

iug electric currents of high fre(Inency, "which 
consists in gcnerating an alternating currcnt, 
charging a condenser thereby during deter
minate intervals of each wave of said cllrrent, 
and discharging the condenser through a cir
cuit of low self-induction, as hcrein set £01·t1l. I 

2. The combination with a sourcc of alter
nating c nrren t, a c011(lenscr, a cirCll it-con kol
ler adapte(l to direct the current dllrillg de
tcrminate inten'als of each wave into the COI1-
denser for charging the same, alld a circu it of I 

low self-induction into which tllO con(]ellSCl' 
disc]uLI'ges, as sct forth. 

3. The combination with It sourcc of altel"
nating cnrrent,a synchronons motor opcmtell 
thercby, a circuit-controller openLted hy tho I 

motor and adapted to intelTupt the circuit 
through the motor at determinate points in 
each wave, a condenser connected with the 
motor-circuit and adapted on the interruption 
of the same to receive the energy stored there- I 

in, anel a ci rcou it ill to which the conclellser (lis
charges, as sct forth. 

4. rrhe combination ,yitll a SOll1"ce of altel"
nating cnrrent, a charging-circuit in which 
thc energy of said CUlTellt is stored, a eircn it- I: 

controllcr adaptcd to interrupt the chnrging
circuit at determinate points in each waye, n 
con(1enser for receiYing, on the interruption 
of the charging-circuit, the energyaccl11l1u
latell therein,anll a circuit into whioh the COll- 12 

dellser dischargos when conneciecl tllCTe,rith 
by the circuit-cont.roller, as set forth. 

NIKOLA TESLA. 
\Yitnesses: 

.1\1. LA ,YSON D YEll, 
DllUBY \\T. COOPER 
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1'0 all whom.! it 7na!! concert/,: 
Be it known that I, NIKOLA 'rESLA, a citi

zen of the United States, residing at New 
York, in the county and State of New York, 

5 have invented certain new and useful Im
provements in Apparatus for Prod ucing Elec
trical Currents of High Frequency, of which 
the following is a specification, reference be
ing had to the drawings accompanying and 

10 forming a part of the same. 
This invention is an improvement in ap

paratus for producing elect,rical currents of 
high frequency in accordauce with the gen
eral plan heretofore invented and practiced 

IS by me and based upon the principle of charg
ing a condenser or circuit possessing capacity 
and discharging the same through a circuit 
of low self-induction, so that rapid electrical 
oscillations are obtained. To secure this re-

20 suIt, I employ some means for intermittently 
charging the condenser and for discharging 
it through the circuit of low self-induction; 
and among the means 'which I have hereto
fore employed for this purpose was a me-

25 chanical contact device which controlled both 
the charging and the discharge circuit in 
such manner that the condenser was alter
nately charged by the forlner and discharged 
into the latt,er. 

30 My present improvement consists in an ap
paratus for effecting the same result by the 
nse of a circuit-controller of special character 
in which the continuity of the paths for the 
current is established at intervals by the pas-

35 sage of sparks across a dielectric. 
In carrying out my present improvGment I. 

employ a circuit-controller containing two 
terminals or sets of terminals movable with 
respect to each other into and out of prox-

40 imity, and I provide means whereby the in
tervals between the periods of close approxi
mation, during which the spark passes, may 
be adjusted so that when used in a system 
snpplied by a source of alternating current 

45 the periods of make and break may be timed 
with reference to a phase of the current wave 
or impulse. 

Referring to the drawings, which illustrate 
in its preferred form the improvement above 

50 referred to, Figure 1 is a view, partly in ele
vation and partly in section, of a generator 
arranged to give an altel'l1ating current with 

the circuit-controller mounted on its shaft. 
Fig. 2 is a section of the controller of Fig. 1 
on line x x of said figure. Fig. 3 is a diagram 55 
illustrating the system or apparatus as a 
whole. Fig-s. 4 and 5 are sectional views of 
a modified form of circuit-controller. 

A designates in Fig. 1 a generator having 
a commutator A' .and brushes A" bearing 60 
thereon, and also collecting-rings B B, from 
which an alternating current is taken by 
brushes B' in the well-understood manner. 

The circuit-controller is mounted in part 
on an extension of the shaft C of the gener- 65 
ator, and in part on the frame of the same, 
or on a stationa,ry sleeve surrounding the 
shaft. Its construction in detail is as follows: 
D is a metal plate with a central hub D', which 
is keyed or clamped to the shaft C. 'fhe plate 70 
is formed with segI'nental extensions corre
sponding in number to the waves of cur
rent which the generator delivers. These 
segments are preferably cut away, leaving 
only rims or frames, to one of the radial sides 75 
of which are secured bent metal plates E, 
which serve as vanes to maintain a circula-
tion of air when the device is in operation. 
The segmental disk and vanes are contained 
within a close insulated box or case F, mount- 80 
ed on the bearing of the generator, or in any 
other proper way, but so as to be capable of 
angular adjustment around the shaft. To 
facilitate such adjustment, a screw-rod F', 
provided with a knob or handle, is shown as 85 
passing through the wall of the box. The 
latter may be adjusted by this rod, and Whell 
in propel' position may be held therein by 
screwing the rod down into a depression in 
the sleeve or bearing, as shown in Fig. 1. Air- 90 
passages G G are provided at opposite ends 
of the box, through which air is maintained 
in circulation by the action of the vanes. 
Through the sides of the box F and through 
insulating·gaskets II, when the material of 95 
the box is not a sufficiently good insulator, 
extend metallic terminal plugs K K, with 
their ends in the plane of the conducting 
segmental disk D and adjustab~e radially to
ward and from the edges of the segments. 100 

This or similar devices are employed to carry 
ont the invention above referred to ill! the 

. manner illustrated in Fig. 3. A in this'figure 
represents any source of alternating current 
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the potential of which is raised by a trans
former, of which a is the primary and 7J the 
secondary. The ends of the secondary cir
cuit S are connected to the terminal plugs K 

5 Ie of an apparatus similar to that of Figs. 1 
and 2 and having segments rotating in syn
chronism with the alternations of the current 
source, preferably, as above described, by 
being mounted on the shaft of the generator 

IO when the conditions so permit. The plugs 
K K are then adjusted radially, so as to ap
proach more or less the path of the outer 
edges of the segmental disk, and so that dur
ing the passage of each segment in front of 

J 5 a plug a spark will pass between them, which 
completes the secondary circuit S. The box 
or the support for the plugs leis adjusted an
gularly, so as to bring the plugs and segments 
into proximity at the desired instants with 

20 reference to any phase of the current-wave 
in the secondary circuit aud fixed in posi
tion in any proper manner. To the plugs 
K K are also connected the terminals of a con
denser or condensers L, so that at the instant 

25 of the rupture of the secondary circuit S by 
the cessation of the sparks the energy accu
mulated in such circuit will TllSh into and 
charge the condenser. A path of low se1£
induction and resistance, includinga primary 

30 M of a few turns, is provided to receive the 
discharge of the condenser, when the circuit 
S is again completed by the passage of sparks, 
the discharge being manifested as a sncces
sion of extremely rapid impulses. The po-

35 tential of these impulses may be raised by a 
secondary T, which constitutes the source of 
current for the working circuit or that con
tainingthe devices Rfor utilizing' thecnrrent. 

By means of this apparatus effects of a 
40 novel and useful character are obtainable, but 

to still further increase the efficiency of the 
discharge or working current I have in some 
instances provided a means for further break
ing up the individual sparks themselves. A 

45 device for this purpose is shown in Figs. 4 
and 5. The box or case F in these figures is 
fixedly secured to the frame or bearing of the 
generator or motor which rotates the circuit
controller in synchronism with the altern at-

50 ing source. ·Within said box is a disk D, fixed 
to the shaft C, with projections el' extending 

from its edge parallel with the axis of the 
shaft. A similar disk D" on a spindle el, in 
face of the first, is mounted in a bearing in 
the end of the box .F with a capability of 1'0- 55 
t,ary adjustment. The ends of the projec
tions el' are deeply serrated or several pins or 
narrow projections placed side by side, as 
shown in Fig. 4, so that as those of the oppo
site disks pass each other a rapid succession 60 
of sparks will pass from the projections of one 
disk to those of the other. 

vVhat I claim as my invention is-
1. The combination with a source of cur

rent, of a condenser adapted to be charged. 65 
thereby, a circuit into which the condenser 
discharges in a series of rapid impulses, and 
a circuit-controller for effecting the charging 
and discharge of said condenser, composed of 
conductors movable into and outof proximity 70 
with each other, whereby a spark may be 
maintained between them and the circuit 
closed thereby during determined intervals, 
as set forth. 

2. The combination with a source of altel'- 75 
nating current, of a condenser adapted to be 
charged thereby, a circuit into which the con
denser discharges in a series of rapid im
prllses, and a circuit-controller for effecting 
the charging and discharge of said condenser, 80 
composed of conductors movable into and out 
of proximity with each other in synchronism 
with the alternations of the sour-ce,as set forth. 

3. A circuit-controller for systems of the 
kind described, comprising in combination a 85 
pair of angulady-adjustable terminals and 
two or more rotating conductors mounted to 
pass in proximity to the said terminals, as 
set forth. 

4. A circuit-controller for systems of the 90 
kind described, comprising in combination 
two sets of conductors, one capable of rota
tion and the other of angular adjustment 
whereby they may be brought into and out of 
proximity to each other,at determinate points, 95 
and one or both being su bdivided so as to pre
sent a group of conducting-points,as set forth. 

NIKOLA TESLA. 
Witnesses: 

lYI. LAWSON DYER, 
DRURY W. COOPER. 
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To all Wh07Yb it 17'UaU concern: 
Be it known that I, NIKOLA TESLA, a citi

zen of the United States, residing al; New 
York, in the county and State of New YOl"k, 

5 have invented certain new and useful Im
provements in Apparatns fOl' Producing Elec
tric Currents of High Frequency, of which 
the following is a specification, reference be
ing had to the drawings accompanying and 

I'J fOl'ming a part of the same. 
The apparatus for converting electric cur

ren ts of ordinary character in to those of high 
frequency, 'which I have heretofore S]lO,Yll 

and described in applications for I~etters 
15 Patent, has usually comprised a conc1ellsel' 

and a circuit-controller operated by a suit
able motive device and acting to alternately 
charge the condenser from a suitable source 
of supply and discharge it through a cil'cuit 

20 of such character as to render the discharge 
one of very high frequency. For nmny 
purposes it has been found ad vantageons 
to constrnct the circuit-controller 'with in
sulating and conducting segments of equal 

25 length, so that the condenser is connected 
with its discharge-circuit dming one-half of 
the time only. It follows from this that the 
working circuit, or that in which the high
frequency eurrents are developed in form for 

30 practical application, receives such currents 
c1Ul'ing only one-half the time. 

For certain purposes it is desirable for 
economical operation that there should be no 
cessation of the flow of such currents, and my 

35 present improvements have been devised with 
t,he object of increasing the output of a given 
apparatus by providing means by which, 
without material additions to or complication 
of such apparatus, high-frequency currents 

40 may be produced thereby continuously or 
without periods of rest. 

Broadly stated, the improvement consists 
in the combination of two condensers ,yith a 
circuit-controller of such character and so 

45 operated by a single motive device as to 
charge and discharge said condensers alter
nately, whereby one will be discharging while 
the other is being charged, and conversely. 

In the drawings hereto annexed, Figure 1 
50 is a diagrammatic illustration of the arrange

nient and circuit connections of the inven
tion. Fig. 2 is a sectional view of a part of 

the commutator employed; and Fig. 3 is a 
diagram similar to that of Fig. 1, illustrative 
of a modified embodiment of the invention. 55 

Let A B designate the two conductors of 
any circuit from which the energy is derived 
that is to be cOllYerted into a current of high 
frequency. 

C is a cil'cnH cOlltrollel' or commutator, n 60 
portion only for COllYellience being shown in 
tho figures. It is designed to be rotate(l by 
any snitable motive cleYice, of which, how
eyer, the shaft D only is shown, and its plan 
of construetion is as follows: 65 

The lotters c c' c1esigw,te two metal heads 
or castings ,yith projecting portions (Z d', 
which, when the two heads are brought to
gether and secured to a hub or shaft, inter-
mesh, as shown in the drawings. 70 

'rhe spacos between two adjacont projec
tions or bars d d' are equal in are to the width 
of one of said bars and [tre filled in wit.h blocks 
e, preforably of metal, insnlated from the othor 
conducting portions of the device. By the 75 
interposition of mica or other suitable insu
lating material the 1\yo heads or castings c c' 
are insulated from each other. Upon the pe
l'iphel'yof this commutator bear three hrushes 
G G' II, the t,,·o former resting npon the con- 80 
tinuous motallic portions of the two heads, re
spectiYoly, tho latter bcing in position to bear 
upon tho projections (Z ell and blocks e alter
nately. 

In order that the brushes may be capable 85 
of carrying any eul'rent ,\'hich the operation 
of the apparatus may demand, they are made 
of large cross-section, the brush I-I being ap
proximately eq nal in width to one of the pro
jections or segmonts cZ el', or to the spaco be- 90 
tween adjacent sogments, so that in passing 
from Ol1e it comes into contact with the next. 

The brush II is connected to the main J3 
through a primary coil K of low self-induc
tion in inductive relation to a secondary L, 95 
which constitutes the ultimate source of the 
current of high frequellcy which the appara-
tus is designed to develop and which feeds a 
circuit containing vaCUUll1- tubes lU, single 
terminal lamps JU', or other suitable devices. 100 

The brushes G G' are connected with the main 
J3 through condensers N N', respectively, and 
to the main A through self-induction or chok-
ing coils 0 0', these latter being used in order 
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that the inductive discharge of the accumu
lated energy therein may be taken ad van tage 
of in charging t,he condensers. 

The operation of the apparatus thus de-
5 scribed is as fo11o\vs: By the rotation of the 

cOl11mutator C the bl'l1sh I-I is caused to pass 
over the projections el, closing the circllits 
through the primary Ie and the two condens
ers alternately. These two circuits are so ad-

10 jnsted as to have the same capacity, self-in
duction, and resistance. ,Vhen said brush is 
in electrical connection with any projection 
el' from the part e', the circuit is closed be
tween mains A and B throu.gIl coil 0', brush 

15 G', brush II, and coil K. Energy is there
fore accumulated in the coil 0'. At the same 
time the condenser N' is short - circuited 
through the brush G', brush I-I, and coil K, 
and discharges through this circuit, the en-

20 ergy stored in it, the discharge being in the 
form of a series of impulses which induce 
in the secondary L corresponding impulses 
of high potential. ,Vhen brush I-I breaks the 
circuit throngh coil 0', the high-potential c1is-

25 charge or" kick" from the latter rushes into 
and recharges the condenser N', but as soon 
as the brush I-I has passed over the interven
ing block e and reached the next segment cl 
it doses the circuit through coil 0 and shol't-

30 circuits the condenser N, so that high-fl'e
quency currents from either one or the other 
of the two condensers are flowing through the 
primary Ie practically without interruption. 
Thus without increasing the size or power of 

.15 the motive device or compJicating in any ma
terial clegree the commutator these devices are 
made to perform double duty and the output 
of the apparatus as a whole greatly increased. 
In Fig. 3 I have illustrated a modified form of 

40 commutator for this apparatus, which com
prises a disk E, of metal, but insulated from 
its shaft. The periphery of this disk is di
vided in to cond ncting and insula ted segment.s 
by the insertion therein of insulated 111etal 

4S blocks f. The circumferential width of these 
blocks is three t.imes that of the conducting
segmentsf'. A brush F bears upon a con
tinuous metnllic portion of t.he disk or upon a 
con tin uous ring in electrical connection with 

50 the segments/, and is connected with one ter-

minalof the primary K. Brushes F' F" bear 
upon the periphery of the disk E and arc con
nected to the main B through the two con
densers, respectively. These brushes are ca
pable of angular adjustment, so that they lllay 55 
be set to bear upon the disk at any two de
sired points. 

From the explanation of the operation al
ready given it is evident that when the two 
brushes F' F" are set so that one leaves a seg- 60 
mentf' at the instant that t.he other comes 
in contact with a segment/, the effcct in 
charging and discharging the cOnc1enGOl'S is 
the same as in the prcvions instance. The 
capability of varying t.he relations of the 65 
brushes, however, which this form possesses 
has the achnlltage of permitting not only an 
altel'l1ate charging anel discharge of the COI1-
densers, but 1heir simultaneons chal"ging and 
discharge in multiple arc, ·whereby the fl'e- 70 
quency of the current of discharge is reduced. 

It is also evident that all phase differences 
in the charging and discharging of the con
densers nuty in like manllel" be secnrell and 
the freqnency varied within "wide limits. Of 75 
course the same motor and circnit-controller 
might be made to charge more than two C011-

densers in succession and to c1ischnrge them 
in the same order. 

,Vhat I clnim is- 80 
1. The combinntion with a source of elec

tric energy, of a plurality of condellseJ"s and 
a disclmrge-circuit therefor, a motive device 
and n circnit-controller operated thcreby amI 
adapted to direct the energy of the SOllrce 85 
into the condensers and cOllned them with 
the c1ischarge-circllit successively and in al
ternation, as set fortll. 

:2. The combination with it SOUL'ce of elec
tric encrgy, of a motive device, t\\'O comlells- 90 
el's, a circuit-controller ac1apted to dil'oct the 
energy of the source alternately into the said 
condellsers, and a discharge-circuit through 
which, by the operation of said circuit-con
troller one condonser discharges while the 95 
other is being charged, as set forth. 

NIKOLA TEST~A. 
,Vit,nesses: 

]H. LA \VSO~ DYER, 
DRURY W. COOPER 
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1'0 all Wh07J1J it 11uay concerru: 
Be it known that I, NIKOLA TEsLA, a citi

zen of the United States, residing at New York, 
in the count.y and State of New York, have 

5 invented certain new and useful Improve
me~lts in the Manufacture of Electrical Con
densers, Coils, and Similar Devices, of which 
the following is a specification, reference be
ing had to the drawing which accompanies 

10 and forms a part of the same. 
My invention isan improvement in the man

ufacture of electrical condensers, coils, and 
other devices of a similar character in which 
conductors designed to form paths for CHr-

IS rents of high potential are bronght into close 
proximity with each other. Among snch de
vices are included many forms of condensers, 
transformers, self-induction coils, rheostats, 
and the like. 

20 It has heretofore been shown by me that. the 
efficiency and practicability of such devices 
are very greatly enhanced by t.he exclusion 
of air or gas from the dielectric separating 
the conductors or remote portions of the same 

25 conductor; and the object of my present im
provement is to secure such exclusion of air 
in as perfect a manner as possible in a con
venient and practicable way. To this end I 
place the condenser or other device to be 

30 treated in a receptacle from which the air 
may be more or lei'S perfectly exhausted, anel 
while in vacuum I introduce an insulating 
substance, which liquefies when subjected to 
heat, such as paraffin, which surronnds the 

35 said device and finds its way into its inter
stices. 

"'iVhen the device has become thoroughly 
saturated with the insulating material, it is 
allowed to cool off usually until the material 

40 begins to solidify. Air is then admitted un
der pressure to the receptacle containing the 
device and the pressure maintained until the 
whole mass of insulating material has solidi
fied. By this treatment the presence of air 

45 or vacuous spaces in the dielectric, which are 
otherwise liable to form by the contraction 
of the insulating material when cooling, is 
prevented. 

Anyplan may be followed or apparatus llsed 
50 for securing the two conditions necessary to 

the attainment of the desired result; that is 
to say, applying the fluid insulating material 

in vacuum and subsequently subjecting it to 
or solidifying it under pressure. The degree 
of exhaustion or of pressure may vary, very 55 
good results being secured by a vacuum of 
about twenty-nine inches and a pressure of 
about one hundred pounds. It, may be stated, 
however, that when hydraulic pressure is ap
plied very mnch higher pressnres are readily 60 
secured and are of advantage. 

In order to facilitate the carrying out of the 
process, I have devised a simple and useful 
apparatus, which is illustrated partly in sec
tion in the accompanying dmwing. As the 65 
parts of said apparatus are all of well-known 
construction, the apparatus as a whole will 
be fully understoocl without a fnll descrip
tion of its details. 

A is a tank or receptacle that may be closed 70 
air-tight. Within this tank is a 6t.fu'UILocoil 
C, surrounding a vessel B, preferably with 
slightly-sloping sides and provided with a 
tube or pipe D, opening into it neal' its base. 

The condenser or other device to be treated 75 
is placed in the vessel B, and around the re
ceptacle is packed a suitable insulating ma
terial in quantity sufficient when liquefied by 
heat to flow through the pipe D into the ves-
sel B and fill the space in the latter up to the 80 
top of the condenser or other device placed 
therein. 

It is desirable to run into the pipe D enough 
melted material to fill it before using the ap
paratus and to make the pipe of a poor heat- 85 
conducting material, so that a little time will 
elapse after the heat is applied to lllelt the 
material in the tank A before the flow through 
the pipe begins. 

"When the appamtus has been thus p1'e- 90 

pared, the air from the interior of the tank A 
is withdrawn as completely as practicable by 
an air-pump E and steam is passed through the 
coil C. In order to prevent access of any of 
the volatile constituents of the insulating ma- 9j 
terial to the pump, a condenser F, with a cool
ing-coil G, is interposed in the piping between 
the tank and pump. After a partial vacuum 
has been secured in the tank A and the liq ue-
Hed insulating material has been run into the 100 

vessel B the pump lllay be stopped and the 
tank connected with a receiver H, from which 
the air has been exhausted, and the appara-
tus allowed to stand until all the interstices 
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of the condenser have been permeated with 
the insulating material. The steam is then 
shut off and cold water passed through the 
coil C. The connections with the pump are 

5 then reversed and air is forced into the tank 
and receiver IT and the further cooling and 
solidification of the insulating material car
ried on under a pressure considerably greater 
than that of the atmosphere. After the in-

ro sulating material has cooled and solidified 
the condenser or other device, with the adher
ing mass of insulating material, is removed 
from the receptacle and the superfluous in
sulating material taken off. 

15 I have found t.hat condensers, transformers, 
and similar apparatus treated by this proc
ess are of very superior quality and espe
cially suited for circuits which convey cur
rents of high frequency and potential. 

20 I am aware that conductors covered with a 
more or less porous material have been treated 
by placing them in a closed receptacle, ex
hausting the air from the receptacle, then in
troducing a fluid insulating compound and 

25 subject,ing the sallle to pressure, for the pur
pose of more perfectly incorporating the in
sulating compound with t.he surrounding 
coating or covering of the conductors and 
cansing such compound to enter the inte1'-

30 stices in said covering, and I apply this prin
ciple of exhaust.ing the air and introducing 
the fluid insulating compound under pres
sure in carrying out my improvement. My 

process, however, differs from the foregoing 
lllainly in this, that I seek not only to fill the 35 
pores of any porous material that may be in
terposed between the conducto]'s of such a 
device as a condenser or coil, but to fill up 
all the spaces in the dielectric, whereby ail' or 
vacuous spaces, the presence of which in thc 40 
dielectric is so deleterious to the device, may 
be effectually preventec1. To this end I per
mit the insulating compound after its incor
poration with the device, under exhaustion 
and pressure, to cool and solidify, so that not 45 
only is the air replaced by a soliel insulating 
compounc1, but the formation of vacuous 
spaces by the C011 traction of the mass on cool
ing prevented. 

What I claim is- 50 
The improvement in the manufactme of 

elect.rical devices such as condensers, which 
consists in inclosing the device in an air-tight 
receptacle, exJutusting the air from the re
ceptacle, introducing into a yessel containing 55 
the c1evice an insulating material renc1ered 
fluid by heat, and then when said material 
has permeatec1 the interstices of the said c1e
vice, subjecting the whole to pressure, and 
maintaining such pressl1l'o until the matorial Go 
has cooled and solidified, as set forth. 

NIl\: 0 LA TESLA. 

\Yitnesses: 
J\I. LAMSON DYER, 
PARKEH \Y. PAGE . 

. . ' 
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T" 1//1 /i';I:,:;1 it IIUII! ,'oJ/"('I"II: ratus is n. mattel' of very ('o!\sillcrable dim-
HI' it kllO\rll thaI, I,XIKOL.\ TESLA, adti- culty, hut I have accomplished it lIy means 

zen of I hI' I'll ilt,d :-;tal e:-;,I"('sitlin~ at X ew Y OI'k, of the appitratns which I shall llowproceed 55 
ill til(' (,'llllll,\' mill:-il;tle of Xc\\' Yoj'k, llll\'e in- to dCSC1'ibo bY'I'efCl'cnce to tIle dl"awings, 

5 Yentl,d {,('I'lain 11t'\\: all(l.useflllllllpl'O\'ellJ(~l\ts Fig'lli'e'l is 1\ sidc clenLtionof the appara-
- in _ \ ppil n~t us fOI; PI'()1 lllci IIg C,IlI'I'en ti;of lIi~h tus w hieh'I employ ;~l!ld Fi~, :! i:-; it diagram 

Frequellcy, of which thefollowiilg is spceili- of the cii'cuitconneetions; 
('a tion, l'e!'el'ell<:e \lCill~ Jtad~ot he dl'inl-ill.f,"S ' Refel'l'illgt6 Fig. J,A is It lwx or caSl~ COll- 60 
a(,(,()\lIpallyin~ ;\lld rot'ming a pal'! of 'the tainillg the con<lenscl-s; of wl1i~h the tel'llIi-

10 sallie, ," ']11Lls are ({ (llib, l'1'Speetin'ly. 'Oil this case 
Thc i1lventio1l IIp01l which my pI'cscnt ape is mounted a slIIall('iectl'omagnetic motor B, 

plication is 1Iasc(1 is lill illllll'OYclI1ellt in appa- hy the shaft (ifwhicli is opcmtc<1 t.he circnit
rat-lis roi' the eon\'el'sioll of ele('trieal ClIl'l'cnts controllel' C., Upon tliesall\ coutroller beat' 65 
of ol'llinary ehametel'-sllch,fol'instan(~e,: ~lS bl'llshes; asshowlt iit, IJ 0' 1>" n"', " 

1'5 are obtaiiwhiefl'omthe mains ofmulliCiplll F F arc self-imluet ion coils iIi aced beside 
(,led rie light <llld powel' systems andci,tlicrthe Illotm';' Ahove these is t l\(~ tl'allsfol'lIlcl', 
l'OlltilltlOtlS or altel'llating-inloeill'l'cnts ofcomposet1; essentially, ofa lH'iillary G ana a 
vel'y high freq nellcy illHl potl'n tial., SeCOlI(lal'\' n. The:-;e (Ie\' ices at'C' ill tenued to 70 

Thc imill'O\'('liH'llt is Hlil'li('ahlp gencmlly to uc iii closed in a suititlilc llOX Ol' case, and may 
20 apparatns of the kinll hm'('tofore inn1llted, hy he \'('I'Y ~I'catly modified· in constl'netioll and 

IIIC all 11'-1110 I'e pal'ticlllal;ly <!e:;cl'ibc(\ in t'niteu l'elatiYearrangclIlcnt., Thceil'(·uit-cont.rollcl', 
States Letter:'> Patcnt I-!I'antetl to IIIC Oli ~l'P- howeycl', should COliform ill I-!elieral l'yinei
tellll)el':!:!, ]S!II:, ~l', ;")1;::\,1;1;; but ill the tie, pIc of r:oIlSl\'llctiOIl to that hercinaftet' de-' 75 
f'el'il'tioll of titv ili\"<'~lItioll which ~ollo\\::'llhe sCI'ilJe<l in so fa I' as Iliay be nc('eSS:!l'.)' to se-

25 illllstmtion i,-; (:<'!1 !illl~<l to a [01'111 of Hl'pamtlls CUI'C lhe opemtioll poillte<l out. 
<lcsigllP<i 1'01' ('u\ly<'rtillg a contilllLOusor <Ii- l{e[et,i .. ing now to Fig, :!, LL designate the 
reel current into 0111' or highfrell'lcncy, In maillS fr01l1 a ~uitahle soul'ee of suppl,\', be
the seycral forms or apparatus for this pllr- twecn which a eil'cuit is 1'01'1111'11, indllding 80 
ll(ls!' whiell 1 haye deyi:-;ed and hCi'ctofol'c de- thcself-illdlletioll coils F F allli thc cil'l'uit-

3C :'..rih,'(l I ltaycl.'JIlployed acircllit ()f high sclf- eontl'Oller C, A ~wi1ch d may Le employed 
illtilll'tioll (:"nnccted with thclllains from a to bring either or Loth of thc coiis F Finto 
sllitald,' "'.HII'ce of CUl'rcnt anll cOlltainin~ this cil'('uit, as'lIIay be desire.!' 
sOllie fOI'm vf circuit-colltroller fOl' PCl'iOI1it:;' The circuit-controllcl' is imi'lt lip of inslI- 85 
ally illtel'l'llilting it, ' . .\l'OlIllt.1 the hl'eak or late(l plat,csor segments, upon whidl the posi-

35 point of inteLTll.ptionI llaye al'l'<lnged a con- ti\'c and lIcgati\'e hrushes l)eal'; aml-these 
litoW;CI', in to which the dl'cuit tlischai'ges whell plates llIay he cOllsidel'cd as bl'lollgingtothl'cc 
illtcrl'lIpteil, and this conuenser is in tUI'I1 set:-; Ol' classes, first, the plates III 1'01' what 
1II1Hle to dischargc thi'ollgh a elrcnit contain-' lIIay be considercd as the l)()siti\'o hi'Ushe& 90 
ing the primary of a transforlllel', amloC sHeh D 1>" ill one row, eledrically cOllliected to-

40 character that 'the eOlldenser-disehal'g(~ \\ ill gether, and thc corresl'omlillg platesn for 
hc in the form of an extl'cmely rapid sne!.'es- what lIlay silllila1'ly bc cOllsidel'ct! as the neg
sion of il1lPlllscs,. atiH! hrnshe8 1<: H' in thc ,other I'O,W; second, 

l\ow in ordcr to seClll'e in all appa1'lltlls (If thc l'iates ll , which lie in both rows, andhel.lee 95 
this kind as high fl'e([Uency as possilJh' all(l an' {'ollYenielltly made in singlo pieces ex-

45 the ad \":Ultnges' r<~8IlHing therefl'III1l I subdi- telHling aCl'OSS the contl'OllCl', and, third, thc 
yide the colltlensel' necessary fOl' stOl'ing the idle or spaelng plates 11, whil'h al'e interposed 
energy rC(lllircd into intl.'gmi parts 01' pro\'ide I in each I'OW betwe<?n the other two sets. The 
in,h-pemlclIt {'Oll(\enSl'I'S, alld Plllploy 111('<1118 ! allg:\(' lwt\\'(:en ad,lacent platcs of the same 100 

r .. 1' ,,!t;\l' .. ill:.!'snil[ CIlIllicIISCI'!" ill 1IIl111ipie-alld ' :'d is eqllal to the angle of ,displacement be-
SV d ;,,,·It;II'; IIi thelll ill ,.;nit,-" 1 II l'Ollg-1t t Ite pri" i 1 \\'l'l'n adjacent brushes of the sallie sign, amI 

:::;11\ "r t hI' t 1'lUlsfdl'III' 'I'. 'I'll .'<~I'll t,' tit i" 1'('- I 0 hy i,mslY there may hl' t \YO 01.' more of each. 
,.,II! i' \\ i 1 h .. 11 i ,111.1 lIl,\" ('( 1I11l" i":l t iii!:: 1.1", api'H- ! The l.n'ush D of one set is cOllllectcu with one 
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main through the coils F, and each one of the 1 The advantages rcsulting fi'olll thc sul)lli
brushes of the sallie set is connected to one yisioll of t.he condenscl' or thc ('Ill plOYIllCIl t of 

, of the terminals of the condensers 1\1 N, 1'e- a plurality of condensers a1'C maiuly that a 
sllcctiYely. Similarly thebrush E of the other ,high frequency is ohtai nablc in apphratus of 

5 set of brushes is connected to the opposite anysizc; that the t'lll'n'nt ofdisch:lI'gcthrough 55 
main and each of the brushes of said set. to the sliding contacts is gl'ea,tly reduce(l aml 
the opposite condenser terminals through the in.illl',Ytosuch contacts 1 herehy a \'oided au(l 
primary or strands of a· primary G. In thea great sayiug' il1wirc in the s'ecoll(lm'yef 
diagram, Fig. 2, Ihave shown but two brushes feeted, 

10 in each set and two condensers, bilt more . \Yhat Ielailll js....,-: 60 

In the position of. t.he, parts sllOwniri Fig, 'ot thc maillS from a SOUl'('C of l'lIl'J'(,lIt, and 

t.hallthis number may be used, the SaIllephull _L InHn apparatus of the kind flescril)(-,(l, 
of connectionsshownanddescl'ibcll being (111-:-,\I:,the, cOlllhinationwith a set I)f contacts, olle 
lowed out. '" .. , .. -'" .•.... <'c,. oLwhieh is adapted for connection with OIlC 

15 2, in which two i)osit.i"c and 1'."0 IH.'gath'e,.eaeh of which is cOlllledc(I to Olll' of Ihc tel'- 65 
hrushes are shown', the bhlshes are b('~U'ing Imina!:. of .a series of. eOn(lellsCl':-;, and a se<:
onylates lit 1n all,dn; It, • ,C~!lsequcli tl,Y.the ci I'~ I o III I ,~(~t of ('o!ltae.ts si III i lal'ly ('ollllcetyd to I he 
cUltthrollgh thecI)IIsI<.l<lsthl'Ough the,coll-j O')lposll<: malll and cOII(l(~llSel' ll'l'llIlllab, I'C
del1s~rs 1n J\Il11tiple,al\(l~ asslIliling that.e,lk'!, spt'c,tiYely, of. de(:tl'ically-e(llllIl'i-tcd plates 01' 

20 ergy has lJeens~oi:edjn':~id :i~oils,tliecon~ :segmellfs IlpOIlWhich thc cOlltads or the fil'st jO 
densers wiU,t1l1ishechal'gciL,< Ifnowhythc,~sct·· heal·,siniilal.'ly- COlll1l'cted platcs lIpilll 
movellieilt of. the{'i)iltrollcl~;:pl:itcs C)\'ul'ushes , whil.-h )1ic ,<Wilt ads of .t hc secolld sct lJea I', 
the lattcr lll'eshifted aCI;oss,hcidle,or:~spac- amI .. iSolaled lilates ('OllllllOn tOlhc two :-;ds 
i ng plates}l onto thelollg or cr0ss~colJlwcteuofc(llitacts, the sai(Il'latcs Iwing arl'all~('d in 

23 plates I) two results follow:.The mains are· thC,IlHlIlllCI' (lesel'ibN\, whel'eby thc eOll<kllS- 75 
short.-eil'cuited thl'ough the ('oibF 1", whieh ,CI'S will bealtpl'lIah-ly ehal'gell in HItl It iple 
thel'(~fore ~tol'e enel;gy, while th9 cOJ!d(insel's nllu (lisehaq,~ed in series, as set. forth, 
al'c conneeiec1 in series through thepl'illlal'y . ':!, In all apparatus of thc kind <1('s(,l'i1)(.'<I, 
eoil or coils (;, These a.,ctiolls arc rC}Jcilted thecollllJillationwithasetofpositiYchl'II:-;ltes, 

30 by the furthel', llloveliH'nt of the controlle,r,' one.of which is ;luapted fOl' connedi(J1l "'jlh 80 
thccolldenscl'sbeingeh:lI"geuinpara)),('lwhen one of. tlte maiJis frolll aso\ll'ce of ,(,III'I'elll, 
tlte h,l'llshes are on plaf('s ill n and discharged ,and eaeh of which is eOlllleelcd to onc of the 
ill sC'ries wllPn Ill<' hrushes pass 011 to plat.('s o. ,·1.ct'lll i IIIl 1s of a s'pJ'ies of ('onlll-'lls('rs, :111<1 II<'g:l

The motor llIay be run by an ilJdepen<lellt th-e bl'ushes similarly connceied to tlte 0Ppo-
35 SOlll'ce 'or bycUl'l'l'ntderi\'cd from the mains, site llIain and condenser tCI'lllillab, l'espec- 05 

au<llhe apparatus lIlay h,e employc(l to SIIP- ti\'cly, of a cylilluel' ('olllpost'd of l'ledl'ieally
ply CI1I'l'cnt fOl' all,\" Huitahle devices S'1', eon- connccte\l sl'gmcntsll}lou wIdell the lIositin~ 
lleetcd with the secolI(1al'Y eoillI. bl'ush('s only bCal', silllilal'ly-eollllectc(1 s(-'g.'-

As statel1 aho\"c, the :o;pecilic constrnction llIents upon which the lIegatin' l.H'lIShesollly 
40 of the circuit-eollll'ollet'may be \'ery grcatly ileal', all(1 isolated plates IIpOll \l'ltielt both 90 

varied wit 11011 t dCPlu'tlll'C fl'OIll the in ven tiOll, sels of hrllshes si Illull allco\\sly bea I', 1 he said 
In the drawillgs the plateR are assullled to he platcs l)cing alTallged in the llHlllller de
associated ill lhe form of a cylil1<ler wl1i('h , ~,wrih('d; whereby the ('olldellsers ,,,illlle a1lel'
re\'oln~s with ,'pspcci to l)J'lIshcs IJcaring' (111 lIately charged iu, lIIultiple aIH1 (lisehan!(>(1 ill 

45 it.s.p~I'iphcry; bllt it ~\'illl!e ulldel:stood IIwl I sel'icH, as Sl't forth, . 
1IlIs IS llIerely a tYJ!H:al IBust ratIOn of allY , 
fOI'1II oftCl'lllillals 01: contacts llll11 eOJl(luc-i 
tors,' whet llel' n>tal'Y 01' 'J'cei proca I j llg', whidl I 

«ollstitute a Cir'('llit-cOlltrollel'capallle of ef- ! 

::\IKOL.\ TE~L:\. 

50 feci ing tTIe salllc result: I 

Wit lIeSSl'S: 

::'If. LA ,,"sox. Dn:I:; 
Dl:l'l:Y \V, ('<lOPE!:, 
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UNITED STATES 'PAl-rENT OFFJICEo 

NIKOLA TESLA, OF NEW YORK, N. Y. 

ELECTRICAL TRANSFORMER. 

SPECIFICATION forming part of Letters Patent No. 593,138, dated November 2, 1897. 

Application filed. March 20,1897. Serial No. 628,453. (No mode1.) 

To all wTton?' it may concern: _ proximately one-quarter of the wave length 
Be it known that I, NIKOLA TESLA, a citi- of the electrical dist,urbance in the circuit in

zen of the United States, residing at New eluding the secondary coil, based on the ve- 55 
York, in the county and State of New York, locity of propagation of electrical distUl'b-

5 have invented certain new and useful Im- ances through such circuit, or, in general, of 
provements in Electrical Transformers, of such length that the potential at the terminal 
which the following is a specification, refer- of the secondary which is the more remote 
ence being had to the drawings accompany- from the primary shall be at its maximum. 60 

ing and forming a part of the same. In using these coils I connect one end of the 
10 The present application is based upon an secondary, or that in proximity to thepri

apparatus which I have devised and employed mary, to earth, and in order to more effectually 
for the purpose of developing electrical cur- provide against injury to persons or to the 
rents of high potential, which transformers ap'paratus I also connect it with the primary. 65 
or induction-coils constructed on the princi- In the accompanying drawings, Figure 1 is a 

15 pIes heretofore followed in the manufacture diagram illustrating the plan of winding and 
of such instruments are wholly incapable of connection which I employ in constructing 
producing or practically utilizing, at least my improved coils and the manner of using 
without serious liability of the destruction of them for the transmission of energy over long 70 
the apparatus itself and danger to persons distances. Fig. 2 is a side elevation, and Fig. 

20 approaching or handling it. 3 a side elevation and part section, of modi-
The improvement involves a novel form of fied forms of induction-coil made in accord-

transformer or induction-coil and a svstem ance with my invention.- -
for the transmission of electrical enCl:gy by A designates a core, which may be magnetic 75 
means of the same in which the energy of the when so desired. 

25 source is raised to a much higher potential B is the secondary coil, wound upon said 
for transmission over the line than has ever core in generally spiral form. 
been practically employed heretofore, and the C is the primary, which is wound around 
apparatus is constructed with reference to the in proximity to the secondary. One terminal 80 
production of such a potential and so as to of the latter will be at the center of the spiral 

30 be not only free from the danger of injury coil, and from this the current is taken to 
from the destruction of insulation, but safe line or for other purposes. The other termi
to handle. To this end I construct an induc- nal of the secondary is connected to earth 
tion-coil or transformer in which the primary and preferably also to the primary. . 85 
and secondary coils are wound or arranged vYhen two coils are used in a transmission 

35 in such lllanner that the convolutions of the system in which the currents are raised to a 
cond uctOl' of the la tter will be farther removed high potential and then reconverted to a lower 
frolll the primary as the liability of injury potential, the receiving-transformer will be 
from the effects of potential increases, the constructed and connected in the same man- 90 
terminal or point of highest potential being ner as the first-that is to say, the inner or cen-

40 the most remote, and so that between adja- tel' end of what corresponds to the secondary 
cent convolutions there shall be t,he least pos- of the first will be connected to line and the 
sible difference of potential. other end to earth and to the local drcuit or 

The type of coi(in which the last-named th'at which corresponds to the primary of the 95 
features are present is the fiat spiral, and this first. In such case also the line-wire should 

45 form I generally employ, winding the primary be supported in such manner as to avoid loss 
on t.he outside of the secondary and taking by the current jumping from line to objects 
off the current from the latter at the center in its vicinity and in contact with earth-as, 
or inner end of the spiral. I may depart from for example, by means of long insulators, 100 

or vary this form, however, in the particulars mounted, preferably, on llletal poles, so that 
50 hereinafter specified. in case of leakage from the line it will pass 

In constructing my improved transformers I harmlessly to earth. In Fig. 1, where such 
I employ a length of secondary which is ap- a system is illustrated, a dynamo G is con-
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veniently represented as supplying the pri
mary of the sending or "step-np" trans
former, and lamps II and motors K are shown 
as connected with the corresponding circuit 

5 of the receiving or" step-down" transformer. 
Instead of winding the coils in the form of 

a flat spiral the secondary may be wound on 
a support in the shape of a frnstum of a cone 
and the 11l'imary wound around its base, it,S 

JO shown in Fig. 2. 
In practice for appamtus designed for or

dinary usage tho coil is preferably constructed 
on the plan illustrated in Fig. 3. In this fig
ure L L are spools of insulating material upon 

IS which the secondary is wound-in the present 
case, howevcr, in two sections, so as to con
stituto really two secondit,rles. The primary 
C is a spirally-,voll11d flat strip sUlTounding 
both secondaries 13. 

20 The innor terminals of the socondaries a\'e 
led ont through tubes of insulating matorial 
]}I, while the other OJ' outside terminals are 
connected with the primary. 

The length of the secondary coil 13 or of 
25 each socondary coil when two are nsed, as in 

Fig. 8, is, as bofore statod, approximately 011e
quartor of the wavo longth of tho olectrical 
llisturbanco in the secondary circuit, based 
on tho velocity of pl'opagit,tion of the 810c-

30 trica1 disturbance through the coil itself and 
the cil'cnitwith whieh it is designcd. to be 
used-that is to say, if the rate at which a 
current traverses the circuit, including the 
coil, be ono hundred and eighty-five thousand 

35 miles pel' second, then it, freqnency of nine 
hundred and twenty-five pel' sccond would 
maintain nine hundred amI twenty-five sta
tionary waves in n circuit one hundred and 
eighty-the thousand miles long, and each 

40 waYe longth would be two hundred miles in 
length. For such a frequency I should uso a 
secondary fifty miles in longth, so that at one 
terminal the potential would be zero and at 
tho other maximum. 

45 Coils of the character herein described hit,ve 
several important a(lvantages. As the po
tential increases with the number of turns 
the difference of potential between adjacent 
tU1'l1S is cOlllpara,tively small, and hence a vcry 

50 high potential, impmcticable with ordinary 
ooils, may be succossfully maintaine<l. 

As the secon(lary is electrically cOllneete(l 
with the primary the latt~r will be at suu
stan tially the same poton tinl as the aclj HeOll L 
portions of the secondal'Y, so that tho1'o ,,,ill 55 
be no tendency for sparks to jump from olte 
to the other amI destroy the insulation. 
Moreover, as both primary and secondary are 
groun(led and the line-terminal of the ooil 
carried and proteoted to n poin t romote from 60 
the apparatus the danger of a clisclwrgo 
through the body of a person hHuc1ling orap
proaching the apparatus is rocl need to a lllini
mum. 

I am a\val'e that an induction-coil in the 65 
form of a flat spiral is not ill itsc1f 110W, aml 
this I do not claim; bnt 

\Yhat I claim as my invention is-
1. A trit,nsforme1' f01'(10Yelolling 01'C011V01't

ing Cllrrents of high potential, comprising a 70 
primary it,nd secondary coil, one terminal of' 
the secondary being electrically cOl1neded 
with the primary, and with mu·th whon the 
transfOl'lllel' is in use, as set forth. 

2. A transformer for dovoloping 01' eon VCl't.- 75 
ing cUl'l'ents of high potential, compl'isillg a 
primHry and seconcbl'ywonnd ill the forill of 
it, Hat spiral, the end of the socomb!'}" adja
cent to the p]'illlm'Y being oleetrically COll

nected therewith and with earth whell t.llC 80 
transforlller is ill uso, as set forth. 

3. A transformerfor doveloping 01' conI-ort
ing Cllrrents of high potcntial com pl'isillg a 
primary and sccondary wouml in the forJJl of 
n spiral, the secondary bcing insillc of, aJl(l 85 
surronnded by, the conyolutions of t.he pri
Illit,ry and having its adjacent torminal olce
trically connected therewith and with earth 
when the transformer is in use, as sot fort-h. 

4. In a system for the cOllYersio11 and tm.llS- 90 
mission of electrical energy, tho cOlllbillation 
of two transformers, one for raising, the othor 
for 10\yering, the l)otential of the cl11'1'onts, 
the said transformcrs having one torminal of' 
the longer 01' fine-wire coils conncete(l to lino, 95 
and the other terminals adjacent to tho 
shorter coils electl'ically CO]]n0ete<] t;llOl'e~yjLh 
and to the em·1.11, as set forth. 

NIKOT>A TESLA. 
-ow i tn ess es : 

]'1[. JjA wsox Dvm:, 
G. 'Y. J'lIAn'l'LJN"(i. 
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To all whom it may concern: 
Be it known that I, NIKOLA TEsLA, resid

ing at New York, ill the county and State of 
New York, have invented certain new and 

5 useful Improvements in Electrical- Circuit 
Controllers, of which the following is a speci
fication, reference being had to the drawings 
accompanying and forming a part of the same. 

In every form of electrical apparatus in-
10 volving a means for making and breaking, 

more or less abrnptly, a circuit a waste of en
ergy occurs during the periods of make or 
break, or both, d ne to the passage of the cur~ 
rent through an are formed between the re-

15 ceding or approaching terminals or contacts, 
or, more generally, through a path of high re
sistance. The-tendency of the current to per
sist after the actual disj unction or to precede 
the conjunction of the terminals exists in 

20 varying degrees in different forms of appa
ratus, accorc1ing to the special conditions 
present. For example, in the case of an 01'
c1inary induction- coil the tendency to the 
formation of an arc at the break is, as a rule, 

25 the greater, while in certain forms of appa
ratus I haveinventec1 in which thec1ischarge 
of a condenser is utilized this tendency is 
greatest at the instant immediately preced
ing the conjunction of the contacts of the cir-

30 cuit-controller which effects the (.l.ischarge of 
the condenser. 

The loss of energy occasioned by the causes 
mentioned may be very considerable and is 
generally snch as to greatly restrict the use of 

35 the circuit-controller and render impossible a_ 
practical and economical conversion of con
siderable amounts of electrical energy by its 
means, particularly in cases in which a high 
frequency of the makes and breaks is re-

4' quired, 
Extended experiment and investigation 

conducted with the aim of. discovering a 
means for avoiding the loss incident to the 
use of ordinary forms of circuit-controllers 

45 have, led me to recognize certain laws govern
ing the waste of energy and making it de
pendent chiefly on the velocity :with which 
the terminals approach and recede from one 
another and also more or less on the form of 

50 the current-wave. Briefly stated, from both 
_ theoretical considerations and practical ex
periment it appears that the loss of energy 

in any device for making and breaking a cir
cuit, other conditions being the same, is in
versely proportional rather to the sq nare than 55 
to the first power of the speed or relative ve
locityof the terminals in approaching and re
ceding from one another in an instance in 
which the current-curve is not so steep as to 
materially depart from one which may be 60 
represented by a sine function of the time; 
but such a case seldom obtains in practice. 
On the contrary, the current-curve resulting 
from a make and break is generally very 
steep and particularly so when, as in my sys- 65 
tern, the circuit-controller effects the charg
ing and discharging of a condenser, and con
sequently the loss of energy is still more 
rapidly reduced by increased velocity of ap
proach and separation. The demonstration 70 

of these facts and the recognition of the im
possibility of attaining the desired results by 
using ordinary forms of circuit-controllers 
led me to in vent new and essentially different 
means for making and bre:tking a circuit in 75 
which I have utilized a conducting fluid, such 
as mercury, as the material for one or both of 
the terminals and devised novel means for 
effecting a rapidly-intermittent contact be
tween the fluid and a conductor or series of 80 
conductors forming the other terminal. 

With a view, however, to securing a more 
'practical and efficient circuit - controller in 
which not only the relative spe~d of the ter
minals but also the frequency of the makes 85 
and breaks should be very high I devised the 
the form of instrument described in an appli
cation filed by me June 3, 1897, Serial No. 
639,227, in which a receptacle is rotated to 
impart a rapid movement to a body of C011- 90 
ducting fluid contained therein, which is 
brought in rapidly-intermittent contact with 
a conductor having peripheral projections 
extending into the fluid, the inovement of the 
latter being conveniently utilized to rotate 95 
the conductor. Sllcha device, though meet
ing fully many requirements in practice, is 
nevertheless subject to certain limitations in 
the matter of attaining a high relative speed 
of approach and separation of the terminals, 100 

since the path of movement of the conduct-
ing projections is not directly away from and 
toward the fluid, but more or less tangential 
to the surface of the latter, the velocity of 
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approach and separation being of course the impairing the quality of contact or deterio
smaller the greater the diameter of the 1'0- rating the terminals. 
tated conductor or terminal. In the drawings hereto annexed, Figure 1 

With the object of securing a greater rela- is a diagram illustrating the system for which 70 
5 tivespeed of the terminals and a consequently the improvement was more especially de

more efficient form of circuit - controller of signed. Fig. 2 is a top plan view of the cir
this type I devised the modified form of ap- cuit-controller. Fig. 3 is a view shO\ving the 
paratus which constitutes the subject of my I induction-coil of Fig. 1 with its condenser-
present application. case in side elevation and the circuit-con- 75 

10 In this apparatus one of the members or troller in vertical central section. 
terminals is a conducting fluid which is caused The general scheme of the system for use 
to issue from an orifice against a series of with which my improved circuit-controller is 
spaced conductors in rapid succession. For more especially designed will be unqerstood 
this purpose the series of conductors, or it by a brief reference to Fig. 1. In said figure, 80 

15 may be a single conductor, is moved trans- A A represent the terminals of a source of 
versely through the stream or jet of fluid, or current. A' is a self-induction or choking 
the jet is moved so as to impinge upon the coil included in one branch of the circuit and 
conductors, or both jet and conductors are permanently connected to one side of a COll
moved. This is preferably accomplished by denser A". The opposite terminal of this 85 

20 mounting the conductors and the tube 01' duct condenser is connected to the other terminal 
from which the fluid issues concentrically and of the source through the primary B of a 
revolving Olle or both. transforrner, the secondary B' of which sup

The chief feature of novelty which distin- plies the working circuit containing any suit-
guishes the apparatus and in which my im- able translating devices, as B". 90 

25 provement resides is the plan adopted for 'l2he circuit-controller C, which is repre-
maintaining the stream or jet of conduct- sen ted conventionally, operates to make and 
ing fluid. This consists in utilizing the same break a bridge from one terminal of the 
power that actuates or drives the circuit-con- source to a point between the choking-coil 
troller in effecting the necessary relative A' and the condenser A", from which it will 95 

30 movement of its terminals to maintain the result that when the circuit is completed 
proper circulation of the conducting. fluid through the controller the choking-coil A' is 
by combining t,he two mechanisms (the con- short-circuited and stores energy which is dis
troller and the means for maintaining a cir- charged into the condenser when the con
culation of the conducting fluid) in one. This troller-circuit is broken, to be in turn dis- 100 

35 featUre is of great practieal auvantage and charged from the condenser through the pri
may be effected in many ways. A typical ar- mary B when these two ;tre 'short-circuited 
rangement for this purpose is to provide a by the subsequent completion of the COll

tube 01' duct haYing an orifice at one end di- troller-circuit. 
rected toward the spaced conductors and its I refer now to Figs. 2 and 3 for an illus- 105 

40 other end in a position to take up a portion tration of the more important and typical 
of the rapidly - rotating body of conducting features of my improved circuit-controller. 
fillid,divert it through the duct, and discharge The parts marked a compose a closed recep-
it against the conductors. vVith t,his object tacle of cylindrical form having a dome or 
when a closed receptacle is used a holder for extension of smaller diameter. The recepta- 110 

45 the tube is employed, mounted within the re- cle is secured to the end of a spindle c, which 
ceptacle and concentrically therewith, and is mounted vertic;tlly in bearings of any char
this holder, when the receptacle is revohyed, acter suitable for the purpose. As it is in
is held or influenced by any suitable means, tended to impart a rapid rotation to the re-
as by magnetic attraction exerted from the ceptacle a, I haye shown a convenient de- 115 

50 outside or otherwise, in such manner as to vice for this purpose comprising a field-mag
keep it either in a fixed position or impress net d, secured to the base or frame e, and an 
upon it a velocity different from that of the annular armature j, secured to the recepta
rotated fluid. cle a. The coils of the armature are con-

Such other improvements in details as I nected with the plates g of a commutator se- 120 

55 have devised and applied to the construction cured to the receptacle a and made in cylin
and oper~Lt,ion of my improved circuit-con- drical form, so as to surround the socket in 
troller will be more fully hereinafter de- which the ~n(lle c is stepped. Abocly of 
scribed; but from the above general statement magnetic Ii.- ,cerial h, which serves as an ar-
of the nature of the device it will be observed mature, is mounted on antifriction-bearings 125 

60 that by means of the same the velocity of on an extension of the spindle c, so that the 
relative movement of the two parts or ele- receptacle and the body h may have freely 
ments may be enormously increased and the independent movements of rotation. Sur
duration of the arc or discharge betweenthem rounding the dome b, in" which the armature 
at the periods of make and break thereby h is contained, is a core with pole-pieces 0, 130 

65 greatly reduced without material increase in which are magnetized by coils p, wound on 
the power required to effect it and without the core. The said core is stationary, being 
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supported by arms r, Fig. 2, independently' 1. The combination with a receptacle of a 
of the receptacle, so that when t,he recepta- cond nctor or series of spaced conductors, a 
cle is rotated and the core energized the at- nozzle or tube for directing a jet or stream of 70 
tractive force exerted by the poles a upon the fluid against the same, the nozzle and conduc-

5 armature h within the receptacle a holds the tor being capable of movement relatively to 
said armature against rotation. To prevent each other, and means for maintaining a cir
loss from currents set up in the shell of the culaUon of cond ucting fluid, contained in the 
dome b, the latter should be made of German receptacle, through the said nozzle, and de- 75 
silver or other similarprecaution taken. An pendent for opel'alion upon such relative 

10 arm i is secured to the armature h within the movement, as set forth. 
receptacle a and carries at its end a short 2. The combination with a closed recepta
tube k, bent, as shown in Fig. 2"so that one cle of a conductor ors.eries of spaced conduc
open end, is tangential to the receptacle-wall tors, a nozzle or tube for directing a jet or 80 
and the other directed toward the center of stream of fluid against the same, and means 

15 the same. Secured to the top plate of the re- for forcing a conducting fluid contained in 
ceptacle a are a series of conducting-plates l. the receptacle through the said nozzle" these 
The part of the top plate s from which said parts being associated within the receptacle 
conducting-plates l depend is insulated from and adapted to be operated by the application 85 
the receptacle proper by insulating packing- of a single actuating power, as set forth. 

20 rings t, but is electrically connected with the 3. 'rhe combination with a receptacle con-
dome b, and in order to maintain electric-al taining a series of spaced conductors, a duct 
connection from an external circuit to the within the receptacle having one of its ends 
conductors l a mercury-cup w is set in the directed toward the said' conductors, means 90 
top of the dome, into which cup extends a sta- for maintaining a rapid movement of rela-

25 tionary terminal plug n. A small quantity tive rotation between the said end a,nd the 
of a conducting fluid, such as mercury, is put conductors and means for maintaining a cil~
into the receptacle a, and when the latter is culation of a conducting fluid contained in 
rotated the mercury by centrifugal action the receptacle through the duct against the 95 
is forced out toward its periphery and rises conductors, the said conductors and jet con-

30 up along its inner wall. 'When it reaches the stituting respectively the terminals or ele
level of the open-mouthed tube 7", a portion is ments of an electric-circuit controller. 
taken up by the latter, which is stationary, 4. The combination with a ,receptacle. ca-
and forced byits momentum through the tube pable of rotation and containing a series of 100 

and discharged against the conductors l as spaced conductors, a duct within the recepta-
35 the latter pass in rapid succession by the ori- cle having an orifice directed toward the said 

fice of said tube. In this way the circuit be- conc1uctors, and an open end in position to 
tween the receptacle and the conductors l is take up a conducting fluid from a body of the 
completed during the periods in which the same contained in the receptacle, when the 105 

stream or jet of mercury impinges upon any latter is rotated, and direct it against the con-
40 of the cond uctors l and broken whenever the ductOl;S, the said conductors and the fluid 

stream is discharged through the spaces be- constitut,ing the terminals or elements of an 
tween the conductors. electric-circuit controller. 

From the nature of the construction and 5. The combination with a receptacle for 1'10 

mode of operation of the above-described ap- containing a conducting fluid and a series of 
45 paratlls it is evident that the relative speed of spaced conductors thereon, of a duct having 

separation and approach of the two elements an orifice directed toward the said conductors 
or terminals (the jet and the conductors l) may and forming a conduit through which the 
be extremely high, while such increased speed fluid when the receptacle is rotated is forced 115 

affects in no material respect the quality of and thrown upon the conductors. 
SO contact. ' . 6. '1'he combination with a receptacle ca-

A circuit-controller of the kind described pable of rotation, and a series of conductors 
is applicable and useful in many other sys- mounted therein, of a duct having an orifice 
terns and apparatus than that particularly directed toward the conductors, a holder for 120 

described herein, and may be greatly moc1i- said duct mounted on bearings wHhin the re-
55 fied in construction without departure from ceptacle wbich permit ofa free relative rota-

the invention. tion of said receptacle and holder, and means 
I am aware that a jet or stream of condllct- for opposing the rotation of the said holder 

ing fluid has heretofore been employed as a in the direction of the movement of the fluid 125 
means for completing an electric circuit, and while the receptacle is rotated, whereby the 

60 I do not claim, broadly, the employment of a conducting fluid within the receptacle will be 
conducting fluidin such form as a contact or caused to flow through the duct against the 
terminal; but so far as I am aware both the conductors. 
purpose for which I employ such form of con- 7. The combination with a receptacle .and 130 
tact or terminal and the manner in which I a motor for rotating the same, of a magnetic 

65 apply it are wholly of my invention, neither body mounted in the receptacle, a maglllet ex-
having been heretofore proposed. terior to the receptacle for maintaining the 

What I claim is- . body stationary while the receptacle rotates, 

i 

I 

i,J 
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a series of conductors in the receptacle and 
a duct carried by the said magnetic body and 
adapted to take up at one end a conducting 
fluid in the receptacle when the latter rotates 

5 and to direct such fluid from its opposite end 
against the series of conductors. ~ 

8. The combination with a receptacle for 
containing a conducting fluid, a series of 
spaced conductors within the same, and a 

10 motor, the armature of which is connected 
with the receptacle so as to impart rotation 
thereto, a magnetic body capable of turning 

freely within the receptacle about an axis 
concentric with that of the-latter, a duct car
ried by the said body having one end in po- 15 
sition to take up the conducting fluid and the 
other in position to discharge it against the 
spaced cond uctors, and a magnet exterior to 
the receptacle for holding the magnetic body 
stationary when the receptacle is rotated. 20 

NIKOLA TESLA. 
Witnesses: 

M. LAWSON DYER, 
G. W. MARTLING. 
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To all wh01n it 71'bay concern: with inwardly-extending flanges F, which di-
Be it known that I, NIKOLA TEsLA, a citi- vide the peripheral portions of the recepta

zen of the United States, residing in the bar-cle into two compartments G G/. Into one of 
ough of JYIanhattan, in the city, county, and ,these compartments, as G, extends a spindle 55 

5 StateofNewYork,haveinventedcertainnew' -H, having its bearing in the end of the part 
and useful Improvements in Electric-Circuit A and the trunnion secured to or extending 
Controllers, of which the following is a speci-' ·therefrom.· -Into the other compartment GI 

fication, reference being had to the drawing extends a spindle HI, similarly journaled in 
accompanying and forming a part of the same.' the end of part AI and)ts trunnion. Each 6Q 

10 The invention which forms the subject of spindle carries or is formed with a weighted 
my present application is an improvement in arm K, which, remaining in a vertical posi
a novel class of circuit-controlling appliances tion, holds its spindle stationary when the 
heretofore invented by me and moreespe-' receptacle"is revolved. 
ciallydesigned to be used with my.nowwell- TotheweightedarmoispindleHissecured 65 

15 known apparatus for the production of elec- a standard L, carrying a tube V, with one 
tric currents of high frequency by means of open end in close proximity to the inner pe
condenser-discharges, but applicable gener- ripheralwall of the compartment Gand the 
ally as a means for making and breaking an other directed toward the axis, but inclined 
electric circuit. . toward th~ opposite compartment. To the 70 

20 In the circuit-controllers of the particular weighted arm of spindle HI is similarly se
class or type to which my present improve- cured a standard JYI, which is hollow and con
ment pertains I have utilized a conducting stitutes a portion of a duct or passage which 
liquid as one of the terminals and have em-' extends through a part of the spindle and 
ployed as the other terminal a solid cond uctor opens through a nozzle JYI' into a circular 75 

25 and provided various means for bringing the; chamber N in the wall of the part N. From 
two into rapidly-intermittent contact. , this chamber run passages N I to nozzles 0, in 

The distinguishing feature ,of my present 'position to discharge jets or streams of liquid 
improvement lies chiefly iIi the use of a con-.. in such directions as to intersect, when the 
ducting liquid for both the terminals under~ nozzles are rotated, a stream issuing from the 80 

30 conditions which permit of a rapidly-inter-end of tube V. 
mittent contact between them, as will be .' In each portion or compartment of the re
herein set forth. ceptacle is placed a quantity of a conducting 

The accompanying drawing illustrates an liquid, such as mercury, and the ends of the 
apparatus.embodying the principle of my said -tubes L' and JYI are provided with openings 85 

35 improvement.which take up the mercury when on the 1'0-
The figure is a central vertical section of tation of the receptacle it is carried by cen-

the circuit-controller. trifugal force against the peripheral wall. 
In the drawing is shown a receptacle com- The mercury when taken up by the tube LI 

posed of two cylindrical metallic portions A issues in a stream or jet from the inner end 90 
40 A', secured together by bolts B and nuts C, of said tube and is projected iuto the com

but insulated from each other. The recep- partment G'. The mercury taken up by the 
tach') is journalec1, by means of trunnions tube Mruns into the circular chamber N, 
formed on or secured to its ends, in standards from which it is forced through·the passages 
D D, and any 8uitf),ble means is employed to N'to the nozzles 0, from which it issues in 95 

45 impart rotation to it. This is conveniently jets or streams directed into the com part
effected by constructing 01' organizing the re- ment G. As the nozzles ° revolve with the 
ceptacle in snch manner that it may serve as receptacle the streams which issue from them 
the rotating element of an electromagnetic will therefore he carried across the path of 
motor in conjunction with a surrounding the stream which issues from the tube V and 100 

5b stationary element E E. The abutting ends which is stationary, and the circuit between 
of the two parts of the receptacle are formed the two compartments will be completed by 
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the streams whenever they intersect and in
terrupted at all other times. , 

The continuity of the jets or streams is not 
preserved ordinarily to any great distance 

5 beyond the orifices from which they issue, 
and hence they do not serve as conductors to 
electrically connect the two sides of the re
ceptacle beyond their poiut of intersection 
with each other. 

10 It will be understood that so far as the broad 
feature of maintaining the terminal jets is 
concerned widely-different means may be em
ployed for the purpose and that the spindles 
mOllnted in fref) bearings concentrically with 

15 the axis of rotation of the receptacle and held 
against rotation by the weighted arms consti
tute but one specific way of accomplishing this 
result. This particular plan, however, has 
certain advantages and maybe applied to cir-

20 cuit-controllers of this class generally when
everitis necessary to maintain a stationary or 
nearly stationary body within a rotating re
ceptacle. It is further evident from the na
,ture of the case that it is not essential that 

25 the jet or jets in one compartment or portion 
of the instrument should be stationary and 
the others rotating, but only that there should 
be such relative movement between them as 
to cause the two sets to come into rapidly-in-

30 termittent contact in the operation of the de
vice. 

The number of jets, whether stationary or 
rotating, is purely arbitrary; but since the 
conducting fluid is directed from one com-

35 partment into the other the aggregate amount 
normally discharged from the compartments 
should be approximately equaL However, 
since there always exists a tendency to pro
ject a greater quantity of the fluid from that 

40 compartment which contains the greater into 
that which contains the lesser amount no dif
ficulty will be found in this respect in main
taining the proper conditions for the satisfac
tory operation of the instrument. 

45 A practical advantage, especially important 
when a great number of breaks per unit of 
time is desired, is secured by making the 
number of jets in one compartment even and 
in the other odd and placing each jet sym-

50 metrically with respect to the center of rota
tion. Preferably the difference between the 
number of jets should beone. Bysuchmeans 
t,he distances between the jets of each set are 
made the greatest possible and hurtful short-

55 circuits are avoided. 
For the sake of illustration let the number 

of jets or nozzles L' in one compartment be 
nine and the number of those marked 0 in 
the other compartment ten. Then by one 

60 revolution of the receptacle there will be 
ninety makes and breaks. To attain the same 
result with only one jet, as 1,', it would be 
necessary to employ ninety jets 0 in the other 
compartment, and this would be objection-

65 able, not only because of the close proximity 
of the jets, but also of the great quantity of 
fluid required to maintain them. 

In the use of the instr~ment as a circnit
controller it is merely necessary to connect 
the two insulated parts of the receptacle to 70 

the two parts of the circuit, respectively, as 
by causing brushes X Y, connected with cir
cuit-wires, to bear at any suitable points on 
the said two parts A A'. 

In instruments of this character in which 75 
both terminals are formed by a liquid element 
there is no wear or deterioration of the ter
minals and the contact between them is more 
perfect. The durability and efficiency of the 
devices are thus very greatly increased. 80 

Having now described my invention, what 
I claim is-

1. A circuit-controller comprising in com
bination means for prod ucing streams or jets 
of conducting liquid forming the terminals, 85 
and means for bringing the jets or streams of 
the respective terminals into intermittent 
contact with each other, as set forth. 

2. In a circuit-controller, the combination 
with two sets of orifices adapted to discharge 90 
jets in different directions, ineans for main
taining jets of conducting liquid through said 
orifices, and means for moving said orifkes 
relatively to each other so that the jets from 
those of one set will intermittently intersect 95 
those from the other, as set forth. 

3. The combination in a circuit-controller 
of ducts and means for discharging therefrom 
streams or jets of conducting fluid in elec
trical contact with the two parts of the circuit 100 

respectively, the orifices of said ducts being 
capable of movement relati vely to each other, 
whereby the streams discharged therefrom 
will intersect at intervals during their rela
tive movement, and make and break the elec- 105 
tric circuit, as set forth. 

4. In a circuit-controller the combination 
with one or more stationary nozzles and means 
for causing a condncting fluid forming one 
terminal to issue therefrom, of one or more lIO 

rotating tubes or nozzles, means for causing 
a conducting liquid forming the other ter
minal to issue therefrom, the said rotating 
nozzles being movable through such a path as 
to cause the liquid issuing therefrom to il1- lI5 

tersect that from the stationary nozzles as set 
forth. 

5. The combination with a rotating recep
tacle divided into two insulated compart
ments, a spindle in one compartment with its 120 

axis concentric with that of the receptacle, 
means for opposing the rotation of said spin-
dle, and a tube or duct carried by the spindle 
and adapted to take up a conducting fluid at 
one end from the inner periphery of the com- 125 
partment when the receptacle is rotated and 
direct it. from the other end into the other 
compartment, of a similar spindle in the other 
compartment and means for opposing its ro
tation, a tube carried by the spindle and hav- 130 

ing an opening at one end near the inner pe
riphery of the compartment and discharging 
into a chamber from which lead one or more 
passages to nozL:les fixed to the rotating re-
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ceptacle and adapted to discharge across the 
path of the jet from the stationary nozzle, as 
set forth. 

6. In a circuit-controller the combination 
5 with a rotating receptacle of a body mounted 

therein and formed or provided with a 
weighted portion eccentric to its axis which 
opposes its rotation and a tube or duct car
ried by said body and adapted to take up a 

10 conducting fluid from the rotating receptacle 
as set forth. 

7. In a circuit-controller the combination 
of two sets of nozzles and means for project-

ing from the same, jets of conducting fluid 
which constitute respectively the terminals IS 
of the controller, means for moving the noz
zles relatively to each other so that the jets 
of the two sets are brought successively into 
contact, the nozzles of each set being arranged 
symmetrically about an axis of rotation, there 20 

being one more nozzle in one set than in the 
other. 

NIKOLA TESLA. 
·Witnesses: 

M. LAWSON DYER, 
G. W. MARTLING. 
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To all who])?; if; may concern:. 'be stated that any other suitable means may 
Be it known that I, Nm:oLA TESLA, of the. be employed to rotate the receptacle and the 

borough of Manhattan,in the city, county, and fluid. 55 
State of New York, have invented cert,ain new In the spindle B and concentric with its 

5 and useful Improvements in Circuit-Control-axis is a spindle J in bearings specially con
leI'S, of which the following is a specification, structed to reduce friction in order that the 
reference being had to the drawings accompa- spindle J may be as lHtle as possible influ-
nying and forming a part of the same. 'enced by the rotation of the main spindle aWl 60 

In an application filed by me on June 3, receptacle carried thereby. A suitable pro-
10 1807, Serial No. 63D,227, I have shown and de- vision is made to oppose or prevent the rota

scribed a device for making and breaking an tion of the spindle J during the rotation of 
electric circuit comprising a rotary receptacle the receptacle. I have devised for this pur-
containing a conducting fluid and a terminal· pose the following: 6S 
mounted within but independently of the re- The spindle B is held by its bearings at an 

15 ceptacle and caused by the rotation of the angletothevertical,anc1aweightKissecured 
latter to make and break electrical contact eccentrically to the spindle J and tends to hold 
with the fluid. the said spindle always in one position. The 

The invention on which my present appli- inclination of the axes of rotation necessary for 70 
cation is based is an improvement in devices this result may be substantially that shown 

20 of this particular class, and has primarily as and should not be materially greater, for the 
its object the production of a circuit: con- reason that it is especially ad vantageous to 
troller in which an independently-mounted preserve the spindles and bearings as nearly 
terminal operated in a similar manner by a as practicable vertical on account of lesser 75 
rotating body of conducting fluid may be in- friction and easier lubrication. 

25 closed within a gas-tight receptacle. Attached to the spindle J or weight K is an 
'}'he invention comprises features of con- insulated bracket L, carrying a standard or 

struction by which this object is practically socket JYI, in which is mounted on antifriction
secUl'ed and certain improvemen ts applicable bearings a spindle N. Secured to this latter 80 
to this and other analogous devices, as will be is a plate with radial arms 0, from which cle-

30 more fully hereinafter set forth. pend vanes or blades P, with projections Q 
In the accompanying drawings, Figure 1 is extending radially therefrom. A shield or 

vertical central section of the improved cir- ·screen Rincloses the vanes, except on the 
cuit-controller, and Fig. 2 a top plan view of side adjacent to the inner periphei'y of the 85 
the same with the top or cover of the recep- receptacle A. 

35 tacle removed. A small quantity of a conducting fluid Sis 
The operative portions of the circuit-con- placed in the receptacle, and in order to se

trolling mechanism are contained in a closed cure a good electrical connection between the 
cylindrical receptacle A, of iron or steel, vanes P and a terminal on the outside of the 90 
mounted on a spindle B in a suitable socket receptacle a small mercury-cup T, in metallic 

40 or support C to permit it to be freely and rap- contact with the vanes throngh the bracket 
idly rotated. The socket C is secured to or L and socket M, is secured to the weight K. 
forms a part of a base or stand D. I A metal stud V, set in an insulated bolt W, 

As a means of producing the proper rota- projects into the cup T through a packed 95 
tion of the receptacle A, I have shown a field- opening in its cover. One terminal of the cir-

45 magnet E, monnted on or secured to the base cnit-controlling mechanism will thus be any 
D, and an armature F, supported by a bracket part of the metal reeept,acle and the other 
G from the under side of the receptacle A. the insulated bolt "V. The apparatus maybe 
The same bracket also carries a series of com- connected up in circuit by connecting the 100 

mutator - segments H,upon .which bear wires of the circuit to a brush X, bearing on 
50 brnshes I, these parts being arranged to COll- the bolt W, a,nd to a binding-post Y in contact 

stitute an electromag-netic motor with sta- with the base D. 
tionary field and rotating armature. It may To operate the apparatns, the receptacle is 



609,247 

set in rotation, and as its speed increases the 
mercury or other conducting fluid which it 
contains is carried by centrifugal force up the 
sides of the inner wall, over which it spreads 

5 in a layer. ·When this layer rises sufficiently 
to encounter the projections Q on the blades 
or vanes P, the latter are set in rapid rotation, 
and the electrical connection between t.he ter
minal of t.he apparatus is thereby made and 

10 broken, it may be, with very great rapidity. 
The projections Q are preferably placed at 

different heights on the vanes P, so as to se
cure greater certainty of good contact with 
the mercury film when in rapid rotation. 

15 As to the forms of the circuit-controller 
heretofore referred to and upon which my 
present invention is an improvement the 
blades or vanes P may be regarded in a broad 
sense as typical of any device-such, for ex-

20 ample, as a stelliform disk-which will be set 
and maintained in rotation by that of the re
ceptacle. So, also, having regard to the fea
ture of my invention which provides for 
maintaining such a device in operation in a 

25 receptacle which may be hermetically sealed, 
so as to be capable of containing an inert me
dium under pressure in which the makes and 
breaks occur and which medium is practi
cally essential to a long-continued and eco-

30 nomical operation of the device, I may em
ploy other and widely-different means for op
posing or preventing the rotation of the part 
carrying such vanes in the direction of the 
rotation of the receptacle and fluid. 

35 Having now described my invention, what 
I claim is-

1. A circuit-controller comprising, in com
bination, a closed receptacle containing a 
fluid, means for rotating the receptacle, a sup-

40 port mounted within the receptacle, means 
for opposing or preventing its movement in 
the direction of rotation of the receptacle, 
and a conductor carried by said support and 
adapted to make and break electric connec-

45 tion with the receptacle through the fluid, as 
set forth. 

2. A circuit-controller comprising, in com
bination, a terminal capable of rotation and 
formed or provided with radiating contacts, 
a closed receptacle containing a fluid which 50 
constitutes the opposite terminal, means for 
rotating t,he receptacle, a support therein for 
the rotating terminal, and means for oppos
ing or preventing the rotation of the support 
in the direction of the rotation of the recep- 55 
tacle, as set forth. 

3. In a circuit-controller, the combination 
with a receptacle capable of rotatiqn about 
an axis inclined to the vertical and contain
ing a fluid which constitutes one terminal, a 60 
second terminal mounted wit.hin the recep
tacle, on a support capable of free rotation 
relatively to the receptacle, and a weight ec
centric to the axis of rotation of the support 
for said terminal for opposing or preventing 65 
its movement in the direction of the rotation 
of the said receptacle, as set forth. 

4. The combination with a receptacle 
mounted to revolve about an axis inclined to 
the vertical, of a spindle within the recep- 70 
tacle and concentric with Us axis, a weight 
eccentric to the spindle, and a terminal car
ried by the said spindle, and adapted to be 
rotated by a body of conducting fluid con
tained in the receptacle when the latter is 75 
rotated, as set forth. 

5. The combination with a receptacle 
mounted to rotate about an axis inclined to 
the vertical, a spindle within the receptacle 
and concentric with its axis, a weighted arm 80 
attached to said spindle, a bracket or arm 
also secured to said spindle, a rotary terminal 
with radiating contact arms or vanes mount-
ed on said bracket in position to be rotated 
by a body of conducting fluid contained in 85 
said receptacle when said fluid is displaced 
by centrifugal action, as set forth. 

NIKOIJA TESLA. 

Witnesses: 
M. LAWSON DYER, 
G. ",\V. MAR'l'LING. 
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To aU whom, it ntay concern: 
Be it known that T, Nm:oLA TEsLA, of the 

borough of Manhattan, in the city, county, and 
State of NewYol'k, have invented certain new 

5 and useful Improvements in Circuit-Control
lers, of which the following is a specification, 
reference being had to the drawing accompa
nying and forming a part of the same. 

In previons applications filed by me, nota-
10 bly in Serial No. 660,518, filed Decem bel' 2, 

1897, and others, I have shown and described 
various forms of electric-circuit controllers 
in which a eondncting fluid is used for one or 
both of the terminals. These contrivances, 

IS whileapplicablegenerallyasameansof mak
ing and breaking an electric circuit with 
great rapidity, were devised by me more espe
cially for use in my now well-known system of 
electrical conversion by means of condenser-

20 discharges and for this reason have been de
signed with especial reference to the peculiar 
and exceptional conditions which obtain in 
such systems. My present invention is an 
improvement in circuit - controllers of this 

25 kind, and in order that the object and nature 
of the improvement may be more readily un
derstood and appreciated I may refer briefly 
to the more essential characteristics of the 
devices described before upon which t.he 

30 pl'esentimprovementis based. As it was pri
marily essential that. these controllers be ca
pable of making and breaking the circuit at 
a very rapid rate and as such a result could 
not be secured practically or economically by 

35 any of the ordinary devices employing rigid 
contacts or terminals I was led to invent ap
paratus in which the circuit connections were 
established and broken between a rigid ter
minal and a fluid conductor or between two 

40 fluid conductors in the form of jets or streams. 
In the forms of apparatus employing a rigid 
or solid conductor as one terminal and a fluid 
as the other the makes and breaks of course 
occur always between a solid and a fluid termi-

45 nal, and although the operative parts of my 
improved circuit-con trollers were usually con
tained in air or gas tight receptacles and in 
an inert medium, both for the purpose of im
proving their action and preventing deterio-

50 ration of the terminals, there is still a lia
bility to wear of the rigid or soliel terminal. 

Under certain conditions, as when the ci1'-

cuit-controller is operated from a source of 
direct current, the deterioration of the solid 
terminal may be materially reduced by con- 55 
necting it to the negative pole of the gener
ator. Nevertheless, there will be always a 
slow wearing away of the metal, which t.o 
overcome entirely in a novel manner is the 
object of my present improvement. To do 60 

this, I effect the closure of the circuit through 
two parts of conducting fluid; butinsteadof 
breaking the circuit by the movement of these 
two parts 01' terminals, as before, I separate 
them periodically by the interposition of an 65 
insulator which is preferably solid and re
fractory. For example, I provide a plate or 
disk with teeth or projections-preferably of 
glass, lava, or the like-which are caused by 
the rotation of the disk to pass through the 70 
fluid conductor, jet, or whatever it may be, 
and thus effect a make and break of the cir
cuit. 

Bymeans of such adevice the breaks always 
occur between fluid terminals, and hence de- 75 
terioration and consequent impairment of the 
qualities of the apparatus are avoided. 

A preferred form of my improved ci1'cuit
controller is illustrated in the accompanying 
drawing, which shows a central vertiical sec- 80 
tion of the same. . 

The two terminals are contained in an air
tight receptacle A, of iron or steel, which is 
mounted on a spindle B in it suitable socket 
orsnpportC,soasto1'otatefreely. Thesocket 85 
C is secured to or forms part of a base or stand 
D. Any suitable means maybe employed for 
effecting the rotation of the receptacle, and 
in illustration of a convenient and practicable 
means for this purpose I have shown an ar- 90 
mature E, secured to a cylindrical extension 
of the receptacle that surrounds the socket 
C, and a field-magnet F, which is supported 
independently and is stationary. The arma
ture-coils are connected with the segments S 95 
of a commutator on which bear brushes G. 

In the spindle B and concentric with its axis 
is a spindle H, supported on ball-bearings or 
otherwise arranged to have a free movement 
of rotation relatively to the spindle B, so as 100 

to be as little as possible influenced by the 
rotation of the latter. . 

Any convenient means is pl'ovided to op
pose or prevent the rotation of the spindle H 

-H 
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during the rotation of the receptacle. In the in this respect I do not limit myself to the 65 
particular arrangement here shown for this particular form herein shown. 
purpose a weight or weighted arm J is secured vYhat I claim is-
to the spindle II and eccentrically to the axis 1. In an electrical-circuit controller, the 

5 of the latter, and as the bearing for the spin- combination with a conductor forming one of 
dIe B holds the same at an angle to the ver- the terminals, of means for maintaining a jet 70 

tical this weight acts by gravity to hold the or stream of conducting fluid forming the 
spindle II stationary. I other terminal, and directing it against said 

Secured to the top or cover of the reeepta- conductor, and a body adapted to be inter-
10 ele A by a stud Ie, which passes through an mittently moved through and to intercept the 

insulating-bushing in said cover and is held jet or stream, as set forth. 75 
by a nut L, is a circular disk lYI, of conduct- 2. In an electrical-circuit controller, the 
ing material, preferably iron or steel, having combination with a rigid terminal, of means 
its· edge turned downwardly and then in- for directing against such terminal a jet or 

15 wal'dly to provide a peripheral trough on the stream of conducting fluid in electrical con-
under side of the disk. nection with the other terminal, and a body 80 

To the under side of the disk M is secured adapted to be intermittently moved through 
a second disk N, having downwardly-inclined and to intercept the jet or stream, as set forth. 
peripheral projections ° 0, of insulating and 3. In an electrical-circuit controller, the 

20 preferably refmctory material, in a circle con- combination with a rigid terminal, of means 
centric with the disk 1\1. for directing against such terminal a jet or 85 

A tllbe or duct Pis mounted on the spindle stream of conducting fluid in electrical con-
I-! or the weight J and is so arranged that the nection with the other terminal, a body hav
orifice at one end is directed outwardly toward ing a series of radial projections and means 

25 the trough of the disk M, while the other lies for rotating the same so that the said projec
close to the inner peripheral wall of the re- tions will intermittently intercept the stream 90 
ceptacle, so that if a quantity of mercury or or jet, as set forth. 
othercollducting fluid be placed in the recep- 4. In a circuit-controller, the combination 
tacle and the latter rotated the tube Or duct I with a rotary conductor forming ODe termi-

30 P, being held stationary, will take up the fluid nal, means for directing against sllch termi
which is carried by centrifugal action up the nal a jet or stream of conducting fluid in elec- 95 
side of the receptacle and deliver it in astream trical connection with the other terminal, and 
or jet against the trough Or flange of the disk a body with spaced projections mounted to 
Mol' against the inner surfaces of the pro.1ec- rotate in a path that intercepts the jet or 

35 tions ° of disk N, as the case may be. stream of fluid, as set forth. 
Obviously, sinne the two disks M and N 1'0- 5. In a circuit-controller, the combination 100 

tate with respect to the jet or stream of fluid with a rotary conductor forming one termi
issuing from the duct P, the electrical con- nal, and means for directing intermittently 
nection between the receptacle and the disk against such terminal a jet or stream of fluid 

40 lYI through the fluid will be completed by the in electrical connection with the other termi-
jet when the latter passes to the disk 1\'1 be- nal, the part of said rotary conductor upon 105 

tween the projections ° and will be in ter- which the jet or stream impinges being formed 
rupted whenever the jet is intercepted by the so. as to retain, by centrifugal force, a portion 
said projections. of the fluid directed against it, as set ·forth. 

45 The rapidity and the relative duration of G. The combination of the receptacle, the 
the makes and breaks is determined by the conducting-disk secured within it, the insu- IIC 

speed of rotation of the receptacle and the lated di:,;k with peripheral projections and 
number and width of the intercepting projec- the stationary tube or duct for directing a 
tions 0. stream or jet of conducting fluid toward the 

50 By forming that portion of the disk M with conduct,ing-disk and across the path of the 
which the jet makes contact as a trough, projections 0, as set forth. 1I5 
which will retain when in rotation a portion 7. The combination of the receptacle, the 
of the fluid directed against it, a very useful conducting- disk with a peripheral trough
feature is secured. The fluid under the ac- shaped flange, the insulated disk with peri ph-

55 tion of centrifugal force accumulates in and .eral projections 0, and the stationary tube or 
is distributed along the trough and forms a duct for directing a stream or jet of conduct- 120 

layer over the surface upon which the jet im- ing fluid into the trough-shaped flange of the 
pinges. By this means a very perfect con- conducting-disk and across the path of the 
tact is always secured and all deterioration projections 0, as set forth. 

60 of the te~'mi?al sUl:faces av~ided. . . NIKOLA TESLA 
The prll1Clple of ll1terruptmg the CircUlt by . 

intermittently passing an insulator through ·Witllesses: 
a fluid conductor maybe carried out by many 1\'1. LAWSON DYER, 
specifically-different forms of apparatus, and G. VY. MARTLING. 
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To all wh07n it ma,y concern: parts, a feature which in deyices of this kind 
Be it known that I, NIKOLA TEsLA, of the is often very desirable. 

borough of Manhattan, in the city, county,and In the drawing hereto annexed I have illus- 55 
State of New York,have invented certain new t.rated the preferred form of apparatus which 

5 and useful Improvements in Electrical-Oir- I have devised for carrying out these improve
cuit Oontrollers, of which the following is a ments. The figure isa central vertical cross
specification, reference being had to the dl'aw~ section of a circuit-controller. 
ing accompanying and forming part of the I A designates a receptacle, usually of iron 60 
same. or steel and mounted in any suitable manner, 

10 'rhe present application is based upon im-j as by trunnions B B, having bearings in 
provements in electrical-circuit controllers of standards 0 O,so as to be capable of rapid 
the kind heretofore invented by me and de- rotation about a horizontal axis. 
scribed in previous applications, notably in· In the particular form of device under C(')ll- 65 
an application filed December 2, 1897, Serial sideration the receptacle is divided into two 

IS No. 660,518. The chief distinguishing fea- parts insulated by a washer D and held t.o
tures of these devices are the use of a con- gether by insulated bolts E with nuts F. 
ducting fluid for one or both of the terminals These two parts are electrically connected, 
under conditions which permit of a very r:=tpid respectively, with the two terminals of the 70 
succession of makes. and breaks and a con- apparatus, as hereinafter described, and by 

20 struction or arl'angement which allows the means of brushes X Y, bearing at any suit
inclosing of the terminals in: an air-tight re- able points on the two parts of the receptacle, 
ceptacle in which an inert medium may be the circuit-controller is connected \vith the 
maintained. My efforts to meet the practi-wires ofa, circuit. 75 
cal requirements of apparatus of this kind Any convenient means may be employed 

25 have led me to adopt expedients and to in- tOl'otate the receptacle; but a simple way to 
vent mechanisms entirely novel in such de- effect this is to surround the same with a 
vices. For example, in order to effect a rap- field-magnet G and to make the receptacle 
idly-intermittent contact between two termi- .itself the armature of an electric motor or 80 
nals by the use of a jet or jets in a closed re- else to secure to it armature-cores, as H. 

30 ceptacle it is obviously necessary to employ A body I is supported by trunnions J, hav-
special means wliich will operate to hold one iug bearings in the ends of .the receptacle 
part of the apparatus stationary while the and concentric with the axis of rotation of 
other rotates or to rotate both t.he essential the same. The weight of the body I being 85 
parts or terminals in opposite directions or, eccentric to this axis tends to oppose its turn-

35 as the case may be, in the same direction at ing about the axis when the receptacle is 1'0-

different speeds. tated. 
The present invention is embodied in a de- Upon the body or support I, but insulated 

vice for securing the proper relative move- therefrom, is secured. a vertical standard K, 90 
ment of the two parts or terminals of the cir- in which there is a freely-rotatable spindle L, 

40 cuit-controller and involves two salient fea- carrying a disk ]H, with radial arms inclined 
tmesof novelty, one thatit provides for main- to the plane of the disk, so as to form vanes 
taining in a rotating receptacle a stationary N. Arms 0 P are also secured to the body I 
jet or jets which by impinging on a rigid con- and are formed with or carryait their ends 95 
ductor maintain the latter in rotation, there- dllcts or tubes Q, with one end directed to-

45 by securing the req nisite rapidly-intermittent ward and opening upon the vanes N and the 
contact between the two, and t.he other that it other end close to the inner wall of the re
utilizes the rotation of snch rigid conductor ceptacle and opening in the direction oppo-
as a means for opposing or preventing the site to that of the rotation of the receptacle. 100 

movement of its own supports in thedirec- . A suitable quantity of mercury R is placed 
50 tion of rotation of the receptacle, thereby se- in the receptacle before the latter is sealed or 

curing, among other things,an approximately closed. 
constant relative movement between the The operation of the device is as follows: 
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The receptacle is started in rotation, and as 
it acquires a high velocity the mercury or 
other conducting fluid R is caused by centrif
ugal action to distribute itself in a layer over 

5 the inner peripheral surfaee of the receptacle. 
As the tubes or ducts Q do not take part in 
1,he rotation of the flu,id, being held at the 
start by the weighted body I, they take up 
the mercury as soon as it is carried to the 

10 points where the ducts open and discharge it 
upon the vanes of the disk M. By this means 
the disk is set in rapid rotation, establishing 
the contact between the two sides of the re
ceptacle which constitute the two terminals 

15 of the circuit-controller whenever the two 
streams or jets of fluid are simultaneously in 
contact with the vanes, but breaking the con
tact whenever the jets discharge through the 
spaces between the vanes. The chief object 

20 of employing more than one insulated jet is 
to secure a higher velocity of approach and 
separation, and in respect to the number of 
jets thus employed the device may be ob
viously modified as desired wit,hout departure 

25 from the invention. The disk M, having ac
quired a very rapid rotation, operates to pre
ven t by gyrostatic action any tendency of the 
body I to rotate or oscillate, as such move
ment would change the plane of rotation of 

30 the disk. The movement of the parts, there
fore, and the operation of the deviee as a 
whole are very steady and uniform, and a ma
terial praetical advantage is thereby secured. 
The speed of the disk will be chiefly depend-

35 ent on the velocit.y of the streams and pitch 
, of the blades, and it is of course necessal'yin 

order to produce a constant speed of rotation 
of the disk that the velocity of the streams 
be constant. This is accomplished by rotat-

40 ing the reeeptaele with a eon stant speed; but 
when this is impracticable and the uniformity 
of motion of the disk very desirable I resort 
to special means to secure this result, as by 
providing overflowing-reservoirs V V, as in-

45 dicated by dotted lines, from which the fluid 
issues upon the vanes with constant velocity, 
though the speed of the receptacle may vary 
between wide limits. 

It may be stated that the jets can be pro-
50 duced in any other known ways and that they 

may be utilized in any desired manner to pro
duce rotation of the disk. 

Having now described my invention, what 
I claim is-

55 1. The combination in a'cil'cuit-controller 
with a closed rotary receptacle, of a rigid con
ductor mounted within the same and through 
which the circuit is intermittent.Iy estab
lished, and means for directing a jet or stream 

00 of a fluid which is contained in the receptacle, 
against the said body so as to effect its rota
tion independently of the receptacle, as set 
forth. 

2. In an electric-circuit controller, the com
bination of a closed rotary receptacle, a con
ducting body therein adapted to be rotated 
independently of the receptacle by the im
pingement thereon of a jet, or stream of con
ducting fluid,and means for maintaining such 
a jet and directing it upon the said conduc
tor, as set forth. 

3. In a circuit-controller, the combination 
with a rotary receptacle of a body or part 
mounted within the receptacle and concen
trically therewith,a conducting-terminal sup
ported by said body and capable of rotation 
in a plane at an angle to the plane of rota
tion of the receptacle so as to oppose, by gyro
static action, the rotation of the support, and 
means for directing a jet of conducting fluid 
against the said terminal, as set forth. 

4. In a circuit-controller, the combination 
with a rotary receptacle of a support for a 
conductor mounted thereon concentrically 
with the receptacle and a gyrostatic disk car
ried by the support and adapted, when rotat
ing, to oppose its movement in the direction 
of rotation of the receptacle, as set forth. 

5. In a circuit-controller, the combination 
with a rotary receptacle containing a con
duct.ing fluid, a support mounted within the 
receptacle, means for opposing or preventing 
its movement in the direcLion of rotation of 
the receptacle, one or more tubes or ducts 
carried thereby and adapted to take up the 
fluid from the rotating receptacle and dis
charge the same in jets or streams, and a con· 
ductor mounted on the support and adapted 
to be rotated by the impingement thereon of 
said jet or jets, as set forth. 

6. The combination in a circuit-controller 
of a rotary receptacle, one or more tubes or 
ducts and a support therefor capable of ro
tation independently of the receptacle, a con-

. ductor mounted on said support in a plane at 
an angle to that of rotation of the receptacle, 
and adapted to be maintained in rotation by 
a jet of fluid taken up from the receptacle by 
and discharged upon it from the said tube or 
duct, when the receptacle is rotated. 

7. The combination with a rotary recepta
cle of one or more tubes or ducts, a holder or 
support therefor mounted on bearings within 
the receptacle, which permit of a free rela
tive rotation of said receptacle and holder, a I 

disk with a bearing on the said holder and 
having its plane of rotation at an angle to 
that of the receptacle, the disk being formed 
or provided with conducting - vanes, upon 
which It jet of conducting fluid, taken up by 
the tube or duct from the receptacle when in 
rotation, is directed. 

NIKOLA TESLA. 
Witnesses: 

M.LA WSON DYER, 
G. W. MARTLING. 
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To all whom it may concern: 
Beitknown that I, NIKOLA TESLA, a citizen 

of the United States, residing at New York, 
in the county and State of New York, have in-

S vented certain new and useful Improvements 
in Electrical Igniters for Gas -Engines and 
Analogous Purposes, of which the following 
is a specification, reference being had to the 
drawing accompanying and forming a part of 

10 the same. . 
In certain kinds of apparatus it is neces

sary for the operation of the machine itself 
or for effecting the object for which it is used 
to produce an electric spark or any other simi-

15 lar local effect at a given instant of time or 
at predetermined intervals. For example, in 
certain gas or explosive engines a flame or 
spark is necessary for the ignition of an ex
plosive mixture of air and gas under the pis-

20 ton, and the most effective way of igniting 
the gaseous mixture has been found to be the 
production in the cylinder at the proper mo
ments of an electric spark. The only prac
ticable device by which this has been accom-

25 plished heretofore is an induction-coil com
prising a primary and secondary circuit with 
a buzzer or rapidly-acting automatic circuit
breaker in the primary and a circuit-control~ 
leI', such as a switch or commutator, located 

30 also in the primary or battery circuit and op
erated by some moving portion of the appa
ratus to temporarily close such circuit at the 
proper time, and thereby set in operation the 
automatic circuit-breaker, which causes be-

35 tween secondary terminals in the cylinder the 
discharge which is necessary for the proper 
ignition of the explosive mixture. Instead 
of thus temporarily closing the primary cir
(;uit the automatic circuit-breaker might be 

40 permitted to operate continuously, and the 
secondary, circuit normally broken, might be 
closed at the proper time to cause the spark 
to pass at any point. In either case the em
ployment of a quick-acting circuit-breaker is 

45 necessary, for unless the induction-coil be of" 
large size and the source of current of con
siderable power a slow or gradual make and 
break of the primary of a simple transformer, 
such as would ordinarily be effected by a 

50 switch or commutator, would not effect a dis
charge of the character necessary for the 
proper ignition of the gas. 

There is, however, no form of vibrating 01' 

quick-acting circuit-breaker of which I am 
aware that can be depended upon to operate 55 
with certainty to produce such a spark or 
which will continue to operate for any length 
of time without deterioration, and hence not 
only in the case of engines of the kind de
scribed, but in other forms of apparatus which 60 
involve the use of a high-tension induction
coil with a quick-acting circuit-breaker, the 
operation of the machine is contingent upon 
the proper operation of a comparatively in-
significant but essential part.' 65 

The object of my invention is to provide a 
more certain and satisfactory means for use 
with and contl;ol by such machines or appa
ratus as I have mentioned for producing 
sparks or discharges of the desired character, 70 
and to this end I employ the following ar
rangement: Any suitable moving portion of 
the apparatus is caused to mechanically con
trol the charging of" a condenser and its dis
charge through a circuit in inductive relation 75 
to a secondary circuit leading to the termi
nals between which the discharge is to occur, 
so that at the desired intervals the condenser 
may be discharged through its circuit and in
duce in the other circuit a current of high po- 80 
tential which produces the desired spark or 
discharge. 

One practical means of accomplishing this 
is to employ any proper form of switch or 
commutator operated directly or through 85 
suitable intermediate devices by a moving 
part of the apparatus and which is caused 
to complete an electric circuit which has been 
previously broken or interrupted for an ap
preciable time when t,he occurrence of the 90 
spark or discharge is necessary. The circuit 
thus closed includes a condenser, which by 
this operation of the switch is permitted to 
discharge, through the primary of a trans
former, energy which it had previously re- 95 
ceived during the interruption of said circuit 
from a battery or discharge of a self-induc
tion coil in series with the battery ill the 
charging-circui t. 

The ends of the secondary circuit of the IOC 

transformer above mentioned are connected 
with the points or terminals in the machine 
between which the spark is to pass, and fol
lowing the short-circuiting of . the condenser 
by the closing of the switch a strong second- 105 

ary discharge induced by the discharge of the 
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condenser through the primary will occur. 
It is possible by this means not only to pro
duce a strong discharge of high tension, as 
in the form of a spark well aoapted for the 

5 ignition of gas or other purposes for which 
sparks are employed, but to secure such re
sult by apparatus very much less complicated 
and expensive than that heretofore employed 
for the purpose and which will be capable 

10 of certain and effective operation for an in
definite period of time. 

I have illustrated the principle of my im
provementand the manner in which the same 
is or may be carried out in the drawing hereto 

15 annexed. The invention is shown as used 
for effecting the operation of the piston of a 
gas-engine, the figure being a diagram. 

A designates the cylinder of a gas-engine, 
B the piston, and C the piston-roo. Other 

20 parts of the engine are omitted from the illus
tration as unnecessary to an understanding 
of the invention. 

On the piston-rod C is a commutator or cir
cuit-controller upon which bear the terminals 

-5 a b of an electric circuit D. This commuta
tor comprises a continuous ring c and a split 
ring cZ side by side, so that when the termi
nals are on the latter the circuit is inter
rupted, but when on the former it is closed. 

30 The to-and-fro movement of the pistml, there
fore, operates to alternately make and bl'eak 
the circuit, the position of the commutator 
being such that the make occurs at the mo
ment desired for the ignition of the explosive 

35 charge under the piston. 
In the circuit D is a battery or other source 

of current E and the primary F of a trans
former. Across the two conductors of the 
circuit, between the battery and the primary 

40 F, is a condenser G, which is charged by the 
battery when circuit D is interrupted at the 
commutator and which discharges through 
the primary when snch circuit is closed. 

In order t,hat the condenser may receive a 
45 charge of high tension, a self-induction coil 

I-I is introd uced in the circuit between itself 
and the battery, which coil stores up the en
ergyof the battery when the circuit D is 
closed at the commutator and discharges it 

50 into the condenser when the circuit is broken. 
The primary F is combined with a second

ary K, the conductors from which lead, re
spectively, to an insulated terminal L within 
the cylinder A and to any other conducting-

55 body in the vieinity of such point as to the 
cylinder itself. In consequence of this ar
rangement, when the piston reaches the 

. proper point the circuit D is closed, the en
ergy of the condenser is discharged tlll'ough 

60 the primary with a sudden rush, and a strong 
and effective spark or flash is prod uced be
tween the point L and the cylinder or piston 
which ignites the charge of explosive gas. 

It will be understood from the preceding 
65 description that I do not limit myself to the 

specific const,ruction or arrangement of the 
devices employed in carrying out my im-

provement and that these may be varied 
within wide limits. 

What I claim is- 70 

1. In an apparatus \vhich depends for its 
operation or effect upon the production of a 
sudden electric discharge at a given instant, 
or at predetermined intervals of time, the. 
combination with a moving part of said ap- 75 
paratus of a switch or commutator, a con
denser, a charging - circuit for the same, a 
primary circuit through which the condem\er 
discharges, and a secondary circuit in in
ductive relation to the said primary circuit 80 
and connected with the terminals at the point 
in the apparatus where the discharge is re~ 
quired, the switch or commutator being op
erated by the said moving part to effect the 
discharge of the condenser at the propel' in- 85 
tervals, as set forth. 

2. In an apparatus which depends for its 
operation or effect upon the production of a 
sudden electric discharge at a given instant, 
or at predetermined intervals of time, the 90 
combination with a moving part of said ap
paratus of a circuit and a circuit-controller 
adapted to close said circuit, at the time when 
the occurrence of Raid discharge is desired, a 
source of current in said circuit, a condenser 95 
adapted to be chal'ged by said source while 
the circuit is interrupted, and a transformer 
through the primary of which the condenser 
discharges when the circuit is closed, the sec
ondary of the transformer being connected 100 

with the terminals at the point in the appa
ratus where the discharge is required, as set 
forth. 

3. In an apparatns which depends for its 
operation or effect upon the production of an 105 

electric discharge, at a given ins tan t, or at 
predetermined intervals of time, the combi
nation with a moving part of said apparatus 
of a circuit and a circuit-controller adapted to 
close said circuit at the time when the occur- 110 

rence of the spark is desirerl, a source of 
current in said circuit, a self-induction coil 
which stores the energy of the source while 
the circuit is closed, a condenser into which 
said coil discharges when the cil'cuitis broken, II5 
and a transformer through the primary of 
which the condenser discharges, the second-
ary of said transformer being connected with 
separated terminals at the point where the 
discharge is required. 120 

4. In a gas or explosive engine of the kind 
described, the combination with a moving 
part, of said engine of a circuit-closer or switch 
controlling the charging and discharging of 
a condenser, separated terminals in the cylin- 125 

del' or explosive-chamber, and a tran~former 
through the primary of which the condenser 
discharges, t110 secondary being connected 
with.the terminals in the cylinder,as set forth. 

NIKOLA TESLA. 

\Vitnesses: 
]VI. LAWSON DYER, 
EDWIN B. HOPKINSON. 
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To c~ll wh01n it 71?,ay C01wern: 
Reitknown that I, NIKOLA TESLA, a citizen 

of the United States, residing at New York, in 
the county and State of New York, have in-

S vented certain new and useful Improvements 
in ElE:)ctric-Circuit Controllers, of which the 
following is a specification, reference being 
had to the drawings accompanying and form
ing a part of the same. 

10 In previous patents granted to me I have 
shown and described methods and apparatus 
for the conversion and utilization of electrical 
currents of very high frequency based upon 
the principle of charging a condenser or a cir-

IS cuit possessing capacity and discharging the 
same generally through the primary of a trans
former, the secondary of which constituted 
the source of working current andundersuch 
conditions as to yield a vibrating or rapidly-

20 intermittent current, 
In some of the forms of apparatus which I 

have heretofore devised for carrying out this 
invention I have employed a mechanism for 
making and breaking an electric circuit or 

25 branch thereof for the purpose of charging 
and discharging the condenser, and my pres
ent application is based upon a novel and 
improved form of device for this purpose, 
which maybe generally styled a" circuit-con-

30 troller." 
In order that the full ad vantages of my sys

tem may be l'ealized and the best practical 
l'esults secured, the said circuit - contl'oller 
should be capable of fulfilling certain l'eq uire-

35 ments, the most important among which is 
the capability of effecting an extremely-rapid 
intel'ruption and completion of the circuit. 
It is also of importance that such makes and 
breaks, and more especially the former,should 

40 be positive and abrupt, and from considera
tions of economy and practicability it is es
sential that the apparatus should be cheaply 
constructed, not liable to derangement, and 
capable of prolonged use without attention 

45 or adjustment. 'With the object of attain
ing these results, which have never heretofore 
been fully attained in any form of mechan
ical circuit-controller of which I am aware, I 
devised and developed the circuit-controller 

50 which forms the subject of my present appli
cation and which may in general terms be de
Rcribed as follows: 

~The device in its typical embodiment com
prises as essential elements two terminals
one with peripheral contacts alternating with 55 
inSUlating-spaces, such as is exemplified in a 

"stelliform disk and which is capable of rota-
. tion, and the other a rotatable receptacle con
taining a fluid in which more or less of the 
first-named terminal is immersed. 60 

In the preferred construction of the appa
ratus the receptacle contains both a conduct
ing and a non-con(iucting fluid, the former 
being the heavier, and I maintain the termi
nals in such relations that the electrical con- 65 
nection between them is made and broken' 
by the successive immersion of the contact
points into and their withdrawal from the 
conducting through the non-conductingfluid. 
These relations are, best maintained by such 70 

construc~ion of the receptacle that the dis
tribution of the two fluids necessary for the 
proper operation of the device may he pre
served by centrifugal action and the rotation 
of the other terminal effected by the move- 75 
ment of the fluid or fluids relatively thereto. 

To secure the conditions necessary for the 
accomplishment of the objects of the inven
tion, various mechanical expedients may be 
resorted to; but the bestand most practicable 80 
device for the purpose of which I am aware 
is a hollow wheel or drum mounted so as to 
be rotated at any desired speed and contain
ing a conducting fluid, such as mercury or 
an electrolyte, which by the rotation of the 85 
drum is thrown by centrifugal force outward 
to the inner periphery of the same, and a 
sufficient quantity of a lighter non-conducting 
or poorly-conductive fluid, such as water or 
oil, which by the centrifugal action is main- 90 
tained on the surface of the heavier con
ducting fluid and tends to prevent the occur
rence of arcs between the contact-points and 
the conducting fluid. 

A central opening is formed in one side of 95 
the drum, through which enters anarm car
rying a disk with peripher~l projections or 
vanes which when the drurll is, rotated pro
ject to a sufficient extent_.toward or into the 
conducting fluid to effect the makes and 100 

breaks of the circuit. 
The motion of the fluid within the drum 

causes the disk to rotate anel its projections 
or vanes to make and break the circuit with 

d 
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a rapidity which may bc very great. In fact, 
when the drum is rotated at a high rate of 
speed the fluid conductor may become in its 
effect similar to a solid body, upon which t.he 

S conducting-disk rolls, so that the conducting 
fluid might be dispensed with, although I 
find it preferable to URe it. 

In order to insure the proper immersion of 
the projections into the fluid to compensate 

10 for wear and at the Rame time to secure a 
yielding pressure between the fluid and the 
disk, it is desirable to employ for the disk 
some form of spring connection or support 
which "will exert a force tending to force it, in 

IS contact with the fluid. 
I have also devised certain details of con

struction which add to the efficiency and prac
ticability of the apparatus which will be more 
con venien tly described by reference to the ac-

20 companying drawings. 
Figure 1 is a side elevation of a complete 

apparatus for producing currents of high fre
quency and to which my present invention 
is applied. Fig. 2 is a central vertical section 

25 of the improved circuit-controller of Fig. 1; 
Fig. 3, an end view of the same; Fig. 4, a 
modified form of the circuit-controller, show
ing it in connection with the remaining parts 
of the apparatus illustrated diagrammatic-

30 ally; and Fig. 5, a side view of the same with 
the receptacle in section. 

As the apparatus as a whole is now well 
known, a brief description of the same will 
sufiice for an understanding of its character. 

35 The various parts or devices are preferably 
mounted on a base B, which contains the con
denser, and comprise a transformer A with 
primary and secondary coils, one or more se1£
induction coils C, a small electromagnetic 

40 motor D, and the circuit-controller, which is 
drivenbythe motor. The circuit connections 
will be described in connection with Fig. 5. 

In general plan of construction and arrange
ment the apparatus is essentially the same as 

45 that described and shown in a patent granted 
to me September 22, 1896, No. 568,176. 

The shaft of the motor D extends through 
a stationary disk E, and to its end is keyed a 
hollow wheel or drum F, which rotates with 

50 it. Two standards G are secured to the disk 
E and connected by a cross-bar II, from which 
extends an arm K into the interior of the" 
drum F through a central opening in its side. 

To the end of the arm K is secUl·ed an arm 
55 L, carrying at its free end a disk JYI with pe

ripheral teeth or projectionR N, as shown in 
Fig. 3. The disk is mounted on any suitable 
bearings in the arm L, so as to be capable of 
free rotation. 

60 It is desirable that the disk should admit of 
adjustment with respect to the inner periph
eral surface of the drllm, and for this purpose 
I secure the arm K to a rod 0, which passes 
through supports in the cross-bar I-I and is ad-

65 justable therein by means of threaded nuts P. 
'l'he interior of the drum F is formed by 

preference in substantially the mal1nershown 

in Fig. 2~that is to say, it is tapered or con
tracted toward the periphery so as to form a 
narrow trough in which the fluid is confined 70 
when the drum is rotated. 

R designates the conducting fluid, and S 
the lighter non-conducting fluid, which are 
used in the drum. If the proper quantities 
and proportions of these fluids be introduced 75 
into the drum and the latter set in rapid rota
tion, the two fluids will distribute themselves 
under the action of centrifugal force around 
the drum in the manner indicated in Fig. 2. 
The arm K is adjusted so that the teeth or 80 
projections on the disk:M: will just enter the 
conducting fluid, and by the action of either 
or both the disk will be rapidly rotated. Its 
teeth are so arranged that no two are simul
taneously in contact with the conducting 85 
fluid, but come into the same successively. 
If, therefore, one part of the cit'cuit be con
nected to the drum, as by a contact strip or 
brush T, and the other part to the disk lH, 
or to any part, as the standards G, which are 90 

insulated from the frame of the apparatus 
and in metallic connection with the disk lVI, 
the circuit will be made and broken with a 
rapidity which may obviously be made enor
mously high. The presence of the non-con- 95 
dl1cting fluid on the surface of the other 
operates to prev8nt the occurrence of sparks 
as the teeth N leave the latter and also to 
prevent the current from leaping across the 
space between the teeth and the conductor 100 

as the two approach. 
In illustration of the modifications of which 

the improvement is susceptible I now refer 
to Figs. 4 and 5, in which also certain novel 
and useful details of construction applicable 105 
generally to the invention are shown. 

In the modification shown in Figs. 4 and 5 
two rigid arms Land L', each carrying a disk 
JYI, are shown, and this number may be in
creased, if so desired. The rotating disks in I TO 

this ease are mounted on spindles at right 
angles to the axis of rotation of the drum F, 
and the contact points or projections are 
formed as vanes, with faces inclined to the 
plane of rotatiOn, so as to be rotated by the II 5 
movement of the fluid in the manner of tur
bine wheels. 

In order to provide a means for automat
ically adjusting the disks to compensate for 
any wear and keep the ends of the vanes or 120 

points properly immersed in the fluids, each 
disk-carrying arm is impelled by a spring or 
weight in the direction of the periphery of 
the drum. A convenient way to accomplish 
this is to form racks on the arms L L' and to 125 
provide a pinion b in engagement therewith. 
From the shaft of the pinion extends an arm 
c, the end of which is connected to an adjust
able stop d by a spiral spring e, the tendency 
of which is to turn the pinion and force both 130 

arms Land L'toward the periphery of the 
drum. 

In some applications of the invention it is 
practicable to prevent the occurrence of arcs 
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still more effectively or even entirely by 4. A circuit-controller, comprising, in com
using in addition to the non-conducting fluid bination, a ,terminal capable of rotation and 
a sonwwhat heavier fluid W, which is a com- formed or provided with peripheral projec- 70 
paratively poor conductor and which takes tions, a receptacle containing a fluid con-

5 up a position between the conducting and ductor into which the points or projections of 
non-conducting fluids. the said conductor extend, and means for 1'0-

When two or more disks or equivalent de- tating the said receptacle, as set forth. 
vices are uRed, they may be conneeted either 5. A eircuit-controller comprising, in com- 75 
in series or multiple. In the present illus-bination, a terminal capable of rotation and 

10 tration they are shown as in series, and as formed or provided with peripheral pl'ojecc 
the arms Land L' are insulated from each tions, a centrifugal drum or wheel containing 
other and each connected with a terminal of a fluid conductor into which the points or 
the source of current the circuit is completed projections of the said conductor extend,80 
only when a vane of each disk is immersed and means for rotating the said drum, as set 

IS in the conducting fluid and interrupted at forth. 
all other times. ,I 6. A circuit-controller comprising, in com-

The diagram of circuit connections will bination, a terminal capable of rotation and 
serve to illustrate the purpose and mode of op- formed or provided with peripheral projec- 85 
eration of the device. Let f f be the con- tions, a centrifugal drum or wheel containing 

20 ductors from a source of cl11'rent" each includ- a fluid conductor into which the points of the 
iug a self-induction coil 0 0' and connected said terminal extend, and means for adjust
with the arms Land L' and with two eon- ing the latter with relation to the surface of 
ductors B' B", respectively. Then during the fluid, as set forth. 90" 
the periods when the circuit is completed be- 7. A circuit-controller comprising, in com-

25 tween the two arms L L' the coils 0 0' store bination, aterminalhavingperipheralprojec
energy, which on the interruption of said cir- tions and capable of rotation, a centrifugal 
cuit rushes into and charges the condensers. drum or receptacle containing a conducting 
These latter during the periods when the and a lighter non-conducting fluid, the said 95 
circuit is closed between arms Land L' dis- terminal being arranged so that its points or 

30 charge through the primary A' and induce projections extend through the non-conduct
by such discharge currents iri the secondary ing into the conducting fluid, when the fluids 
A", which are utilized for any purpose for are distributed in the drum under the action 
which they may be suited, as in operating of centrifugal force, as set forth. 100 
vacuum-tubes X or suitable lamps Y. 8. The combination with a hollow centrifu-

35 It will be understood that the rotating drum gal drum or wheel containing a conducting 
may be mounted in a horizontal or other plane fluid, a motor for rotating the same, a. sup
and from the nature and objects of the 1'e- port extending through an opening into'. the 
suIts which are attained by the particular drum, and a rotatable terminal having pe- 105 
apparatus described the construction of this ripheral projections, mounted on said support 

40 apparatus may be very greatly varied with- in position in which its projections extend 
out departure from my invention. into the fluid when displaced by centrifu-

Without therefure limiting myself to the gal action, as set forth. 
details of construction and arrangement 9. The combination with a receptacle con- IIO 

shown herein in illustration of the manner taining a fluid and means for rotating the 
45 in which my invention is or may be carried same, a terminal with peripheral projections 

out, what I claim is- capable of rotation, and a spring connection 
1. A circuit-controller comprising, in com- or support for said terminal tending to force 

bination, .a receptacle containing a fluid, it toward the periphery of the receptacle, as 1I5 
means for rotating the receptacle, and a termi- set forth. ' 

50 nal supported independently of the receptacle 10. The combination with a hollowcentrifu-
and adapted to make and break electric con- gal drum or wheel containing a conducting 
nection with the receptacle through the fluid, fluid and a lighter non-conducting fluid,means 
as set forth. for rotating the said drum, a support extend- 120 

2. A circuit-controller comprising in com- ing through an opening into the drum, and a 
55 bination a receptacle containing a conducting rotatable terminal having peripheral pl'ojec

fluid and a non-conducting fluid, means for tions, mounted on said support in position in 
rotating the receptacle and a terminal adapt- which the projections extend through the 
ed to make and break electrical connection non- conducting into the conducting fluid 125 
with the conducting fluid within 01' under the when the fluids are displaced by centrifugal 

60 non-conducting fluid, as set forth. .. action, as set forth., ' 
3. A circuit-controller comprising in com- 11. The combination with a centrifugal 

bination a terminal capable of rotation and drum containing a conducting and a non-con
formed or provided with peripheral contacts, ducting fluid, means for rotating the Cilrum, 130 
a receptacle comprising the opposite terminal a terminal capable of rotation and having 

65 and containing a fluid into which the said peripheral projections, mounted within the 
contacts extend, and means for rotating the drum on a stationary support, and a spring 
receptacle, as set forth.' or its equivalent acting O.n the said terminal 
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and tending to force its projections toward 
the inner periphery of said drum, as set forth. 

12. The combination with a receptacle con
taining a conducting fluid, a lighter fluid of 

5 low conductivity and a non-conducting flilid 
lighter than the others, and means for rotat
ing the receptacle, of a terminal adapted to 
make and break the circuit by movements be- I 

tween the conducting and non-conducting 
fluid through the intermediate fluid of low 10 

conductivity, as set forth. 

NIKOLA TESLA. 

\Vitnesses: 
M. LAWSON DYER, 
PARKER vV. PAGE. 



No. 611,719. 

(No Model.) 

Patented Oct. 4, 1898. 
N. TESLA. 

ELECTRICAL CIRCUIT CONTROLLER. 
(Application filed Dec. 10, 1897.) 

JViR()Uv JMUv ~ nwenLor 

oy ~.~ ~OYJ. 
"rHE NORRIS, PETERS co., PHOTO-LITHO •• W .... S~IINGTO/O. 0. C. 



UNITED ST A TES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y. 

ELECTRICAL-CIRCUIT CONTROLLER. 

SPECIFICATION forming part of Letters Patent No. 611,719, dated October 4, 1898. 

Application filed December 10, 1897. Serial No. 661,403. (No mode].) 

To all wh07n it 71'Uay oonoern: 
Be it known that I, NIKOLA TEsLA, resid

ing at New York, in the county and State of 
New York, have invented cert.ain new and 

,'i useful Improvements in Electrical- Circuit 
Controllers, of which the following isa speci-· 
fication, reference being had to the drawings 
accompanying and forming part of the same. 

In order to secure a more efficient working 
10 of circuit-controllers, particularly in theil' 

use in connection with my system of elec
trical-energy conversion by means of con
denser discharges, I have devised certain 
novel forms of such appliances, comprising 

I5 as essential elements a body of conducting 
fl uid constitu tirig one of the terminals, a con
ductor or series of conductors forming the 
other terminal, and means for bringing the 
two into rapidly-intermittent contact with 

20 each other. These devices possess many de
sirable qualities, particularly that of being 
eminently adapted for making and breaking 
at a very rapid rate an electric circuit and 
thus reducing to a minimum the time of pas-

25 sage of the current through an arc or path of 
high resistance and diminishing t,hereby the 
losses incident to the closure and interrup
tion of the circuit. Continued experimenta
tion with these appliances has led me to make 

30 further important improvements by causing 
the make-and-break to be effected in an inel't 
medium of very high insulating power. 

It is a fact, which was fully demonstrated 
by Poggendorff and utilized by him to im-

35 prove the operation of induction-coils, that 
when the contact-points of a circuit-breaker 
are inclosed in a vessel and the latter ex
hausted to a high degree the interruption of 
the current is rendered more sudden, as if a 

40 condenser were connected around the break. 
Furthermore, my own investigations have 
shown that under such conditions the closure 
also is more sudden, and this to even a greater 
degree than the break, which result I attribute 

45 to the high insulating quality of the vacuous 
space, in con seq uence of which the electrodes 
may be brought in very close proximity be
fore an arc can beformecl'between them. Ob
viously these facts may be utilized in COll-

50 nection with my novel circuit - controllers; 
but inasmuch as only a very moderate im
provement is secured in this manner and as 

the high vacuum required is quickly de" 
stroyed and cannot be maintained, unless by 
a continuous process of rarefaction and other S,'i 
inconvenient measures, I have found it desir
able to employ more effective and practical 
means to increase the efficiency of the de
vices in question. The measures I have 
adopted for this purpose have resulted from 60 
my recognition of certain ideal qualifications 
of the medium wherein to effect a make-and
break. These may be summed up as fol
lows: Fil;St, the medium by which the contact
points are surrounded should have as high 65 
an insulating quality fiS possible, so that the 
terminals may be approached to an ex
tremely short distance before the current 
leaps across the intervening space; second, 
the closing up or repair of the injured dielec- 70 
tric, or, in other wOl'ds, the restoration of the 
insulating power, should be instantaneous in 
order to reduce to a minimum the time dur-
ing which the waste principally occurs; third, 
the medium should be chemically inert, so as 75 
to diminish as much as possible the deterio
ration of the electrodes and to prevent chem-
ical processes which might result in the de
velopment of heat 01', in general, in loss of 
energy; fourth, the giving way of the me- 80 
clium under the application of electrical pres
sure should not be of a yielding nature, but 
should be very sudden and in the nature of 
a crack, similar to that of a solid, such as a 
piece of glass when squeezed in a vise, and, 8,'i 
fifth, most important, the medium ought to 
be such that the arc when formed is restricted 
to the smallest possible linear dimensions and 
is not allowed to spread or expand. As a 
step in the direction of these theoretical re- 90 
quirements I have employed in some of my 
circuit-controlling devices a fluid of high in
sulating qualities, such as liquid hydrocar
bon, and caused the same to be forced, pref
erably with great speed, between the ap- 95 
proaching and receding contact-points of the 
circnit-controller. By the use of such liquid 
insulator a very marked advantage was se
cured; but while some of the above require
ments are attained in this manner certain 100 

defects still exist, notably that due to the 
fact that the insnlating liquid, in common 
with a vacuous space, though in a less de· 
gree, permits the arc to expand in length and 
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thickness, and thus pass through all degrees 
of resistance and causing a more or less con
siderable waste of energy. To overcome this 
defeet and to still more nearly attain the the-

5 Ol'etical conditions required for most efficient 
working of the circuit-con trolling devices, I 
have been finally led to use a fluid insulating 
medium subjected to great pressure. 

The application of gl'eat pressure to the me-
10 dium in which the make-and-break is made 

secures a number of specific advantages. 
One of these may be obviously inferred from 
well- established experimental facts, which 
demonstrate that the striking distance of an 

IS arc is approximately inversely proportional 
to the pressure of gaseous medium in which 
it occurs; but in view of the fact that in most 
cases occurring in practice the striking d is
tance is vel'y small, since the difference of 

20 potential between the electrodes is usually 
not more than a few hundred volts, t,he eco
nomical ad vantages resuHing from the red uc
tion of the striking distance, particularly on 
approach of the terminals, are not of very 

25 great practical consequence. By far the 
more important gain I have found to result 
from an effect which I have observed to fol
low from the action of such a medium when 
under pressure upon the arc-namely, that 

30 the cross-section of the latter is reduced ap
proximately in an inverse ratio to the pres
sure. As under conditions in other respects 
the same the waste of energy in an arc is pro
portional to its cross-section, a very important 

35 gain in economy generally results. A feature 
of great practical value lies also in the fact that 
the insulating power of the compressed me
dium is not materially impaired even by con
siderable increase in temperature, and, fl1r-

40 thermore, that variations of pressure between 
wide limits do not interfere notably with the 
operation of the circnit-controller, whereas 
such conditions are fatal drawbacks when, 
for instance, Poggendorff's method of insu-

45 lating the terminals is used. In many othel' 
respects, however, a gas under great com
pression nearly fulfils the ideal requirements 
above mentioned, as in the sudden breaking 
down and quick restoration of the insulating 

50 power, and also in chemical inertness, which 
by proper selection of the gas is easily secured. 

In carrying out my invention the medium 
under pressure may be produced or main
tained in any proper manner, the improve-

55 ment not being limited in this particular to 
any special means for the purpose. I prefer, 
however, to secure the desired result by in
closing the circuit-controller, or at least so 
much of the same as shall include the termi-

60 nals, in a chamber or receptacle with which 
communicates a small reservoir containing a 
liquefied gas. For purpose of illustration 
this particular manner of carrying out the 
invention is described herein. 

65 ·While the improvement is applicable gen
erally to circuit-controllers, the best results 
will be secured by the use of devices in which 

a high relati\'e speed between the terminals 
is obtainable, and with this special object in 
view I have devised a novel cit'cuit-controller 70 
which, though belonging to the class of which 
I have shown a typical form in my applica
tion for patent filed December 2, 1897, Serial 
No. 660,518, differs in certain particulars of 
construction, which will be understood from 75 
the following com parison: In the previonsly
described form of said circuit-controllers a 
rotary receptacle, carrying within it a series 
of spaced conductors, is driven at a high speed 
by a suitable motor. :iHouuted within and 80 
concentrically with the receptacle, but capa
ble of free independent rotation with respect 
t,hereto, is a body which during' the rotation 
of t,he receptacle is retarded or restrained 
against rotation by the application of a suit- 85 
able force. This body carries a tube or duct 
which takes up at one end a fluid conductor 
contained in the receptacle and rotating with 
the same and discharges it from the other 
end against the rotating spaced conductors. 90 

·While an apparatus thus constructed is 
very efficient and performs the work required 
of it in a highly-satisfactory malll18r, it is 
nevertheless subject to certain limitations, 
arising mainly from the amount of work which 95 
the conducting fluid is required to perform 
and which increases ,yith the speed. vVith 
the object of overcoming objecliol1s that 
might lie to this form of circuit-controller in 
t.he particular referred to, I devised the form 100 

of instrument shown herein. The features 
which more particularly distinguish this form 
are the following: I employ a closed station-
ary receptacle within which is mounted a 
body that is capable of being rotated in any 105 

way-as, for example, by the drag or pull 
upon it of an external field of force 01' a mag-
net rotated bodily. The rotary body impal'tH 
rotation to a series of spaced couductors 
within the receptacle and also operates as a I IO 

pump to maintain a How of conducting fluid 
throngh one or more stationary ducts and from 
the same against the rotating conductors. 

The details of this apparatus will be de
scribed by reference to the accompanying I [5 
drawing, which is a vertical central section 
of the circuit-controller com plete. 

A is a receptacle, of iron, steel, or other 
proper material, with a head 13, secured by a 
gas-tight insulating-joint. ·Within this re- I20 

ceptacle is contained the circuit-controller, 
which, in so far as the main feature of my 
present invention is concel'l1ed, may be of any 
desired construction, but which, for the rea-
son stated above, is of the special character 125 
shown. A spindle C is screwed or otherwise 
secured centrally in the head B, and on this 
is mounted on antifl'iction-bearings a body 
to which rotary motion may be imparted. 
'rhe construction of t,he device in this particl1- 130 

111,1' and the means for imparting rotation to 
the said body may be greatly varied; but a 
convenient mea,ns for accomplishing this is 
to secure to the rotary sleeve D a laminated 
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magnetic core E and place around the portion 
of the head B which contains it a core F, 
provided with coils and constituting the pri
mary element of a motor capable of produc-

5 ing a rotary field of force whieh will produce 
a rapid rotation of the secondary elernent or 
core E. To the depending end of the sleeve 
D is secured a conductor G, usually in the 
form of a disk with downwardly-extending 

10 teeth or peripheral projections H. To the 
sleeve or the disk G is also attached, but in
sulated therefrom, a shaft '1', having a spiral 
blade and extending down into a well or cy
lindrical recess in the bottom of the recepta-

15 cleo One or more ducts or passages J lead 
from the bottom of this well to points near 
the path of the conducting-teeth H, so that 
by the rotation of the screw I a conducting 
fluid, which runs into the well from the recep-

20 tacle, will be forced up through the duct or 
ducts, from which it issues in a jet or jets 
against the,rotating conductor. To facilitate 
this operation, the well is surrounded by a 
flange Ie, containing passages L, which per-

25 mit the conducting fluid to flow fl'om the re
ceptacle into the well, arid having beveled 
sides which serve as a shield to deflect the 
fluid expelled from the ducts through the 
spaces in the conductor to the bottom of the 

30 receptacle. 
M is any suitable reservoir communicating 

with the interior of the main receptacle and 
containing a liquefied gas, such as ammonia, 
which maintains a practically inert atmos-

35 phere under pressure in the receptacle.c 

Preferably, though mainly as a matter of 
convenience, the receptacle M is a metal cup 
with a hollow central stem N, the opening 
for the passage of gas being controlled by a 

40 screw-valve in the top of the cup. The said 
cup is screwed onto the end of the spindle 
C, through which is a passage 0, leading into 
the interior of the receptacle A. -

The receptacle A and the conducting fluid, 
45 which is generally mercury, being normally 

insulated from the head B and the parts at
tached and supported thereby, are connected 
to one part of the circuit to be controlled. 
The other circuit connection is made by a con-

So ductor P to any part of the head, so that 
when the core E and conductor G are rotated 
the circuit will be completed between the 
two insulated parts of the receptacle through 
the jet or jets of conducting fluid whenever 

55 they impinge upon the said conductor. 
To insure a good electrical connection be

tween the sleeve D and the spindle C, I pro
vide in the former a small chamber R, which 
contains mercury, and into this the end of 

60 the spindle C extends. 
The special advantages of this particular' 

form of circuit-controller heretofore referred 
to will now more readily appear. The mass 
and weight of the rotating parts are greatly 

65 reduced and a very high speed of rotation ob
tained with small expenditure of energy. 

The power required to maintaiu the jets of 
conducting fluid is, moreover, very small. 

Having now described my invention, what 
I claim is- 70 

1. The combination with a closed recepta
cle, of a circuit-controller contained therein 
and surrounded by an inert insulating me
dium under pressure. 

2. The combination with a closed. recepta- 75 
cle, of a circuit-controller contained therein 
and means for maintaining within said recep
tacle an inert atmosphere under pressure. 

3. '1'he combination with a closed recepta
cle, of a circuit-controller contained therein, 80 
and a vessel containing a liquefied inert gas, 
and communicating with the interior of the 
receptacle. 

4. The combination with a circuit-control
lingmechanism, one part or terminal of which 85 
is a conducting flnid, such as mercury, of a 
receptacle inclosing the same and means for 
maintaining an inert gas under pressnre in 
the receptacle. 

5. The com bination with a conductor or se- 90 
ries of conductors constituting one terminal 
of a circuit-controller, means for maintaining 
a stream or jet of conducting fluid as the 
other terminal ·with which the conductor 
makes intermittent contact, a close recepta- 95 
cle containing the terminals, and means for 
maintaining an inert atmosphere under pres
sure in the receptacle. 

G. A device for making and breaking an 
electric circuit comprising, in combination, 100 

means for maintaining a jet or stream of con
ducting fluid which constitutes one terminal, 
a conductor or conductors making intermit
tent contact with the jet and constituting the 
other terminal and a receptacle inclosing and I D5 
excluding oxygen from the said terminals. 

7. The combination with a receptacle, of 
a conductor or series of spaced conductors 
mounted t,hereil1, a motive device for rotat-
ing said conductors, one or more nozzles for IIO 

directing a stream or jet of fluid against the 
conductor, and a force-pump in direct con
nection with the conductor for maintaining a 
circulation of conducting fluid contained in 
the receptacle through the nozzle or nozzles, II5 
the conductor and the fluid constituting re
specti vely the terminals of a circuit-controller. 

S. The combination of a casing, a conductor 
or series of spaced conductors mounted there-
in, a motor for rotating the same, one or more 120 

ducts or channels from a receptacle contain-
ing a conducting fluid and directed toward 
the conductors, and a screw operated by the 
motor for forcing the cond ucting fluid through 
the duct or ducts against the conductors, the 125 

conductors and the fluid constituting the ter
minals of an electric-circuit controller. 

D. The combination with a receptacle con
taining a conducting fluid, of a conductor 
mounted within the receptacle, means for 1'0- 130 
tating the same, a screw rotating with the 
conductor and extending into a well in which 
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the fluid collects, and a duct or ducts leading 
from the well to points from which the fluid 
will be directed against the rotating con
ductor. 

5 10. The combination with the receptacle, 
of a spindle secured to its head or cover, a 
magnetic core mounted on the spindle within 
the receptacle, means for rotating said core, 
a conductor rotated by the core, and a pump-

ing device, such as a screw rotated by the 10 

core and operating to maintain a jet or jets 
of conducting fluid, against the conductor, 
when in rotation. 

NIKOLA TESLA. 
·Witnesses: 

]\1. LAWSON DYER, 
G. "\-V. MARTLING. 
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1'0 all Wh07YV it 7Y/;C/;Y concern: 
Be it known that I, NIKOLA 'l'ESLA, resid

ing at New York, in the county and State of 
New York, have invented certain new and 

5 useful Improvements in Electrical- Circuit 
Controllers, 9f which the following is a speci
fication, reference being had to the drawings 
accompanying .and formin~ a part of the 
same. 

10 In the electrical system or combination of 
apparatus for the conv·ersion of electrical en
ergy by means of the discharges of a condenser 
invented and heretofore described by me the 
means employed formaking and breaking the 

IS electric circuit, though performing a subor
dinate function, may from the peculiar con
ditions which exist become a highly im portant 
consideration, not only as regards their prac
ticabiiityand durability, but also the econ-

20 omy in the operation of the system or appa
ratus. Of such importance is this consider
ation that for the most efficient and reliableop
eration of my said system I have found it nec
essary to devise special appliances for mak-

25 ing and breaking the circuit which differ ma
terially in construction and mode of opera
tion from any previously-existing devices of 
this character of which I am aware. Inthe 
forms of such apparatus which I have pro-

30 duced at least one of the terminals is a con
d ucting fluid, while the other is us ually a solid 
conductor or series of conductors, both being 
preferably inclosed in a gas-tight receptacle 
and brought by rotary movement into rap-

35 idly iutermittent contact. I have shown and 
described typical forms of such circuit-con
trollers in applications Serial No. 660,518, 
filed December 2, 1897; Serial No. 639,227, 
filed June 3, 1897, and Serial No. 671,897, 

40 filed February 28, 1898. 
The invention, subject of my present ap

plication, pertains to apparatus of this class 
and involves certain improvements in the 
construction and mode of operation of the 

45 same which have primarily for their object 
to secure a greater relative speed between the 
two terminals, whereby the periods of make
and-break, during which occurs the chief loss 
of energy, may be materially shortened and 

50 also a higher frequency of current impulses 
secured. A brief consideration of the forms 
of circuit-controller of this general kind which 

I have heretofore shown and described will 
conduce to a better understanding of the prin
ciples followed in the construction of the ap- 55 
paratus upon which my present application 
is based and of th.e primary object which I 
have in view-to increase the relative speed 
of the two terminals in approaching and re-
ceding from each other. 60 

In some forms of the circuit - controllers 
heretofore described by me I employ a closed 
receptacle capable of being maintained in 
rapid rotation. Within this receptacle is 
mounted a body the rotation of which is re- 65 
tarded or prevented and which carries a tube 
or duct which takes up a conducting fluid 
from the receptacle when the latter is rotated 
and directs the said fluid against a conductor 
or series of spaced conductors carried by the 70 
rotating receptacle. This apparatus, while 
effective to a high degree and possessirig many 
advantages over previously-existing forms, is 
nevertheless subject to certain limitations as 
to efficiency, having regard to the speed at 75 
which the receptacle is rotated, for not only 
mayan undue loss of energy result from ro
tating the receptacle, bnt also from the un
necessarily-rapid movement of the conduct
ing fluid. With a view to improving the ap- 80 
paratus in these particulars I devised forms 
in which the receptacle was stationary and 
the interior terminal conductor rDtated, aud 
by this· means I red uced the mass and weight 
of the moving parts. I also employed a de- 85 
vi,ce in the natnre of a pump, which formed 
a part of the circuit-controller proper and 
was operated by the motor used for rotating 
the conductor, and thus maintained a flow of 
conducting fluid from ducts in the receptacle 90 
against the rotating conductor with no greater 
speed than required for efficient operation. 
By such an apparatus itis not only possible 
to secure a higher relative speed between the 
two terminals, but to do this with a smaller 95 
expenditure of mechanical energy. To still 
further increase the relative speed of the 
terminals, I now provide for rotating each of 
the terminals with respect to the other, so 
that the rate of mutual contact is very greatly 100 

increased. 
Obviously various means may be employed 

for rotating the conductors, or, in general, the 
two essential parts which by their movement 
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produce a make aud break; but in the an- By the rotation of receptacle D the conductc 

nexed drawings I have only shown such forms ing fluid is carried by centrifugal force np 
of the apparatus as best illustrate the pres- the sides or walls of the same and is taken np 70 

ent im provemen t. by the tu bes or ducts V and discharged against 
5 Figure 1 is a central vertical section of a the rotating conductors L. If, therefore, one 

circuit-controller comprising a conductor or terminal of the circuit be connected with any 
series cif condl1etors forming one terminal part of the receptacle D or the metal portions 
:wd means for maintaining a jet or jets of of the instrument in electrical connection 75 
conducting fluid constituting the other ter- therewith and the other terminal be connect~ 

10 minaI, which are arranged to be rotated in ed to the plate JU, the circuit between these 
opposite directions. Fig. 2 is a similar view terminals will be completed ",·henever a jet 
of a modified form of circuit-controller. from one of the ducts Vis discharged against 

A designates a casting of cylindrical form OIle of the projections L and interrupted when 80 
within which is a standard or socket B, in the jets are discharged through the spaces 

15 which is mounted a vertical spindle 0, car- betw,een such projections. I have indicated 
l'ying the circuit-controlling mechanism. The the necessary circuit connections by wires X 
said mechanism is contained in a receptacle and X', connected, respectively, with a brush 
D, of iron or steel, the top or cover of which 1\1', beal'iug upon the circular plate M, and a 85 
is composed of an annular plate E and a cap binding-post X", set in the frame or casing A. 

20 or dome F, the latter being of insulating ma- In Fig. 2 a modified form of apparatus is 
teria10r of a metal of comparatively high spe- shown and by means of which similar results 
cific resistance, such as German sil vel'. The are obtained. In this device the top and bot
receptacle D as a whole is made air - tight tom A' of the receptacle are metal plates, 90 

and any suitable means may b~ employed while the cylindrical portion or sides A" is of 
25 to effect its rotation, the particular device insulating material, sU,chas porcelain. With

shown for this purpose being an electromag- in the receptacle and preferably integral with 
netic motor, one element, G, of which is secured the side walls A" are two annular troughs 'IV 
to the spindle C or receptacle D and the other, 'IV', which contain a conducting fluid B', such 95 
II, to the box or case A. )Vithin the recepta- as mercury. Terminals 0' O",passing through 

30 cle D and secured to the top of the same, but the bottom of the receptacle through insulat
insulated therefrom, is a circular conductor ing and packed sleeves, afford a means of con-
IC, 'with downwardly-extending projections or necting the mercury in the two troughs with 
teeth L. This conductor is maintained in the conductors of the circuit. Surrounding 100 

electrical connection with a plate M outside that portion of the device in which the troughs 
35 of the receptacle by means of screws or bolts 'IV 'IV' lie is a core D', wound with coils D i

, j 

N, passing through insulated gaskets in the arranged in any suitable and well-known man
top of the receptacle D. Within the latter ner to produce; when energized by currents 
is a standard or socket 0, in which is mOll nt- of different phase, a rotating magnetic field 105 

ed a spindle P, concentric with the axis of the in the space occupied by the· two bodies of 
40 receptacle. mercury. To intensify the action, a circular 

Any suitable means may be provicled for laminated core E' is placed within the recep
rotating the spindle P independently of the tacle. If by this or any other means the 
receptacle D; but for this purpose I again mercury is set in motion and caused to flow 110 

employ an electromagnetic motor, one ele- around in the troughs, and if a condnctor be 
45 ment, Q, of which is secured to the spindle P mounted in position to be rotated by the mer

within the receptacle D and the other, R, is cury, and when so rotated to make intermit
secured to the box A and surrounds the cap tent contact therewith, a circuit-controller 
or dome F, \yithin which is mounted the ar- may be obtained of novel and distinctive I1S 
mature Q. character and capable of many useful appli-

50 Depending from the spindle Pot' the at'ma- cations independently of the other features 
ture Q is a cylinder S, to which are secured which are embodied in the complete device 
arms 'r T, extending radially therefrom and which is illustrated. For the present purpose 
supporting short tubes or ducts Y between I provide in the center of the receptacle a 120 

the peripheral \valls of the receptacle D and socket in which is mounted a spindle P', car-
55 the series of teeth or projections L, rying a disk G'. Depending from said disk 

The tubes V have openings at OIle end in are arms H', which afford bearings for a shaft 
close proximity to the inner wall of the recep- K', supporting two star-shaped wheels L' L", 
tacle D and turned in a dil'ection opposite to arranged to make contact with the mercury 125 
that in which the latter is designed to rotate in the two troughs, respectively. The shaft 

60 and at the other end orifices which are adapt- K' is mounted in insulated bearings, so that 
ed to direct a stream or jet of fluid against when both wheels are in contact with mercury 
the projections L. the circuit connecting the terminals 0' Oil 

'ro operate the apparatus, the receptacle D, will be closed. The disk G' carries an annu- 136 
into which a suitable quantity of conducting lar core N', which is adapted to be maintained 

65 fluid, such as mercury, is first poured, and in rotation by a core 0' and coils 0", sup-
the spindles P are both setinrotation by their I ported outside of the receptacle and prefer
respective motors and in opposite directions. ably of the same character as those used for 
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imparting rotation to the mercury; but the 
direction of rotation should be opposite to 
that of the mercury. 'l'he rate of rotatiou of 
the wheels L' L" depends upon the rate of 

5 relative movement of the mercury, and hence 
if the mercury be caused to flow in one direc
tion and the wheels be carried bodily in the 
opposite direction the rate of rotation, and 
consequently the frequellcy of the makes and 

10 breaks, will be very greatly increased over 
that which would be obtained if the wheels 
L' L" were supported in a stationary bearing. 

It is obvious that by means of devices of 
the character described a rapid interruption 

IS of the circuit may be effected, while all the 
practical advantages which may be derived 
from inclosing the terminals or contacts in a 
closed receptacle are readily realized to the 
fullest extent. 

Having now descrlbed my invention, what 20 

I claim is-
1. In a circuit-controller, the combination 

with rigid and fluid conductors adapted to be 
brought intermittently into contact with each 
other, thereby making and breaking the elec- 25 
tric circuit, of means for imparting rotary 
motion to both of said cond nctors, as set forth. 

2. In a circuit-controller, the combination 
with a receptacle containing a conducting 
fluid, means for imparting a movement of 1'0- 30 
tation to the fluid, and a conductor adapted 
to be rotated by the movement of said fluid 
and to thereby make and break electric con
nection with the fluid, as set forth. 

NIKOLA TESLA. 
Witnesses: 

M. LAWSON DYER, 
G. W. MARTLING. 
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To alt whOln if; lJUl-!J ron cern: 
Be it known that I, NIKOLA TESLA, a citi

zen of the United States, residing at New York, 
in the county and State of New York, have in-

S vent.ed certain new and useful improvements 
in methods of and apparatus for controlling 
from a distance ihe operation of the propel
ling - engines, the steering appal'atus, and 
other mechanism carried by moving bodies or 

10 floating vessels, of which ihe following is It 
specification, reference being had to the draw" 
iugs accompanying and fOl'jningpart of the 
same. 

The problem for whieh the iuventiou form-
IS ing the subject'of Diy present application af

fords a complete and practicable solution is 
.that of controlling from a given point the op
eration of the propelling-engines, the steer
ing apparatus, and other me0hanism carried 

20 by a moving 'object, such as a boat or any 
floating vessel, whereby the movements and 
cOllrse of such body or vessel may be directed 
and controlled from a distance and any de
vice carried by the same brought into action 

25 at any desired tiliw. So far as I am aware 
the only attempts to solve this problem which 
have heretofore met with any m()asure of suc
cess have been made in connection with a 
certain class of vessels the machinery of 

30 which was governed hyelectric currents con
veyed to the controlling apparatus through a 
flexible conductor; but this system is subject 
to such obvious limitations as are imposed by 
the length, weight, and strength of the con-

35 ductor which can be practieally used, by the 
difficulty of maintaining with safety a high 
speed of the vessel or changing the direction 
of movement of the same with the desired 
rapidity, by the necessity for effecting the, 

40 control from a poin t which is practically fixed, 
,and by many well-undenltood drawbacks in
separably connected with such a system. '!'he 
plan which I have perfected involves none of 
these. objections, fo'r I am enableq by the use 

45 of my invention to employ any means of pro
pl1l~ion, to impart to the moving body or ves
sel the highest possible speed, to control tbe 
operation of its machinery and to direct its 
movements from either ~ fixed point or from 

50 a body moving and changing its direction 
however rapidly, and to maintain this control 
over great distances without any artificial 

connections between the vessel and the ap~ 
paratus governing its movements and with
out such restrictions as these lllUSt necessarily 55 
impose. 

In a broad sense, then, my invention dif-
. fers from all of those systems which provide 
for the con trol of the mechanism carried by a 
moving object and governing it·s motion in 60 
that I require no intermediate wires, cables, 
or other form of electdcal or mechanical con
nection with the ouject /:lave the natural mo- . 
dia in space. I accomplish, nevertheless, 
similar results and in a much more Ipractica- 65 
ble manner by pl'oducing waves, impulses, 01' 

rad iations which are received through the 
earth, water, or atmosphere by suitable ap
p&ratus on tbe moving body and cause the 
desired actions 80 long as the body remains 70 
within the active region or effective range of 
such ell ITents, waves, impulses, or radiations. 

Tho Illany and difficult requirements of the 
object here contemplated, involving peculiar 
means for transmitting to a considerable dis- 75 
tance an intluence capable of causing in a 
positive and reliable manner these actions, 
necessitated the designing of devices and ap
paratus of a novel kind in order to utilize to 
the best advantage various facts or results, 80 
which, either through my own investigat.ions 
or those of others, have been rendered prac
tically available. 

As to that part of my invention which in
volves the production of suitable waves or 85 
variations and the conveying of the same to 
a remote receiving apparatus capable of be
ing operated or controlled by their influence, 
it may be carried out in various ways, which 
are at,the present time more or less under- 90 

stood. For example, I may pass through a 
conducting-path, pt'eferably inclosing a large 
area, a rapidly-varying current and by elec
tromagnetic induction of the same affect a 
circuit carried by the moving body. In t.bis 95 
case the action at. a given distance will be the 
stronger the larger the area inclosed by the 
conductor and the greater the rate of change· 
of the current. If the latter were generated 
in the ordinary ways, the rate of change, and 100 

conseq uently the dist.ance at which the action 
would be practically available for the present 
purpose, would be very small; but byadopt-
ing such means as I have devised-that is, 
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either by passing through the conducting-path ' but obviously my invention in its broad f~.a;~ 
currents of a specially - designed high - fre- tUl'es is not limited to the special mode and 
quency alternator or, better still, t.}:lose of a appliances which I have devised and shall 7,0 
strongly-charged condenser-a very high rate here describe. " ' . 

5 of change may be obtained and the effective In any event--that is to say, whichever of 
range of the. influence thus extended over a the abOVE) or similar plans I may adopt-and 
vast area, and by carefully adjusting the eir.. particularly when the,influence exerted from 
cllit ou the moving body so as tobEfin exact a distance npon the receiving-circuit be too 75 
electromagnetic synchronism with the pri- small to directly and reliablyaffect and actu-

·10 mary disturbances this influence may be utH- ate the controlling apparatus 'I employ auxil-
izecl at great distances,. iary sensitive relays or, generally speaking, 

Another way to carry out my invention is ,means capable of being brought into action 
to direct the cnrrents or dischargesof a high-'by the feeblest influences in order to effect 80 
fl'equency machine or condenser through a the control of the movements of the distant 

~5 circuit one wrminal of which is, connected body with the least possible expenditure of 
directly, or inductively with the ground and energy and at the greatest practicable dis
the other to a body, preferably of large sur- tance, thus extending the range andcuseful-
face and at an elevation. In this case if the ness of my invention, 85 
circuit on the moving bQdy be similarly ar- A great variety 9f electrical and other de-

20 ranged or connected· differences of potential vices more or less suitable for the purpose of 
on the terminals of the circuit either by con- detecting and utilizing feeble actions are now 
duction or electrostatic induction are pro- well known to scientific men and artisans and 
ducedand the same object is attained. Again, need not be all en t1 merated here. Conpning 90 

, to seCllre the best action the receiving-circuit myself merely to the electrical as the most 
25 should be adjusted so as to be in electromag- practicable of such means and referring only 

netic synchronism with the primary source, to those which, w.bile not the most sensitive, 
as before; .but in t,his instance it will be un- are perhaps more readily available from the 
derstood by those skilled in the art that if the mbre. general knowledge which exists ,regard- 95 
num bel' of vibrations per unit of time be the ing them, I may state that a contriv~;nce may 

30 same the circuit should now have a length be used which has long been known and used 
of conductor only one-half of that used in the as a lightning-arrester incollnection with 
former case. - . ' telephone-switchboards fOl-operating annun

Still another way is to pass the currents ciators and like devices, comprising a bat- 100 
~imply thro.ugh the ground by connecting tery the poles of which are connected to two 

35 both the terminals of the source of high-fre- conductIng-terminals separated by a niinute 
quency currents to earth at different and re- thickness of dielectric. Th~ electromotive 
mote points and to utilize the currents spread- force of the battery should be such as to st1ain 

.. ing through the ground for affecting a re- the thin dielectric layer very nearly to the 105 
ceiving-circuit properly placed and adjusted. point of breaking down in order to increase 

40 Again, in this instance if onlyona of the ter- .the sensitiveness. When an ~lectrical dis~ 
minals of the receiving-circuit be conn~cted turbance reaches a circuit so arranged 'and 
to the grQund, the other terminal being insu- adjusted,additional strain is put upon: the 
lated, the adjustment as to synchronism with insulating-film, which gives way and allo:ws 1 lo 
the source will require. that pnder otherwise the passage of a curl'(mt which can be utH-

'45 equal conditions the Jength of ~rebe.half of ized to operate any form ofcircuit-controlling 
that which would bepsed ~f both the term i- apparatus. ' 
nals be connected oI';genera,lly, if the circttit Again, another contrivance capable of be-
be i~ the form of a; 'closed loop ~ot coil.,. Ob- ing utilized in detecting feeble electricalef- ItS 
viously also in the latter case the' relative po- fects consists of two conducting plates or ter-

50 sition of the receh'ing and transmitting cir- minals. which have, preferably, wires of some 
cuits is of importance, whereas if the circuit length attached to them and al'e bridged by 
be, 6f the former kind-that is, open-the a mass of minute particles of metal or other 
relatjve position of the circuits is, as a rule, conducting material. Normally t1;J.ese par- 12.0 

of little or no consequence. ' ,ticles 'lying loose do not connect the metal 
55', Finally, I may avail myself, in carrying out plates; but under the' infltience.of an elec

my invention, of electrical oscillations which trimi.ldisturbance produced at a distance, 
do not follow any particular condri!Jting-path, evidently owing to electrostatic attra~tion, 
but propagate in straigh t lines through space, . they are pressed firmly against eaQh 'other, 125 . 

, of rays, waves, pulses, or di!;!~urbancesof any thllsestablishing a good electrical connectio~ 
60 kind capable of bringing, the mechanism of between the-two terminals., This change of 

the moving 1?ody intoaction from a distance state may be made use of i11.a number of ways 
and at the wlll of the operator by their effect for the above purpose. ' 
upon suitable controlling devices. Still .another mO'dified device, which may 130 

In the followingo:etailed description I shall be said to embody the features of both the 
65 confine myself to ahexplanation of that former, is .obtained by connecting the two 

method. and apparatus o~ly which I have cOJiductingplatesorterminals above refeJ;red 
found to be the most practICal and ~ffectual; ~o permanently with the poles of a battery 
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which should be of very constant electromo- ; tric its original unimpaired insulating quali
tive force. In this arrangement a distant ties in order to enable the device to be used 
electrical disturbance produces a twofold ef- in successive operations. This is usually ac- 70 

fecton the conducting particles and insulat- comp.1ished by a gentle tapping or vibration 
5 ing- films between them. The former are of the electrodes or particles or continuous 

brought nearer to each other in consequence rotation of the same; but in lqng experiellcc 
of the sudden increase of electrostatic attrac- with many forms of these devices I have found 
tion, and the latter, owing to this, as well as that such procedures,while suitable in simple 75 
by being reduced in thickness or in number, and comparatively unimportant operations, 

10 are subjected to a much greater strain, which as ordinary signaling, when it is merely re-
they are unable to withstapd. quired that the succeeding effects produced 

It will be obYiously noted from the pre- in thereceiving-eircuit should differ in re
ceding that whichever of these or similar gard to their relative duration only, in which 80 
contrivances be nsed the sensitiveness and, case it is of little or no consequence if some 

IS what is often still more important, the reli- of the individual effects be altered or incom
ability of operation il'! very materially in- plete or even entirely missed, do not yield 
creased by a close adjustment of the periods satisfactory results in many instances, when 
of vibration of the transmitting and receiv- it may be very important that the-effects pro- 85 
ing circuits, and, although such adjustment dnced should all be exactly snch as desired 

20 is in many cases unnecessary for the success- and that none should fail. To illustrate, let 
. ful carrying out of my in vention, I neverthe- it be supposed that an official directing the 
less make it a rule to bestow upon this fea- movements of a vessel in the manner de
ture the greatest possible care, not only be- scribed should find it necessary to bring into 90 
cause of th~ above-mentioned advantages, action a special device on the latter or to per-

25 which are secured by the observance of the form a particular operation, perhaps of vital 
most favorable conditions in this respect, but moment, at an instant's notice and possibly 
also and chiefly with the objeet Of prevent- when, by design or accident, the vessel itself 
ing the receiving-circuit from being affected· or any mark indicating its presence is hidden 95 
by waves or distQrbances emanating from from his view. In this instance a failure or 

30 sources not under the control of the operator. defective action of any part of·the apparatus 
The narrower the range of vibrations which' might have disastrous consequences and such 
are still capable of perceptibly affectil'g the cases in which the sure and timely working 
receiving-circuit the safer will the latter be of the machinery is of paramount importance 100 

against extraneous disturbances. To secure may often present themselves in practice, and 
35 the best result, it is necessary, as' is .well this consideration has impressed me with the 

known to experts, to construct the receiving- necessity of doing away with the defects in 
circuit or that part of the same in which the the present devices and procedures and of 
vibration chiefly oCCJlrs so that it will have producing an apparatus which while being 105 

the highestpossibleself-iildnction and at the sensitive will also be most reliable and posi-
~o same time. the least possible resistance. In tive in its action. In the arrangement ,here-

this manner I havedemonstl'ated thepractica- inafter described these defects are overcome 
bility of providing a grea.t n urn ber of such re- in·a most satisfactory manner, enabling thon
ceiving-circuits-fifty ora hun'dred,ormore- sands of successive operations, in all respects 110 

each of which may be called up or brought alike, being performed by the controlling ap-
45 into action whenever desired without theoth· parat.ns without a single irregularity or miss 

ers being interfered with. This result makes being recorded. For a better understanding 
it possible for one operator to direct simul- of these and other details of the invention as 
taneously the mo\'ements of a number of I now carry them out Iwoultl refer to the ac- lIS 
bodies as well as to cont.rol the action of a companying drawings, in which-

50 number of devices located on the same body, Jfigure 1 is a plan view of a vessel and 
each of which may have a distinct dut,y to mechanism within the same. Fig.·2 isalon
fulfil. In the following des~ription, how- gitudinal section of the same, showing the in
ever, I shall show a still further development terior mechanism in side elevation. Fig. 3 is 120 

. in this direct,ion-namely, how, by making a plan view, partially diagrammatical, of the 
. 55 use of merely one receiving-cil'cuit, a great vessel, apparatus, and circuit connections of 

variety of devices may be actuated and any the same. Fig. 4 is a plan view, on an en
number of different functions performed at larged scale, of a portion of the contro1::.1g 
the will and command of the distant oper- mechanism.. Fig. {j is an end view of the 125 

ator. _. same. Fig. 6 shows the same mechanism in 
60 It should be stated in advance in regard to side elevation. Fig. 7 is a side view of a (le

the sensitive devices above mentioned, which tail of the mechanism. Fig. 8 is a central 
may be broadly considered as belonging to sectional view, on a larger scale, of a sensitive 
poe class, .inasm uch as the operation of all device forming part of the receiving-circuit. J 30 

of them involves the breaking down of a Fig.!) is a dingrammatic illustration of the 
65 minute thickne8s of highly-strained dielec- system in its pl'eferred form. Fig. 10 is a 

tric, that it is necessary to make .some provi- view of the yarions mechanisms employed, 
sionfor automatically restorIng to the rlielec- but on a larger scale, anrl1eaving out or inrli-
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eating conventionally certain parts of well
understood ·character. 

· Referring to Figs. 1 and 2, A designates. any 
type of vessel or vehicle which is capable of 

. 5 being propelled and directed, such as a boat, 
a balloon, or a cat:riage. It may be designed 
to carry in a suitable compartmentB objects 
of.any kind, according to the nature of the 
uses to which it is to be applied. The Ves-

10 sel~in this instance a boat-is provided with 
lsuitable propelling machinery, which is shown 
as comprising a screw-propeller C, secured to 
the shaft of an electromagnetic motor D, which 
derives its power from storage batteries E E 

IS E. E. In ad(jition .to the propelling engine or 
motor the boat carries also a small steering
motor F, the shaft of which is extended be
yond its bearings and provided with a worm 
which meshes with a toothed wheel G. This 

20 latter is fixed to a sleeve b, freely movable on 
a ,vertical rod H, and is rotated in one or the 

· other direction, according to the direction of 
rotation of the motor F. 

The sleeve b on ro(lH is ill gear through 
25 the cog-wheels H' and .H", with a (pindle G, 

mounted in vertical bearings at the stem of 
the boat and carrying the rudder' F'. 

The apparatus by meaDS of which.the op
eration of both the propelling and steering 

30 mechanisms is controlled invol,es, primarily, 
a rec~ivll'lg-circuit, which for reasons before 
stated is preferl.'bly both adjusted and ren
de red sensitive to the infin,ence of waves or 
imp~lses emanating from a C remote source, 

35 the adjustment being so that the period of 
oscillation of the circuit is either the same as 
that of the source or a harmonic thereof. 

The receiving-circuit proper (diagrammat
icallyshown in Figs. 3 and 10) comprises a 

40 .terminal E', conductor C', a sensitive device 
A'-; and a conductor A", leading to the gron nd 

. conveniently throllgh a connection to the 
· metalkeel B' of the vessel. The terminal E' 

c' should present a large conducting-surface 
45 and should besup:vorted as high aspractica
. bleonastandardD, which is shown as broken 

in Fig. 2; but :iuch provisions are not always 
necessary. It is important' to insulate very 

. well the conductor 0' in whatev,er manner it 
So be supported. . 

The circuit or path just referred to forms 
also a part of a local circuit, which latter in
cludes.a rl"lay-magnet a and a bat,tery a', the 

. electromotive force of which is, as before ex-
55 plained, so determined that although the di

electric layers in the sensitive device A' are 
subjected .to a great strain, yet normally they 
withstand the strain .andno appreciable cur
rent·flows through the local circuit; but when 

ISo an electrical disturbance reaches the circuit 
the 'dielectric films are broken down, there
sista.nce of the device A' is suddenly and 
greatly diminished; and,a current traverses 
the relay-magnet A .. 

65 . The particular sensitive device employed 
. is s):lown in genera] views and in detail in 

Figs; 4, 6, 7, and 8~ It consists of a metal 

, . ,.... . ,~ ," 

cylinder e, with insulating-heads cl
, through 

which passes a central metallic rod c". A 
small quantity of grains dof conducting rna· 70 
terial, such as an oxidized metal, is placed in 
the cylinder. A metallic strip d', secured to 
an insulated post a", bears against the side 
.of the cylinder c, connecting it with the con- . 

. ductor C', forminp,. one part of the circuit.7S 
The central rod c ' IS connected to the frame ,. 
of the i'nstrument and so to the other part of . 
the circuit through the. forked metal arm ~, 
the ends of which are fastened withtwo nuts 
to the projecting ends of the rod, by which 80 
means the cylinder c is supported. 

In order to interrupt: the flow of batt~l'y
current which is started through the action 
of the' sensitive device A', special means are· 
provided, which are as follows: Tl).earmature 85 
e' of the magnet a, when attracted by the lat
_ter,closesacircuitcontaininga batteryb' and 
magnetf. The armature-lever f' of this mag
net' is fixed to a rock-shaftj", to which is se
cured an anchor-escap~ment g, which con- ,90 
troIs the movements of a spindle g', driven by 
a clock-train K. The spindle g' has fixed to" / 
it a disk g" with four pins b", so thatfor each 
oscillation of the escapement g the spindle g' 
is turned through one-quarter .of a revolu- ?S 
.tion. Orie of the spindles in the clock-train, 
as h, is geared so as to make one-half of a 
revolution for each q Ilartl"r-revolution of spin-
dle g'. 'l'he end of the former spindle ex
tend!;! through the side Of the fram~ and car- 100 
des an eccentric cylinder h', which passes 
through a slot in a lever h", pivoted to the 
side of the frame. .'l'he fOrked arm e, which 
slipports the cylinder l;,. is pivoted to the end 
of eccentric 7b', and the . eccentric and said 105 
arm are comiected by a spiral spring l. Two 
pins i' i' extend out from the lever h", and 
one of these is.always in the path of a pro
jection on arm e. They operate to prevent 
the turniIig of cylinder c with the spindle h 110 

and the eccentric. It will be evident that a 
half-revolution of the spindle hwill wind up 
the spring -i and at the same time raise or 
lower the leverh" ,and these parts are so ar
ranged that just before the h~1f-revolution of 115 
the spindle is completed the pin i', in engage
ment with projection .01' stop-pin p, is with
drawn from its path; and the cylinder· c, obey-
ing the force of the spring i, 'is 'suddenly 
turned end for end, its motion being checked 120 

by the other pin i'. The adjustment rela
tively·to armaturej' of magnetj is furth~~ 
more so made that the pin i' is withdrawn a~ 
the moment when. the armature has nearly 
reached its extreme position in its approach 1'25 

toward the magnet.,-that is, when the lever l, 
which carries the armature j', almost touches 
the lower one of .the two stops s s, Fig; 5-
which limits its motion in bot,h directions. 

TJiearrangement just described has been 130 

the result of long 'experimenting with the ob
ject of .overcoming certain defects in devices 
of this kind, to which reference ha.s Qeen 
made before. These defects I have found to 
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be due to many causes, as the unequal size, two heads, respectively, contact platesorseg
weight, and shape of the grains, t.he unequal ments,j'.f' extend on diametrically opposite 
pressure which resnlts from this and £I'om the sides of the cylinder, The plate j" is in elec- 70 
manner in which the grains are usnally agi- trical connection with the fl'ame of the in-

S tated, the lack of nniformity in tho conduc- strument through the head from which it ex
t.ivity of the surface of the paIticlesowing to tends, while insulted strips or brushes JJ' 
the varying thiekness of the superficial oxi- bear upon the free end or head of the cylin
dized layer, the varying condition of the gas del' and the peripheryo of the same, respec- 75 
or atmosphere in which the particles are im- tively, Three terminals are thus provided, 

10 mersed,andtocertaindeficiencies,wellknown one always in connection with plate,j', the 
to experts, of the transmitting apparatus as other always in connection with the platej", 
heretofore employed, w;hich are in a large and the third adapted to rest on the stripsj' 
measure reduced by the use of my improved andj" in snccession or npon the intermediate 80 
high-frequency coils. To do away with the insulating-spaces, according to the position 

IS defects in the sensitive device, I prepare the in which the commutator is brought by the 
particles so that they will be in all respects clock-train and the anchor-escapement g. 
as nearlyalikc as possible. They are manu- K' K", Figs. 1,3, and 10, are two relay-
factured by a special tool, insuring t,heireq nal- magnets conveniently placed in the rear of .85 
ity in size, weight, and shape, and are then the propelling- engine. One terminal of a 

20 uniformly oxidized by placing them for a batteryk" is connected to one end of each of 
given time in an acid solution of predeter- the relay-coils, the opposite terminal to the 
mined strength. This secures equal conduc- brush J', and the opposite ends of the relay· 
t.h'ity of their surfaces and stops their further coils to the brush J and to the frame of the 90 
deterioration, thus preventing a change in inst.rument, respectively.· As a consequence 

25 the character of the gas in the space in which of this arrangement either the relay K' or K" 
they are inclosed. I prefer not to rarefy the will be energized as tihe brush J' bears upon 
atmosphere within the sensitive device, as the plate j' 01' j", respectively, or both relays 
this has the effect of rendering the former will be inacti ve while the brush J' bears npon 95 
less constant in regard to its dielectric prop- an inSUlating-space between the plates} and 

30 erties,butmerelysecureanair-tightinclosure j". While one relay, as K', is energized, its 
. of the particlessnd rigorous absence of mois- armature closes a circuit through the motor 
ture, "'hich is fatal to satisfactory working. F, which is rotated in a direction to throw the 
. The normal position of the cylinder c is ver- rudder to port., On t.he other hand, when re- ICO 

tical, and when turned in the manner de- lay Kif is active another circuit through the 
35 scribed the grains in it are simply shifted motor F is closed, which reverses its direc

from one end to the other; but inasmuch as tion of rotation and shifts the rudder to star
they always fall through the same space aud board. These circuits, however, are at the 
are subjected to the same agitation they are same time utilized for other purposes, and 105 

brought after each operation of the relay to their course is, in part, through apparatus 
40 precisely the same electrical condition and which I shall describe before tracing their 

offer the same resistance to the flow of the course. .. 
battery-current until another impulse from The fixed rod II carries an insulating disk 
afar reaches the receiving-circuit.. or head L, Fig. 2, to the under side of which 110 

The relay-magnet a should be of snch char- are secured six brushes, 1, 2, 3; 4, 5, and 6, 
45 acteras to respond toa very weak currellt and Fig. 3. The sleeve b, which surrounds the 

yet be positive in its action. Toinsurethere- rod and is turned by the steering-motorF, 
tractionofitsarmaturee'afterthecurrenthas carries 'a disk L', upon the upper face of 

. been established through the magnet I and which al'e two concentric circles of conduct- IJ5 
interrupted by the inversion of the sensitive ing contact-plates. Brushes 1, 2, 3" and 4 

50 device c, a light rod k is supported in guides bear upon the inner circle of contacts, while' 
on the frame in position to be lifted by an ex- the brushes 5 and 6 bear upon the outer cir
tension k' of the armature-lever l and to raise cle of con tacts. The outer circle of contacts 
slightly the armature e. Asa feeble current comprises two long plates 7 and 8 on opposite 120 

may normally flow through the sensitive de- sides of the disk and a series of shorter 
55 vice and the relay-magnet a, which would be plates 9, 10, 11, 12, 13, and 14 in the front 

sufficient to hold though not draw the arma- and rear. Flexible condnctors Z' Z" connect 
ture down, it is well to observe this precau- the plates 7 and 8 with the terminals of the 
tion. propelling - motor D, and the poles of the 125 

The operation of the relay-magnet a and main battery E are connected to the brushes 
60 the consequent operation of the electromag- 5 and 6, respectively, so that while the rudder 

net I, as above described, are utilized to con- is straight or turned up to a certain angle to 
trol the operation of the propelling-engi!Je either side the cnrrent is conveyed through 
and the steering apparatus in the following thE) brushes 5 and 6 and segments 7 and 8 to 130 

-manner: On the spindle g', which carries the the propelling-motor D. Thc steering-motor 
65 escapement·disk gil, Figs. 4 and 6, is a cyl- F:is also driven by current taken from the 

inder} of insulating material with a conduct- main battery E in the following manner: A 
ingplate or head at each end. From these I conductor 15 from onc pole of the battery 
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leads to one of t,be 'commutator-brushes', and 
from the other brush runs·l,I. conduct.or 16 to 
one of the· contacts of .each relay K'K". 
When one of these relays, as K",is active, it 

5 continues this circuit through a wire 19 
through one fie)d-coil or set of coils on the 
motor F and thence to the brush 1. In a 
similar ma.nner when the other relay l{' is 
active the circuit is continued from .",ire 18 

10 Jhrough a wire 20, the second or' reversing 
.set of field-coils, and to brush 2. . 

,-Both brushes 1 and 2 at all times when the 
. ~dder is not tnrned more than about forty

,.,. five degrees to one side are in contact with a 
15 long conducting-plate 21, and· one brush in 

any position of the rudder is alway& in con
tact with said plate, and ,the latWi' , is· con
. nected by a flexible conductor 22 with tJle op~ 
posite pole of the main battery. IIence the 

20 motorFmay always be· caused to rotate in 
one direction whatever .maybe' thE;' position 
of the rudder, and may be caused to rotate 
in either direction whenever the position of 

" the 'rudder is less than a predetermined an-
:15 gle, conveniently fort.y-five degrees from the 

center position. In order, however, to pre
yent tbe rudder from being turned too farin 
eitber direction, the isolated plate 23 is used. 
Any movement of the rudder beyond a pre-

30 dewrmiued limit brings this plate under oue 
. or the othel' of the brushes I 2 and breaks 
the circuit of motor F, so that t.he rudder can 
be driven no farther in that direction, but, 
as .will be understood, the apparatus is in 

35 condition to turn the rudder over to the other 
side. In like manner the circuit of the pro-

. pelling-motor D iscontroUed through brushes. 
5 and·6 a!ld the segments on the outer circle 
of contacts of head L~ If the short segments 

40 on either side of the circle are insulate<1, the 
motor D will be stopped whenever one of the 
brushes 5 or 6 passes onto one of them from 
the larger segments 7 8. 
' .. It is important to add that on all contact-

45 points where a break-occurs provision should 
.be made to overcome the spar.king and pre
(vent the oscillation of electrical charges in 
the circuits, as snch sparks and oscillations 
may affect the sensitive device. It is this 

50 consideration chiefly which makes it advis
able to use the two relays K' K", which other
wise might be dispensed with. They should 
be also placed as far as practicable from the 
sensitive device in order to guard the latter 

55 against any action of strong varyingcnrrents. 
In addition to the mechanism described the 

vessel may carry any other devices or appa
rat~ as ~igh~ be required for acc:>mplishing' 
any specIal ,?bJect Of. more or le~ importance. 

60 By way of Illustratlon a small 'motor m is 
shown, Figs. 1 and 3, which conveniently 
serves for a'number of purposes. This motor 
is shown connected in series with the arma-

. tore of the' steering-motor F,80 that "hen-
65 ever either one of the circuits of the latteris 

closed through relays K' K" the motor m is . 
likewise rotated, but in all caseS in the same 

direction. Its rotation is opposed by a spring 
m', so t~at j n . normal operation, owing to the 
fact that the circuits of motor· F are closed 70 
but a short time, the lever m,i, which is fas

,tened to one of the wheels of clockwork M, 
with which the armature of the motor is 
geared, will move but a short qistance and 
upon cessation of thecurrentl'eturn to a stop 75 
P; but if .the circuits of the motor Fare 
closed and opened rapidly in succession, which 
operation leaves the rudder unaffected, then 
the lever m" is moved toagreate'rimgle, com
ing in cont.act with a metal plate n, and finally, 80 
if desired, with a post n'. Upon the lever m" 
coming in contaQt with plate n the· current 
of themajn battery passes eitherthl'ough one 
or other or both of the lights supported on 
standards q q, according to the position of 85 
brushes 3 and 4 relatively to the insulating- ' 
segment 23; but since'the head L, carrying 
the segments, is geared to the rudde'r the po
sition of the latter is in no general way deter
mined by observing the lights. Both of the 90 
lights maybe colored, and by flashing them 
up whenever desired the operator may guide 
at night the vessel in Us course. i For such 
pn rposes also· the standards r r are provided, 
which should be painted. in lively colors, So 95 
as to be visible by day at great distances. ' 
By opening and closing the circuits. of motor 
F a greater ullmber of times, prefei'ably de
termined beforehand, the lever m" is brought 
in contact with post. n' ,thus closing the cir- TOO 

cuitof the main battery through a d~vice 0 
and bringing the latter into action at the mo
ment desired. By similar coutrivances 01'· 
such as will readily sllggest themselves to 
mechaniciansanynumberofdifferentdevices 105 
.may be operated. ... 

Referring now to Fig: 9, which illustrates 
diagrammaticalfy the system as practiced 
when directing the movements of a boat, in 
this figure S designat.es any source of elec- 110 
tdcal disturbance or oscillations the genera
tion of which is controlled bya suitable switch 
contained in box T. The handle of the switch 
is movable in one direction only and stops on 
four points t t' n.u', so that as the handle 115 
passes from !"+op to stop oscillations are pro~ 
duced by the source during a very short time 
interval. There are thus produced four dis
turbances during one revolntion and tile re
ceiving-circuit is affected four times; bi,lt it' 120 
will be understood from the foregoing desClip
tiQn of the controlling devices on the vessel 
that the rudder will be moved twice, once to 
right and once to left. Now I preferably place . 
the handle of the switch so thatlvhen it is ar- 125 
rested on points t t'-that is, to the right or 
left of the operator-he is reminded that the 
vessel is be~~g deflected to the right or left 
from its conrse, byW'hich means the control 
is facilitated .. The normal' positions of'the 130 
handle are therefore $t 11. 'U' when tbe rudder 
is not acted upon, and it remains on the points 
'U 11.' only SO long as necessary! Since, as be
fore stated, the working of the apparatus is 
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very sure, the operator is enabled to perform 
any such operations as provision is made fOl' 
without even seeing the vessel. 

The mann£lr of using the apparatllsand the 
5 operation of the several instrumentalities 

comprising the same is in detail as follows: 
Normally the plate L' is turned so that brush 
2 rests upon the insulated segment 23 and 
brush G upon one of the insulated short seg-

10 ments in the rear of the circle. Under these 
conditions the rudder will be turned to star
board and the circuit of motor D interrupted 
between brushes 5 and G. At. the same time 
only one of the circu its of motor F -that con-

IS trolled by relayK'-is capable of being closed, 
since brush 2, which connects with the other, 
is out of contact with t,he long segment 21. 
Assuming now that it is desired to st.art the 
vessel and direct it to a given point, the han-

w dIe T is turned froUl its normal position on 
point tt' to the point t on the switch-box. 
This sends out an electrical disturbance, 
which, passing through the receiving-circuit 
on the vessel, affects the sensitive device A' 

25 and starts the flow of eurrentthrough t.he lo
cal circuit, including said device, the relay a, 
and ·the battery a'. This, as has been pre
viously explained, turns the cylinder j and 
causes the brush J' to pass from insulation 

30 onto the contactj'. The battery k" is thns 
closed through reiay K", and the latter closes 
t.hat circuit of the motor It' which, starting 
frQUl plate 22, which is permanent.Iy con
nected with one pole of Lhe main battery, is 

35 completed through the brush 1, the field of 
motorF, wire] 9, ·the armature of relay K", 
wire l{j, the motor 'tn, the brushes and com
mutator of mQtor F, and wire 15 to the oppo
site terminal of the battery E. Motor It' is 

40 thus set in operatiou to shift the rudder to 
port; but the movement of plate V which 
follows brings the brush 6 back outo s£lgment 
8 and closes the circuit of the propelling-mo
tor which starts the vessel. The motor F is 

45 permitted to run until the rudder has been 
turned sufficiently to steer the vessel in the 
desired direction, when the handle T is turned 
to the point?t. This produces another action 
of the relay a and brush J' is shifted onto 

So insulation and both relays l{' and l{" are in
active. '1'he rudder remains in the position 
to which it has been shifted by the motor It'. 
If it be then desired to shift it to st.arboard, 
or in the opposite direction to that in which 

55 it was last moved,. the handle T is simply 
turned to point t' and allowed to remain there 
until the motor It', which is now operated 
by relay K', the circuit of which is closed 
by strip Jf- coming into contact with plate 

60 j", has done its work. The movement of 
handle T to the next point throws out both 
relays K' and l{", and the next movement 
eauses a shifting of the. rudder to port, and 
so on. Suppose, however, that after the rlld-

65 del' has been set at any angle to its middle 
position it be desired to shift it still farther 
in the same direction. In such case the han-

dIe is moved quickly over two points, so that 
the circuit which would moye the rudder in 
the opposite direction is closed for too short a 70 
time interval to produce an appreciable ef
fect and is al1ow~d to rest on the third point 
until the rudder is shifted to the desired po
sition, when the handle is moved to the next 
point, which again throws out both relays K' 75 
and K". It will be understood that if the 
handle be held fora snfficiently long time 

. upon either point tor t' the mot.or F will simi. 
ply turn the plate V in one direct.ion' or the 
other until t,he circuits of motors D and Fare 80 
broken. It is furthermore evident that one 
relay K; or K" will always be operative '.io 
start the inotor F. 

As previously explained, the longest period 
of operation of which the motor F is capable 85 
under ordinary conditions of use does not 
permit the motor 'tn to shift the arm 'tn' into 
contact with the plate n,' bll~ if the handle 
T be turned with a certain rapidity a series 
of current impulses will be directed through 90 
motor m,' but as these tend to rotate the 
motor F in opposite directions they do not 
sensibly affect t,he latter, but act to rotate 
the motor 'tn against the force of the coiled 
spring. 95 

The invention which I have described will 
prove useful in many ways. Vessels or ve
hicles of any suitable kind may be used, as 
life, despatch, or pilot boats or the like, or for 
carrying letters. packages, provisions, in- roo 
struments, objects, or materials of any de
scription, for establishing communication 
witb. inaccessible regions and exploring the 
conditions existing in the same, for killing or 
capturing whales or other animals of the sea, lOS 
and for many other scientific, engineering, or 
commercia~ purposes; but the greatest value 
of my invention will result from its effect 
upon warfare and armaments, for by reason 
of its certain and unlimited destructiveness 110 

it will tend to bring about and maintain per
manent peace among nations. 

. Having now described mY-invention, what 
I claim is.-

1. The improvement in the'art .of control- II5 
ling the movements and operation of a vessel 
or. vehicle herein described, which consists in 
producing waves or disturbances which are 
conveyed to the vessel by the natural media, 
actuating thereby suitable apparatus on the 120 

vessel and effecting the con trol of the pro
pelling-engine, the steering and other mech
anism by the operation of the said apparatus, 
as set forth. 

2. '1'he improvement in the art of control- uS 
ling the movements and operation of a vessel 
or vehicle, herein described, which consists 
in establishing a region of waves or disturb
ances, and actnating by their influence ex-. 
erted ata distance the devices on sqeh vessel 130 

or vehicle, which con tr91 the pI'opeIling, steo1'
ingand other mechan.ism thereon, as set forth. 

. 3. The improvement in the art of control
ling the movements and operation of a vessel 
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or vehicle, herein described, which consists I ll. '1'ho sensitive device herein described 55 
in, establishing a region of electrical waves or comprising in. constr,uction a receptacle con
disturbances, and actnating by their influ- taining a material snch as particles of oxi(lized 
ence, exerted' at a distance, the devices on metal forming a partof tbecirCui~., and ~eans 

5 said vessel or vehicle, which control the pro- fm: tnrning the same end for end when the 
pelling, steering and other mechanism there- material has been rendered active by the pas- 60, 
on, as set forth. sage through it of an electric discharge, as 

4. The improvement in the art of control- set fQrth. 
ling the movements and operation of a vessel 10. The sensitive device herein described, 

10 or vehicle, herein described, which consists ,comprising in combination a receptacle COll-
in providing on the vessel a circuit cOlltrol- tainingamaterialsuchasparticleRofoxidized 65 
ling the propelling, steering and other mech~ metal forming a part of an electric circuit, 

, anism, adjusting or rendering such circuit an electromagnet in said circuit, and devices 
sensitive to waves or disturbances of a defi- controlled therebyfor turni~g the rec'eptacle 

15 nite character,establishing a region of such ,end for end when said magnet is energized, 
waves ordisturban'celJ, and rendering by their as set forth.' 70 
means the controlling-circuit active or inac- 11. The sensitive device h~rein _described, 
tive, as set forth. comprising in combination a receptacle con-

, 5. The combination with a sonrce of elec- tainingamaterialsuchasparticlesofoxidized 
20 trical waves or disturbances of a moving ves-' metal forming part of an electric circuit, a 

sel or vehicle, and mechanism thereon for pro- motor for rotating the receptacle, an electro- 75 
pelling .. steering or operating the same,and a magnet in circuit with the material, and an 
controlling apparatus adaptedto be act~ated escapement controlled by said magnet, and 
by the influence of the said waves or dis- adapted to permit a half-revolution of the re-

25 turbances at a distance from the source, as ceptacle wheu the said magnet is energized, 
set forth. as set forth. 80 

,6., The combination with a source of elec- 12. The combination with a 'movable body" 
trical waves or disturbances ofa moving ves~ or vehicle, ofa propelling-motor; a steering
sel or vehicle, mechanism for propelling,steer- motor and electrical contacts carrie'd by a 

30 ing or operating the same, a circuit and means moving portion of the' steering mechanism, 
therein for controlling said mechanism, and and adapted in certain positions of the 1atte1; 85 
means for rendering said circuit active or in- to interrupt the circuit of ~he propelling-mo
active through the inflllenceof the said waves tor, a local circuit and means connected 
or disturbances exerted at a distance froin the ,therewith for controlling the steering-motor, 

35 source, as set forth. '. and a circnit controlling the local circuit and 
, 7. The combination with a source of elec- means for rendering said controlling~i~uit.'90-

trical waves or disturbances and- means for sensitive to the influence'of electric. waves or" 
~tarting and 'stopping the ' same, of a vessel or disturbances exerted at a.distance from their 
vehicle, propelling and steering mechanism source, at set forth. . 

40 carried thel'eby, a circuit ,containing or con- 13. Thecombinatioil with the st~ering-mo. 
nected with means for controlling the opera- tor, a local ·circu~t for directing current 95, 
tion of said mechanism and adjusted or ren~ through the same in opposite directions, a 
der.ed sensitive to t~e waves or disturbances controlling-c~rcuit rendered sensitive to the 
of the source, 88 set forth. influence of electric waves or disturbances ex-

45 8. T·he combination with a source of elec- erted at a distance from their source, a,motor 
. trical ~aves or disturbances, ,and, means for in circuit with the steering-motor but adapt-' 100 

( starting and stopping the operation of the ed to run always in the same direction, and 
. same, of a vessolor vehicle, propelling and a local circuit or circuits controlled by said 
steering mechanism carried thereby, local cir- motor, as set forth. 

50 cuits controlling said lnechanisms, a circuit ' NIKOLA TESL~. sensitive to the waves or disturbances of the 
sonrce and means therein adapted to control 
the said local circuits, as and for the purpose 
set forth~ 

Witnesses: 
RAPH.AEL NET'I'ER, 
GEORGE SCHERFF. 
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1'0 nZlwholn it JlUllj con('ern: 
Be it known that I, NIKOLA TEsLA, ncil izpn 

o.fthe United State:4, residing at New York, in 
the county and State of New York, have in-

S vented certain new and useful Improvements 
in Systems of Transmission of Electrical En
el'gy, of which the following is a specification, 
reference lJeillg had to the drawing accom
panying and forming a part of the same. 

10 It bas been well known heretofore that by 
rarefying the air inclosed in a vessel its in
sulating properties are impaired to such an 
extent that it becomes what mar lJe consid
ered as a true cOlldur.tor, although one of ad-

15 mittedly very high resistance. The pmctical 
information in this regard has been derived 
from obsen'atiolls necessarily limited in their 
scope lJy the character of the apparatus or 
means luwetofore known and the q uali ty of 

20 the electrical effects pI'oducible thereby. 
Thus it has been shown by \Villiam Cl'ookes 
in his classical researches, which have so fal' 
served as the elIief S011rce of knowledge of 
this subject, thafall gases behave as excellent 

25 insulators untiiral'eficd to a point correspond
iug to a barometric pressure of about seventy
five millimeters, and even at this very lo,w 
pressure the discharge of a high-tension in
duction~coil passes through only a part of the 

30 attenuated gas in 'the form of a luminous 
thread or arc, a still further and considerable 
diminution of thepressUl'e lJeing' required to 
render the entire mass of the gas inclosed in 
a vessel conducting. While this is true in 

35 every particular so long as electromotive or 
CUl'rent impulses such as are obtainable with 
ordinal'Y,. forms of apparatus are employed, I 
have found that neither the general behavior 
of the gases nor the known relations between 

40 electrical cond ucti vit.y and barometric pl'es
sure are in confol'mity with these observa
tions when impulses are used such as are pro
ducible by methods and apparatus d~vised 
by me an.d which have pecnliar and hitherto 

45 unobserved properties and are of effective 
electromotive forces, measuring many hun
(hed thousands 01' millions of volts. Through 
the continuous perfection. of these methods 
and apparatus and the investigation of the 

~50 actions of these current impulses I have been 
led to the discovery of certain highly-impor
tant and useful facts which have hitherto been 

unknown. Among these and beal'illg directly 
upon the subject of my present application, 
are the follow!ng: First, that atmosphe,ric or S5 
other gases, even under normal pressure, when 
they are known to behave as perfect insula.
tors, are in a large measure deprived of their 
dielectric properties by being subjected to the 
infiilence of electromoth'e impulses of the 60 
character and magnit,ude I have referred to 
and assume conducting and 'other qualities 
which ,have been so far observed only in gases 
greatly attenuated or heated to a high tem
perature j and, second,that the conductivity 65 
imparted to tbe air or gases increases very 
rapidly both with the augmentation of theap
plied electrical pressure and with the degree 
of rarefaction, the law in this.Iatter respect be~ 
ing, however, quite different from that hereto- 70 
fore established. In ill ustra tion of these facts 
a few observations, which I ha\'e made with 
apparatns devised for the purposes here con
templated, may be pited. For example, a con

,ductor or terminal, to whic,h impulses such as 7S 
those here considered are snpplied, but which 
is otherwise insulated in space and is remote 
from any conducting-bodies, is surronnded 
by a luminous flame-like brush or discharge 
often covering many hundreds or even as 80 
much as several thousands of square feet of 
surface, this striking phenomenon clearlyat
testing the bigb degree of conductivity which 
the atmosphere attains under the influence 
of the immence electrical stresses to which it 85 
is subjected. This influence is, however, not 
confined to that portion of the atmosphere 
which is discernible by t.he eye as IUJ11inous 
and which, as has been the case in some in
stances actually observed, may fill the space 90 
within a spherical or cylindrical envelop of 
a diameter of sixty feet or more, but reaches 
out to far remote regions, the insulating quali-
ties of the air being, as I have ascertained, . 
st.ill sensibly impaired at a dist.ance many 95 
hundred times that through which the lu
minous discharge projects from the terminal 
and in all probability much farther. The dis
tance extends with the increase of the elec
tromotive force of the impulses, with tbe dimi- 10:) 

n ution of the density of tbe atmosphere, with 
the elevation of the acti ve terminal above the 
ground, and also, apparently, in a slight meas-
llre, with tIle degree of moistnre contained in 
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th& aJr. I have likewise observed that this 
region of decidedly-noticeable influence con
tinuonsly enlarges as time goes on, and the 

,9ischarge is allowed to pass not nnlike a con-' 
5 "Hagration which slowly spreads, this being 

possibly due to the gradual electrification 01' 
ionization of the ail' or to the formation of 
less insulating gaseous compounds. It is, 
furthermore, a fact that such discharges of 

10 extreme tensions,' approximating those of 
lightning, manifest a marked tendency to pass 
upward away from the gr~)Und, which may be 
due to electrostatic repulsion, or possibly to 
slight heating and consequent rising of the 

IS electrified or ionized air. These latter ob
servations make it appear probable that a dis
charge of this character allowed to eAcape 
into the atmosphere from a termiual main
tained at a great height will gradually leak 

20 through and establish agood conducting-path 
to more elevated and better conduc,ting air 
strata, a process which possibly takes place 
in silent lightning di~charges frequently wit
nessed on hot and sultry days. ' It will be 

25 apparent to what an extent the conductivity 
imparted to the air is enhanced by the in
crease of the electromotive force of the im
pulses when it is stated that in,some instances 
the area covered by t.he flame discharge men-

30 tioned was enlarged more than sixfold by 
an augmentation of the electrical pressure, 
amoun ting scarcely to Inure than fifty per cen t. 
As to the influence of 'rarefaction upon the 
electric conductivity imparted to the gases it 

35 is noteworthy that, whereas the atmospheric, 
or other gases begin ordinarily to manifest 
this quality at something like seventy-five 
millimeters barometric pressure with the im
pulses of excessive electromotive fOI:ce to 

40 which I have referred, the conductivity, as 
already pointed out, begins even at normal 
pressure and continuously incre'ases with the 
degree of tenuity of the gas,so that at, say, 
one hundred and thirty millimeters pressure, 

45 when the gases are known to be still nearly 
,erfect insulators for ordinary electromotive 
forces, they behave toward electromotive im
pulses of several millions of volts like excel
lent cond uctors, as though they were rarefied 

50 to a much higher ,degree. By the discovery 
of these facts and the perfection of means for 
producing in a safe, economical, arid 'thor
oughly-practicable manner current impulses 
of the character described it becomes possible 

55 to transmit through easily-accessible and,only 
moderately-rarefied strata of the atmosphere 
electrical energy not merely in insignificant 
quantities, such as are suitable for the oper
ation of delicate iJ?strument.s_ and like pur-

60 poses, but also in quantities suHa~le for in
dustrialuses on a]arge scale upto practically 
any amonnt and, according to all the experi
mental evidence I have obtained, to any ter
restrial distance. To conduce to a better un-

65 derstanding of tbis method Of transmission 
of energy and to distinguish it clearly; both 
in its theoretical aspect and in its practicti.l 

bearing, from other known modes of trans
mission; it is useful to state that all previous 
efforts made by myself and others for trans- 70 

mitting electrical energy to a distance with-
out the use of metallic conductors, chiefly 
with th,e object of actuating sensitive receiv-
ers, have been based, in so far as the atmos
phereisconcerned,npon those qualities which 75 

it possesses by virtue of its being an excel
lent inSUlator, and all these attempts would 
have been obviously recognized as ineffective 
if not entirely futile in the presence of a con
ducting atmosphere or medium. The utill- 80 
zation of any conducting properties of the 
air for purposes of transmission of energy 
has been hitherto out of the question in the 
absence of apparatus suitable for meeting 
the many and difficult requirements, although 85 
it has long been known or surmised that at
mospheric strata at great altitudes-say fif
teen or more miles above sea-level-are, or 
should be, in a measure, conducting; but as
suming eyen that the indispensable means 90 
should have beenpl'oduced then still a diffi
culty, which in the present state of the me
chanical arts must be considered as insuper
able, would remain-.,.namely, that of 'main
tainingterminaJsatelevations of fifteen miles 95 
or more above the level of the sea. Through 
my discoveries before men Honed and the pro
duction of adequate means the necessity of 
maintaining terminals at such inaccessible 
altitudes is obviated and a practical method 100 

and system of transmission of energy through 
the natural media is afforded essentially dif
ferent from all those available up to the pres-
ent time and possessing, moreover, this im
portant practical ad vantage, that whereas in 105 

all such methods 0,1' systems heretofore used 
or proposed but a minute fraction of the total 
energy expended by the generator or trans
mitter was recoverable in a distant receiving 
apparatus by my method and appliances it 110 

is possible to utilize by far -the greater POI" 
tion of the energy of the source and in any 
locality'however'remote fl'om the same. 

Ex.pressed briefly, my present invention, 
based upon these discoveries, consists then I I 5 
in producing at one point an electrical pres
sure of such character and magnitude as to, 
cause thereby a current to travel'se ele\'ated 
stl'ata of tlie air between the point of genera
tion and a distant point at which the energy 120 

is to be received and utilized. 
. In the accompanying drawing a general 

arrangement of apparatus is diagl'ammatic
aUy illustrated such as I contemplate em
ploying,Jn the carrying out of my invent,ion 125 

on an industrial scale-as, for instance, fDr 
lighting distant cities or districts fmm places 
where cheap power is obtainable. 

Referring to the dl'awing, A is a coil, gen
erally of many turns and of 'a very large di- 130 

ameter, wound in spiral form either about a 
magnetic core or not, as may be found nec
essary. C is a second coil, formed of a con
ductor of, much larger section and smaller 
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iength, wDund arDund and in prDximity to. the 
cDil A. In the transmitting apparatus the 
cDilA cDnstitutes the high-tensiDn secDndary 
and the cDil 0 the primary Df much IQwer 

5 tensiDn Df a transfDrmer. In the circuit Df 
the primary 0 is included a suitable SDurce 
Df current G. One terminal Df the secDndary 
A is at the center Df the spiral cDiI, and fwm 
this terminal the current is led by a cDnduc-

ro tDr B to. a terminal D, preferably Df large 
, :mrface, formed Dr maintained by snch means 

as a ballDon at an elevatiDn suitable fDr the 
purposes of transmissiDn, as before described. 
The Dther terminal Df the secDndary A is CDn-

IS nected to. earth and, if desired, also. to. the 
primary in Drder that the latter may be at 
substantially the same potential as the adja
cent pDrtiDns Df the secDndary,thus insuring 
safety. At the receiving-statiDn a trans-

20 fDrmer Df similar constructiDn is emplDyed; 
hut in this case the cDil A', Df relatively-thin 
wire, cDnstitutes the primary and the cDil 0', 
Df t.hick wire Dr cable, the secDndary Df the 
transformer, In the circuit of the latter are 

2sincludeu lamps J" mDtDrs 1\1, Dr Dther devices 
fDr utilizing the current. The elevated ter
minal D' is connected with the center Df the 
coil A', and the Dther tel'minal Qf said coil is 
cDnnected to. earth and preferably, also, to. 

30 the coil 0 ' for the reasons abQve stated, 
It will be observed that in cDils Df the char

acter described the pDtential gradually in
ereases with the number Df turns tDward the 
center, and the difference Df pDtential be-

35 tween the adjacent h1l'ns being cDmpara
tively small a very high pDtential, imprac
ticable with OI'dinary coils, may be success
fnllyobtained, It will be, furthermDre, noted 
that no. matter to what an extent the cDils 

40 may be mDdified in design and cDnstructiDn, 
owing to. their general arrangement and man
ner Df cDnnection, as illustrated, thQse por
tiDns Df the wil'e or apparatus which are 
highly charged will be Dut Df reach, while 

45 thDse parts Df the saine which are liable to 
be apprDached, tDuched, or handled will be 
at Dr nearly the same pDtential as the ad
jacent portiDns Df the grDnnd, this insuring, 
both in the transmitting and receiving appa-

So ratus and regardless Df the magnitude of the 
electrical pressure used, perfect persQnal 
safety, which is best evidenced by the fact 
that althDugh such extreme pressu res of many 
milliDns Df volts have been for a number Df 

5,5 years cDntinuDusly expel'irnentedwith no 'in
jury lIas beeu sustained ne.ither by myself Dr 
any of myassistants'. 

The length Df the thiu-wi!'e cuil in each 
transformel' should be apprDximately Dne-

60 quarter Df t hc wa vo length Df t-he electric dis
turbance in the circuit, this estimate being 
based ,<}U the velocity Df prDpagatiDn of the 
disturbaii'ce through the CDi.l itself and t,he 
circuit with which it is designed to. be used. 

65 By way of iJIustrati:m if the rate at which 
the cu~rent tmverses the circuit, including 
the coil, be Dne hundred and eig1Jt.y-fh"c U1On-

sand miles pel' secDnd then a fl'equency of 
nine hundred and twenty - five per secDnd 
WQuid maintain nine hundred and twenty-five 70 

stationary waves in a circuitDne hundred and 
'eighty-fi ve thDusand miles IDngand each wa\"e 
wDuld be t,WD hundred miles in length. FDr 
such a low frequency, to. which I shalll'eSDrt 
Dnly when it..is indispensable to Dperate mD- 75 
tDrs Df the ordinary kind under the cDndi
tions abDve assumed, I would use a secDndary 
Df fifty miles in lengt,h, By such nn adjust
ment Dr pOl'portioning of the length Df wire 
in the secondary cDil Dr cDils the points Df 80 
highest pDtential are made to. cDincide with 
the elevated terminals D D ', and it ShDUld be 
understDod that whatevel' length be given to. 
the wil'es this cDnditiDn should be cDmplied 
with in Drder to attain the beHt results. 85 

As the main requirement in carrying out 
my inventiDn is to. produce curl'ents Df an ex
cessively-high potential, this object will be 
facilitll ted by using a primal'Y current of very 
cDnsiderable freqllency, since the electrDmD-, 90 
tiYe force obtainable with a given length of 
conductDr is prDportionate to. the frequency; 
but the fre(l11Cncy of the current is in a large 
measure arbitrary, fDr if the potential be 
sufficiently high and if the terminals Df the 95 
coils be maintained at the proper altitudes 
the action describcd will take place, and a 
current will be transmitted thrDugh the ele
vated ail' strata, which will encounter little 
and pDssibly e\Tcn les,,? resistance than ifcDn- 100 

veyed through a copper wire of a practicable 
size. Accot'dingly t,jle constl'l1ction of the ap
paratuf' may be in many details gl'eatly va
ried; butinol'dcl'tDenableany personskiIIed 
in the m~chanical and electrical arts to util- 105 
ize to ad vantage in the practical applications' 
Df my' system the experience I hav~ so fat' 
gained the follDwing particulal's Df a model 
plant \vhich has been long in use and which 
was cDnstructed fDr the purpose Df Dbtaining 110 

further data to be used in the carrying out 
Df my inventiDn on It lat'ge scale are given. 
The tl'ansmitting apparatus was in this case 
one Df my electrical DscillatDrs, which are 
transfDrmel's Df a special type, nDW well knDwn I IS 
and characterized by t}le passage Df Dscilla
tory dischal'ges Df a cQndenser thrDugh the 
primary. 'fhe SDurce G, forming Dne Df the 
elements Df the transmitter, was a condenser 
Qf it capacit.YDf abDutfDurDne-hundl'edthsDf a 120 

micrDfarad and was charged fl'Dm a gener
atDr, Qf alternatingcnrrents.Df fiftY-thousand 
VDltS pressure and discharged by means Df a 
mechanically-operated break five thousand 
times pel' secDnd t,hl'Dl1gh the primary C. The 125 

latter cDnsisted Df a single turn of stDut 
stranded cable Df inappreciable resistance 
audDf an inductance Df about eight thDusand 
centimeters, the t1iltllleter Df the IDDP being 
very neal'ly two hllndl'ed and fDrty-fDur cen- 13C 

timetel's. The total inductance Df the pri
mary circuit was appruximately ten thDusand 
cehtimetel's, so. that the primm',)" Cil'cuit yi
hratetl genc)l'ally nCIJ(lJ'<1 i lIg t.o :l(ljnsf'lncn f, 
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fro.m two. hundred and thirty thousand to. two. 
hnndred' and fifty thousand times per second. 
The high-tensio.n co.il Ain the fo.rm o.f a flat 
spiral was compo.sed of fifty turns o.f heavily-

5 insulated cable No.. 8 wo.und in o.ne single 
layer, the turns beginning close to the pri
mary lo.o.p and ending near its center. The 
o.uter end o.~ the seco.ndary o.r high-tensio.n 
co.il A was co.nnected to. the gro.und, as illus-

o trated, while the free end was led to. a termi
nal placed in themrefiedairstratull thro.ugh 
which the energy was to. be transmitted, 
which was co.ntained in an insulating-tltbe of 
alength o.f fifty feet 0.1' mo.re, within which a 

5 baro.metric pressnre varying fro.m abo.ut o.ne 
hundred and twenty to. o.ne hundred and fifty 
millimeters was maintained by means o.f a 
mechanical suctio.n - pump. '1'he receiving
transfo.r~er waR similarly pro.po.rtio.ned, the 

:0 ratio. o.f co.nversio.n being the recipro.cal o.f 
that o.f the transmitter, and the primary high
tensio.n co.il A' was co.nnected, as illustrated, 
with the end near the lo.w-tension co.il 0' to. 
the gro.und and with the free end to. a wire 

:5 or plate likewise placed in the rarefied air 
stratum and at the distance named from the 
transmitting-terminal. The primary and sec
ondary circuits in the transmitting apparatus 
being carefully synchro.nized, an electro.mo.-

:0 tive fo.rce fro.m two. to. fuur millio.n vo.lts and 
mo.re was o.btainable at the terminals o.f the 
seco.ndarycoilA, the discharge passi.ng freely 
thro.ugh the attenuated air stratum main
tained at the abo.ve baro.metric pressures, and 

15 it. was easy under these co.nditio.ns to trans
mit with faireco.nomy co.nsiderable amo.nnts 
of energy, such as are o.f industrial mo.ment, 
to. the receiving apparatus fo.r supplying from 
the seco.ndary coil 0' lamps L or kindred de-

lC vices. The results were particularly satis
factory when the primary coil 0.1' system A', 
with its secondary 0', was carefully adjusted, 
so as to vibrate in synchronism with the 
transmitting coil o.l'system A o. I haye, ho.w-

lS ever, fo.und no. difficulty in producing with 
apparatus of substantially the same design 

. and co.nstruCtio.n electro.mo.ti ve fo.rces exceed
ing three. or Jour times those before men
tioned and have ascertained tl~at by their 

;0 means current impulses can ·be transmitted 
thro.ugh much-denser air strata. By the use 
o.f thes.e I have also, found it practicable to 
transmIt no.table amo.unts of energy through 
air strata not in direct contact with the tnws-

is mitting·8.nd receiving terminals, but remote 
fro.m them, the action of the impulses, in ren
dering conducting air o.f a density at which 
it normally behaves as an insulator, extend
ing, as before remarked, to a considerable 

>0 distance. The high electromo.tive fo.rce o.b
tained at the terminals o.f coil or conductor 
'A was, as will be seen, in the preceding in
stance, not so. much due to a large ratio. of 
transfo.rmation as to. the jo.int effect o.f the 

)5 capacities and inductances in thesynchro.
nized circuits, which' effect is enhanced bya 
high frequency, and itwiIl be obvio.nsly up.-

derstood that if the latter be reduced a greater 
ratio. o.f transformation should be reso.rted to, 
especially in cases in which it may be deemed, 70 
o.f advan~age to. suppress as much as possible, 
and particularly in the transmitting-coil A, 
the rise o.f pressure due to the above effect 
and to obtain the necessary electromo.tive 
force solely by a large transfo.rmatio.n ratio.. 75 

While electromo.tive fo.rces such as are pro
duced by the apparatus just described may 
be sufficient fo.r many purpo.ses to. which my 
system will or may be applied, I wish to state 
that I contemplate using in an industrial un- 80 
dertaking of this kind fo.rces greatly in ex
cess o.fthese, and with mYllresentkno.wledge 
and experience in this novel field I wo.uld es
timate them to range from twenty to fifty 
million vo.lts and po.ssibly more. By the use 85 
of these much greater forces larger amo.unts 
o.f energy may be conveyed thro.ugh the at
mo.sphere to remo.te places 0.1' regions, and the 
distance of transmission may be thus extend-
ed practically witho.ut limit. . 90 

As to. the elevation of the terminals D D' 
it is obvious that it will be determined by a 
num bel' of things, as by the amount and qual-
ity of the wo.rk to. be performed, by the lo.cal . 
density and other co.nditio.ns o.f the atmos- 95 
phere, by the character of the slll'rounding 
country, and such 'consideratio.ns as may pre
sent themselves in individu.al instances. 
Thus if there be high mo.untains in the vi
cinity the terminals should be at a greater 100 
height, and generally they sho.uld always be, 
H practicable, at altitudes much greater than 
tho.se of the highest o.bjects near them in 0.1'-
del' to avoid as much as possible the loss by 
leakage. In so.me cases when small amounts 105 
of energy are required the high elevation o.f 
the terminals, and more particularly of the 
recei ving - terminal D', may not be neces
sary, since, especially when the frequency of 
the currents is very high, a sufficient amount 110 

of energy may be co.llected at that terminal 
by electrostatic induction fro.m the upper air 
strata, which are rendered co.nducting by the 
active' terminal of the transmitter 0.1' through 
which the currents from the same are con- 115 
veyed. I 

With reference to the facts which have been 
pointed out abo.ve it will be seen that the al
titudes requ~red for the transmissio.n o.f co.n
siderable amo.unts of electrical energy in ac- 120 

cordance with this method are such as are 
easily accessible and at which terminals can 
be safely maintained, as by the aid o.f cap
tive balloons supplied continuously with gas 
fro.m reservoirs and held in position securely 125 
by steel wires or by any other means, dl3vices, 
or expedients, such as may be c01ltrived and 
perfected byingenious and skilled engineers. 
Fro.m my experiments and observ~tio.ns I 
conclude that with electromotive itnpulses 130 

no.t greatly exceeding fifteen o.r twenty mil-
lio.n vo.lts the energy of many thousands of 
ho.rse-power may be transmitted over vast 
distances, measured by many hundreds and 
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even thousands of miles, with t.el'lninals not 2, 1807, No. !)!J3,138, nor do I claim herein 
more than thirty to thirty-five thousand feet the apparatus employed in carrying ont the 
above the level of the sea, and even this COlll- method of this application when such appa- 70 
paratively-small elevation will be required ratus is specially constructed and arrangen 

5 chiefly for reasons of economy, and, if de- for securing the particular object· sought in 
sired, it may be considerably re(}uced, since the present invention, as these last-named 
by such means as have been described prac- features are made the subject of an applica
tically any potential that is desired may be tion filed as a division of this application on 15 
obtained, the currents through the air strata February 19, 1900, Serial No.5, 780. 

10 may be rE:'ndered very small, whereby the loss 'Vhat I nnw claim is-
in the transmission may be relluced. 1. The method hereinbefore ·descdbed of 

It. will be undcrstood that the translllitting transmitting- clectl'ical energy through the. 
as well as the receiving coils, transformers, natural media, which consists in producing 80 
or other apparatus may be in some cases mov- at a generating-station a very high electrical 

i5 able-as, for example,· when UlCY arc carried pressure, causing thereby a propagation or 
by vcssels floating ill the ait, or by ships at flow of electrical energy, by conduction, 
sea. In such a case, or gcncI'ally, the con- through the earth and the air strata, and col
neetion of one of the terminals of. thc high- lectingor receiving at a distant point the elec- 8S 
tension coil or coils to the ground Illay not betrical energy so propagated or caused to flow. 

20 permanent, but may be interlllittently 01' in-. 2. 'l'he met.1lOd hereinbefore described of 
ductiYely established, and any such or simi- transmitting clectdcal energy, which consists 
lar modificatious I shall consider as wit·hin in producing at a generating-station a very 
the scope of my invention. high elect rical pressure, conducting the cur- 90 

While the description here giveli contem- I'ent caused therehy to earth and to a termi-
25 plates chiefly a method and system of energy nal at an clevation at whi~h the atmosphere 

transmission to a distance throngh the naW- serves as a conductor the"efor, and collecting 
ral media for indust.rial pnrposes, the princi- the current by a second elevated terminal at 
pIes which I have herein disclosed and the ap- a distance from the first. 95 
paratus which I have shown will obviously 3. The method hereinbefore describell of 

30 have many other valuable nses-as, for in- transmitting electt'ical energy through the 
stance, when it is de!;ire(l to transmit intelli- natural media,which consists in producing 
gible messages to great (listances, or to illu- between the earth and a generator-terminal 
min ate upper strata of the air, or to produce, elevated above the same, at a generating-sta- ICO 

designedly, any useful changes in the condi- tion, a sufficiently-high electromotive force to 
35 tion of the atmosphere, or to manufactnre render elevated ait' strata conducting, caus

from the gases of the same products, as nitric ing thereby a propagation or flow of electrical 
acid, fertilizing compounds, Ot'. the like, by energy, byconduction, through the air strata, 
~he action of such current impulses, for all . and collecting or r~ceiving at a point distant 105 

of which and for many other valuable p'tll'- from the genemting - station the electrical 
40 po~s t.heyare eminent.ly Huitable, and I do energy so pl'Opagated or caused to flow. 

riot 'wish to limit myself in this respect. Ob- 4. The method hereinbefore described of 
viously, also, certain features of my inven t.ion transmitting electricn,l energy through the 
here disclosed will be useful as disconnected natural media, which consists in producing J ld 

from the metholl itself-as,· for example, in between the e~rth and a generator-terminal 
45 other systems of energy tl':lnsmission, for elevated ahove the same, at a generating-stlt

whatever purpose they may be intended, the tion, a snfficiently-high electromotive force to 
transmitting and receiving transformers ar- render the air strata at or near· the elevated 
ranged and connected as illustr:ated, t,he fea- terminal condncting,cansingthereby a propa- lIS 
ture of a transmitting and receiving coil or gation or flow of electrical energy, by conduc-

50 conductor, both connected to the ground and. tion, throngl1 the air strata, al1d collecting or 
to an elevated terminal and adjusted so as receiving at a point distant from the gener
to vibrate in synchronism, the proportioning· aUng-station the electrical energy so prop a-
of such conductorfol or coils, as abovespeci- gated or caused to flow. 120 

tied, the feature of. a receiving-transformer 5. 'fhe method hereinbefore described of 
55 with its primary connected to earth and to transmitting electrical energy through the 

an elevate(l terminal and having the opera- natural media, which consists in producing 
tive devices in its secondary, and other. fea- between4he earth and a, generator-terminal 
hwes or particulars, such as haye been de- Mevated above the salile, at a generating-sta- I25 
scribed in this specification or will readily tion, electl'ical impulses of a sntliciently-high 

60 sllggest themselves by a perusal of the samc. electromotive force .1.0 render elevated air 
'.:1: do not claim in this application a trans- stmta conducting, cansing thereby current 

former for developing or converting currcnts impulses to pass, by conduction, throngh the 
of high potential in the form herewith shown: ail' strata, and collecting 01' receiving at a 130 

and described and with the two coils con- ! point distant ft'om the genet;ating-station, the 
6S nected together, as and for the purpose Mt j energy of the cnrrent imllulses by means of It 

forth, having made these improvements the II circuit synchronized with the impUlses. 
suhject of a patent grnnted to mc Novcmber G. The niethod Itereinhefol'c des('rihell of 
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transmitting electrical energy through the 
natural media, which consists in producing 
between the earth and a genel'ator-tex:minal 
el ':lvated above the same, at a generating-stlt-

5 tion, electl'ical impulses of a sufficiently-high 
electriJlllotive force to-render the air strata at 
or ncar the elevated terininal conducting, 
causing thereby cnrrent impulses to pass 
through the air strata, and collecting or re-

10 ceiving at a point distant from the genel;at
ing - station the energy of the cunent im
pulses by means of a cil'cuit synchronized 
\vith the impulses. 

7. The method hereinbefore described of 
15 tl'ansmitting electrical energy through the 

natural media, which consists in producing 
between the earth and a generator-terminal 
elevated above the saIne, at a gencl'ating
station, electrical impulses of a wave length 

20 so related to the length of the generating-cir
cuit or conductor as to produce the maximum 
potential at· the elevated terminal, .and of 
sufficiently-high electromotive force to ren
der elevated air strata conducting, causing 

25 thereqy a propagation of electrical impulses 
through the air strata, and collecting or re
ceiving at a point distant from the generat
ing-station the energy of such impulses by 
means of a receiving-circuit having a length 

30 of conductor similarly related to the ,,;ave 
length of the impulses. 

8. The method hereinbefore described of 
transmitting electrical energy tJIrough the 
natural media, which consists in producing 

35 between the earth and a generator-terminal 
eley~ted above the sa:~~ at a genel'ating-sta-

tion, a sufficiently-high electromotive force 
to render elevated air strata cond ucting, caus
ing thereby a propagation or:flow of electrical 
energy through the air strata, by conduct.ion, 40 
collecting or receiving the energy so tmns
mitted 'by means of a receiving-circuit at n 
point distant from the generating~station, us
ing the receiving-circuit to energize a second
ary circuit, and operating translating .de- 45 
vices by means of the energy so obtained in 
the secon"dary circuit. 

9. The method hereinbefore described of 
transmitting electrical energy through the 
natural media, which consists in generating 54 
current impulses of relatively-low electromo
th'e force at a generating-station, utilizing 

I such impulses to energize the primary of a 
transformer, generating by means of ·such 
primary circuit impulse" in a secondary SUl'- 55 
roundi.ng by the primary and connected to 
the earth and to an elevated terminal, of suf
ficiently,-high electromoth'e force to render 
elevated ail' strata conducting, causing there-
by impulses to be propagated thl'ough the 60 

I 
air strata, collecting or receiving the energy 
of such impulses, at.a point distant from the 
generating-station, by means of a receiving-
circuit aonnected to the earth and to an ele
vated -terminal,_ and utilizing the 'energy so 65 
received to energize a secondary circuit of low 
potential surrounding the receiviilg-ci'rcuit. 
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'Po (ill whom it may concern: 
De it known that I, NIKOLA TESLA, a citi

zen of the United States, residing at the bor
ough of Manhattan, in the city of New York, 

5 county and Stateof New York, have invented 
certain new and useful Improvements iu Ap
paratus for the Trausmission of Electrical 
Energy, of which the following is a specifica
tion, reference being had to the drawing ac-

10 companying and forming a part of the same. 
This application is a division of an applica

tion filed by me on September 2, 1897, Serial 
No. 650,343, entitled "Systems of transmis
sions of electrical energy," and is based upon 

15 new and useful features and combinations of 
apparatus shown and described in said appli
(>.ation for carrying out the method therein 
disclosed and claimed. 

The invention which forms the subject of 
20 tny present application comprises a transmit

ting coil or conductor in which electrical cur
rents or oscillations are produced and which 
is arranged to cause such currents or oscilla
tions to be propagated by conduction through 

25 the natural medium from one point to another 
remote therefrom and a receiving coil 01' con
ductor at snch distant point adapted to be ex
cited by the oscillations or currents propa
gated from the transmitter. 

30 This apparatus is shown in the accompany
ing drawing, which is a diagrammatic illus
tration of the same. 

A is a coil, generally of many turns and of 
a very large diameter, wound in spiral form 

35 either about a magnetic core or not, as may 
be desired. 0 is a second coil formed by a 
conductor of much larger size and smaller 
length wound around and in proximity to the 
coil A. 

40 The apparatus at one point is used as a 
transmitter, the coil A in this case constitut
ing a high-tension, secondary, and the coil 0 
the primary, of much lower tension, of a trans
former. In the circuit of the primary 0 is in-

45 cluded a suitable source of current G. One 
terminal of the secondary A is at the center 
of the spiral coil, and from this terminal the 
current is led by a conductor B to a terminal 
D, preferably of large surface, formed or 

50 maintained by such means as a balloon at an 

elevation suitable for the purposes of ti':"Lns~ 
mission. 'l'he other terminal of the secondary 
A is connected to earth, and, if desired, to 
the primary also, in order that the latter may 
be at substantially the same potential as the 55 
adjacent porti.ons of the secondary, thus in~ 
suring safety. At the receiving- station a 
transformer of silililar construction is eni
ployed; but in this case the longer coil A' con
stitutes the primary, and the sho1'ter coil 0 1 60 
the secondary, of the transformer. In the cir
cuit of the latter are connected lamps L, mo
tors :NI, or other devices for utilizing the cur
rent. The elevated terminal D' connects with 
the center of the coil A', and the other ter- 65 
minal of said coil is connected to earth and 
preferably, also, to the coil 0' for the reasons 
above stated. 

The length of the thin wire coil in each 
transformer should be approximately one- 70 
quarter of the wave length of the electric dis
turbance in the circuit, this estimate being 
based on the velocity of propagation of the 
disturbance through the coil itself and the 
circuit with which it is designed to be used. 75 
By way of illustration, if the rate at which 
the current traverses the circuit including 
the coil be one llundl'edand eighty-five thou
sand miles pel' second then a frequency of 
nine hundred and twenty-five per second 80 
would maintain nine hundred and twenty-five 
stationary moves in a circuit one hundred 
and eighty-five thousand miles long and each 
wave would be two hundred miles in length. 

For such a low frequency, which would be 85 
resorted to only when it is indispensable for 
the operation of motors of the ordinary kind 
under the conditions above assumed, I would 
use a secondary of fifty miles in length. By 
such an adjustment or proportioning of the 90 
length of wire in the secondary coil or coils 
the points of highest potential are made to 
coincide with the elevated terminals D D 1

, 

and it should be understood that whatever 
length be given to the wires this requirement 95 
should be complied with in order to obtain 
the best results. 

It will be readily understood that when the 
above-prescribed relations exist the best co11-
ditions for resonance between the transmit- 100 
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ting and receiving circuits are attained, and the former case the connection of one termi
owing to the fact that the points of highest po- nal of the receiving apparatus to the ground 
tential in the coils or conductors A A' are might not be permanent, but might be inter- 70 
coincident with the elevated terminals the mittently or inductively established without 

5 maximum flow of current will take place in departing from the spirit of my invention. 
the two ~oils, and this, further, necessarily It is to be noted that the phenomenon here 
implies that the capacity and inductance in involved in the transmission of electrical en
each of the circuits have such values as to ergy is one of true conduction and is not to 75 
secure tlie most perfect condition of synchro- be confounded with the phenomena of elec-

10 nism with the impressed oscillations. trical radiation which have heretofore been 
When the source of current G is in 0Pera- _ill2served and which from the very nature and 

tion and produces rapidly pulsating or oscil- mode of propagation would render practically 
lating currents in the circuit of coil 0, cor- impossible the transmission of any appre- 80 
responding -induced currents of 'very-much , ciable 'amount of energy try such distances as 

15 higher potential are generated in the second- are of practical importance. 
ary coil A, and since the potential in the same What I now claim as my in ven tion is-
gradually increases' with the num bel' of turns 1. The combination with a transmitting coil 
towal:d the center and the difference of poten- or conductor connected to ground and to an 85 
tial between the adjacent turns is com para- elevated termiual respectively, and means for 

20 tively small a very high potential impractica- producing therein electrical currents or oscil· 
ble with ordinary coils may be successively lations, of a receiving coil or conductor simi
obtained. lady connected to ground and to an elevated 

As the main object for which the apparatus terminal, at a distance from the transmit- 90 
is designed is to produce a current of excess- ting-coil and adapted to be excited by cnr-

25 ively-high potential, this object is facilitab:id rents caused to be propagated from the same 
by using a primary cnrrent of very con sid- by conduction through the intervening nat
crable frequency; but the frequency of the ural medium, a secondary conductor in in
currents is in a large measure arbitl'ary, for ductive relation to the receiving-conductor 95 
if the potential be sufficiently high and the and devices for utilizing the current in the 

30 terminals of the coils be maintained at the circuit of said secondary conductor, as set 
proper elevation where the atmosphere is forth. 
rarefied the stratum of air will serve as a con- 2. Thecombination with a transmitting coil 
ducting medium for the current produced or conductor having its ends connected to 100 

and the latter will be transmitted through the ground and to an elevated terminal respec-
35 air, with, it may be, even less resistance than tively, a primary coil in inductive relation 

throug-han ordinary conductor. thereto and a source of electrical oscillations 
As to the elevation of the terminals D D', it in said primary circuit, of a receiving condnc-

is obvious that this is a matter which will be tor or coil havingitsends connected to ground 105 

determined by a number of things, as by the and to an elevated terminal respectively and 
40 amonnt and quality of the work to be per- adapted to be excited by currents caused to 

formed, by the condition of the atmosphere, be propagated from the transmitter through 
and also by the character of the surrounding the natnral medium and a secondary circuit 
country. Thus if there be high mountains in inductive relation to the receiving-circuit 110 

in the vicinity the terminals should be at a and receiving devices connected therewith, 
45 gl'eater height, and generally they should al- as set forth. 

ways beat an altitude much greater than that 3. The combination with a transmitting in
of the highest objects near them. Since by strument comprising a transformer having its 
the means described practically any potential secondary connected to ground and to an ele- 1 15 

that is desired may be produced, the currents vated terminal respectively, and means for 
50 through the air strata may be very small, thus impressing electrical oscillations upon its pri-

reducing the loss in the air. mary, of a receiving instrument comprising 
The apparatus at the'receiving-station re- a transformer having its primary similarly 

spondsto the currents propagated from the connected to ground and to an elevated ter- 120 

transmitter in a manner which will be well minaI, and a translating device connected 
55 illlderstood from the foregoing description. with its secondary, the capacity and induct

The-primary circuit of the receiver-that is, ance of the two transformers having such 
the thin wire coil A'-is excited by the cur- values as to secnre synchronism with the fm
rents propagated by conduction through the pressed oscillations, as set forth. 
intervening natural medium from the trans- 4. The combination with a transmitting in-

60 mittel', and these currents induce in the sec- strument comprising an electrical trans
ondary coil 0 ' other currents which are util- former having its secondary connected to 
ized for operating the devices included in the ground and to an elevated terminal respec· 

125 

circuit thereof. tively, and means for impressing electrical 130 

Obviously the receiving-coils, transform- oscillations upon its primary, of a receiving 
65 ~rs, or other apparatus may be movable-as, instrument comprising a transformer having 

for instance, when they are carried by a ves- its primary similarly connected to ground 
sel floating in the air or by a ship at sea. In and to all elevated terminal, and a translat o 
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ing device connected with its secondary, the 
capacity and inductance of the secondary of 
the transmitting and primary of the receiv-

. ing instruments having such values as to se-
5 cure synchronism with the impressed oscilla

tions, as set forth. 
5. The combination with a transmitting coil 

or conductor connected to ground and an ele
vated terminal respectively, and means for 

10 producing electrical currents or oscillations 
in the same, of a receiving coil or conductor 
similarly connected to ground and to an ele
vated terminal and synchronized with the 
transmitting coil 01' cond uctor, as set forth. 

IS 6. The combination with a transmitting in
strument comprising an electrical trans
former, having its secondary connected to 
ground and to an elevated terminal respec
tively, of a receiving instrument comprising 

20 a transformer, having its primary similarly 
connected to ground and to an elevated ter
minal, the receiving-coil being synchronized 
with that of the transmitter, as set forth. 

7. The combination with a transmitting coil 
25 or condnctor connected to ground and to an 

elevated terminal respecti vely, and means for 
producing electrical currents or oscillations 
in the same, of a receiving coil or conductor 
similarly connected to ground and to an ele-

30 vated terminal, the said coil or coils having 
a length equal to one-qnarter. of the wave i 

length of the disturbance propagated, as set 
forth. 

8. The com bination with a transmitting coil 
or conductor connected to ground and to an 35 
elevated terminal respectively, and adapted 
to cause the propagation of currents or oscil
lations by conduction through the natural 
medium, of a receiving-Circuit similarly con
nected to ground and to an elevated termi- 40 
nal, and of a capacity and inductance such 
that its period of vibration is the same as that 
of the transmitter, as set forth. 

9. The transmitting or receiving circuit 
herein described, connected to ground and 45 
an eleyated terminal respectively, and ar
ranged in such manner that the elevated ter
minal is charged to the maximum potential 
developed in the circuit, as set forth. 

10. The combination with a transmitting 50 
coil or condnctor connected to ground and to 
an elevated terminal respectively of a receiv
ing-circuit having It period of vibration cor
responding to that of the transmitting-circuit 
and similarly connected to ground and to an 55 
elevated terminal and so arranged that the 
elevated terminal is charged to the highest 
potential developed in the circuit; as set forth. 

NIKOLA 'I'EST1A. 
"Witnesses: 

PARKER \V. PAGE, 
l\IARCELLUS BAILEY, 
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UNITED ST i\ TES P ATEN-T OFFICE~ 

NIKOLA TESljA, OF NEW YORK, N. Y. 

METHOD OF INSULATING ELECTRIC CONDUCTORS, 

SPECIFICATION forming part of Letters Patent No. 655,838, dated August 14,1900. 

Application filed June 15,1900. Serial No. 20,405. (No specimens,) 

To all wh07Ju it mcty concern: above facts and ad vantageous in the utiliza-
Be it known that I, NIKOLA TESLA, a citi- tion of electrical energy for industrial and 

zen·of the United States, residing in the bor- commercial purposes. Broadly stated, the 55 
ongh of Manhattan, in the city, county, and method consists in insulating an electric con-

S State of N ewYork, have invented certain new ductor by freezing or solidifying and main
and useful Improvements in Methods of In- I taining in such state, by the circulation of a 
sulating Electric Conductors, of which the cooling agent, the material surrounding or 
following is a specification, reference being contiguous to the conductor. 
had to the accompanying drawings. In the practical carrying out of my method 

10 It has long been known that many sub- I may employ a hollow condnctor and pass 
stances which are more or less conducting the cooling agent through the same, thus 
when in the fluid condition become insula- freezing the water or other medium in con
tors when solidified. Thns water,which is tact with or close to such conductor, or I may 
in a measure conducting, acquires insulating use expressly for the circulation of the cool-

IS properties when converted into ice. The ex- ing agent an independent channel and freeze 
isting information on this subject, however, or solidify the adjacent; substance, in which 
has been heretofore of a general nature only any number of conductors may be embedded. 
and chiefly deri ved from the original observa- The conductors rilay.be bare 0[' covered with 
tions of Faraday, who estimated that the sub- some material which is capable of keeping 

20 stances upon which he experimented, such them insulated when it is frozen 01' solidified. 
as water and aqueous solutions, insulate an The frozen mass may be in dii'ect touch with 
electricall.y-charged conductor about one hun- the surrounding medium or it may be in a de
dred times better when rendered solid by gree protected from contact with the same by 
fl'eezing, and no attempt has been made to an incloslll'e more or less impervious to heat. 

25 improve the quality of the insulatioll obtained The cooling agent may be any kind of liquid, 
by this meallS or to practically utilize it for preferably of low freezing-point, as brine, or 
such purposes as are contemplated in my pres- it may be a gas, as atmospheric air, oxygen, 
ent invention. In the course of my own in- carboriic acid, ammonia, illuminating-gas, or 
vestigations, more especially those of the elec- hyc1rogen. It may be forced through the 

30 tric properties of ice, I have discovered some channel by gravity, pressnre, or sucHon, pro
novel and important facts, of which the more duced mechanically or otherwise, or by any 
prominent arc the following: first, that under other kind of force. It may be continually 
certain conditions, when the leakage of the renewed or indefinitely used by being alter
electric charge ordinarily taking place is rig- nately volatilized and condensed or evapo-

35 orously prevented, ice proves itself to be it rated and absorbed and mechanically driven 
m nch better insulator than has heretofore ap- back and forth or steadily circulated in a 
peared; second, t,hat its insulating properties closed path under any suitable condHions as 
may be still further improved by the addition regards pressure, density, temperature, and 
of other bodies to the water; third, that the velocity. 

40 dielectric strength of ice or other fl'ozen To conduce to a better undel'standing of the 
aqueous substance increases with the reduc- invention, reference is now made to the ac
tion of temperature and corresponding in- companying drawings, in which·-
crease of hardness, and, fourth, that these Figures 1, 3, 6, 7,8, and 9 illustrate in lon
bodies afford a still more effecti ve insulation I gitudinal section typical ways of carrying 

45 for conductol's carrying intermittent or alter- out my invention; and Figs. 2, 4, 5, and 10, 
nating currents, particularly of high rates, in section or partly so, constructive detaiis 
surprisingly-thin layers of ice being c&pable to be described. 
of withstanding electromol ive forces of many In Fig. 1, C is a hollow conductor, snch as I 

hundreds and even thousands of yolts. 'rhese a steel tube, laid in a body of water and com-
50 and other observations have led me to the in- municating wit.h a reservoir 1", but electric

vention of a novel method of insulating con-l ally insulated from the same atj. A pump 
dnctors)l'endered practicable by reason ofthe . or compressor p of any snitable constrnction 
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connects 1" with another similar tank )'2, pro
vided with an inlet-valveL,2, The air O1'other 
gas which is used as the cooling agent enter
ing throngh the valve '02 is drawn through the 
tank 1,2 and pump p into the reservoir' 1", es
caping thence through the conductor C under 
any desired pressure, which may be regulated 
by a valve '0'. Both the reservoirs 1" and 1'2 

are kept at a low temperature by suitable 
m.eans, as by coils or tu bes t' t' and t2 t2 , through 
which any kind of refrigerating fluid may be 
circulated, some provision being preferably 
made for adjusting the flow of the same, as 
by valves '0'. The gas continuously passing 
through the tube or conductor C being very 
cold will freeze and maintain in this state the 
water in contact with or adjacent to the con
ductor and so insulate it. Flanged bushings 
'i' 'i2 of non-conducting material may be used 
to prevent the leakage of the current which 
would otherwise occur, owing to the forma
tion of a superficial film of moisture over the 
ice projecting ont of the water. The tube, 
being kept insulat.ed by this means, may then 
be employed in the manner of an ordinary 
telegraphic or other cable by connecting 
either or both of the terminals b' b2 ina cir
cuit including 1he earth. 

In many cases it will be of ad vantage to 
30 cover the hollow conductor with a thick layer 

of some cheap material, as felt, this being in
dicated by O'J in Fig. 2. Snch a covering, 
penetrable by water, would be ordinarily of 
little or no use; but when embedded in the 
ice it improves the insulating qualities of the 
same. In this inst,ance it furthermore serves 
to gl'eatlyreduce the quantity of ice required, 
its rate of melting, and the influx of heat 
from the outside, thus diminishing the ex
penditure of energy necessary for the main
tenance of normal working conditions. As 
regards this energy and other particulars of 
importance they will vary according to the 
special demands in each case. 

Generally considered, the cooling agent will 
have to carry away heat at a rate sufficient 
to keep the conductor at the desired temper
ature and to maintain a layer of the required 
thickness of the substnnce surrounding it in 
a frozen state, compensating continually for 
the heat flowing in through the layer and 
wall of the conductor and that generated by 
mechanical and electrical friction. To meet 
these conditions, its cooling capacity, which 
is dependent on the temperatnre, density, ve
locity, and specific heat, will be calculated 
by the help of data and formulw familiar to 
engineers. Air will be, as a rule, suitable 
for the lise contemplated; but in exceptional 
instanccs some other gas, as hydl'ogen, may 
be resorted to, which will permit a much
greater rate of cooling and a lower tempera
ture to be reached. Obvionsly whichever 
gas be employed it should before en tering the 
hollow conductor or channel be thoroughly 
dried and separated from all which by con
densation and deposition or otherwise might 

causo an obstruction to its passage. For 
these purposes apparatus may be employed 
which is well known and which it is unnec- 70 

essary to show in detail. 
Instead of being wasted at the distant sta

tion the cooling agent may be turned to some 
profitable use. Evidently in the industrial 
and commercial exploitation of my invention 75 
any kind of fluid capable of meeting the re
quirements may be conveyed from one to 
another station and there ntilized for refrig
eration, power, heating, lighting, sanitation, 
chemical processes, or any other purpose to 80 
which it may lend itself, and thus tho reve-
n ue of the plant may be increased. 

As to the temperature of the conductor it 
will be determined by the nature of its use 
and considerations of economy. For in- 85 
stance, if it bo employed for the transmis
sion of telegraphic messages, when the loss 
in electrical friction may be of no conse
quence, a very low temperature may not be 
required; but if it be used for transmitting 90 
large amounts of electrical energy, when the 
frictional waste may be a serious drawback, 
it will be desirable to keep it extremely cold. 
The attainment of this object will be facili
tated by any provision for reducing as much 95 
as possible the flowing in of the heat from 
the surronnding medium. Clearly the lower 
the temperature of the cOlllluctoI' the smaller 
will be t.ho loss in electrical friction; but., on 
the other hand, the colder the conductor the 100 

gTeater will be the influx of heat from the 
outside and the cost of the cooling agent. 
From such and similal' considerations the 
temperature securing the highest economy 
will be ascertain ed. Ie 5 

Most. frequently in the distribution of elec
tricity for industrial purposes, as in my sys-
tem of power transmission by alternate cllr
rents, more than one conductor will be re
quired, and in such cases it may be conven- lIO 

ient to circulate the cooling agent in H closed 
path formed by the conductors. A plan of 
this kind is illustratod in Fig. ;3, in which C' 
and C2 represent two hollow conductors em
bedded in a frozen mass underground and lIS 
communicating, respectively, with the resel'
voil's R' and R~, which are connected by a re
ciprocating or other suitable pump P. Cool-
ing coils 01' tubos '1" '1" and T2 TZ with regu
lating-val ves v' "v" are employed, which are 120 

similar to and serve the same purpose as those 
shown in Fig. 1. Other featUres of similar-
ity, though unnecessary, are illustrated to fa
cilitate an understanding of the plan. A 
three-way valve V2 is provideO, which when 125 

placed with its level' l as indicatecl allows 
the cooling agent to enter through the tuhes 
u' ,[(,2 ,and pump P, thus ftIling the reservoirs 
R' Rl and hollow conductors 8' GJ; but when 
turned ninety degrees the valye shuts off the 130 

communication to the outside through 1he 
tube'LIo' and establishes a connection between 
the reservoir Rl and pnmp P thl'ough the 
tubes g2 and 'u:), t,hus permitting the fluid to be 
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circulated in the ciosed path 0' 0 2 R2 US ~~2 P made, is shown in Fig. 6, which l;epresents 
R' by the action of the pump. Anot.her valve the cross- section of a tl'ough, the same in 
V' of suitable eonstruction mav be used for other respects as those before shown, but con- 70 
regulating the flow of the cooling agent. The taining instead of a hollow conductor any 

5 conductors 0' 0 2 are insulated from the res- kind of pipe or conduit L. The cooling agent 
ervoirs R' R2 and fl'om each other at the joints may be driven in any convenient manner 
J' J2 J3, and they are, furthermore, protected through the pipe for the purpose of freez-
at the places where they enter and leave the ing the water or other substance filling the 75 
ground by flanged bushings I' l' 12 12, of in- trough, thus insulating and fixing a number 

10 sulating material, which extend into the of conductors c c c. Such a plan may be pal'
frozen mass in order to prevent the current ticularly suitable in cities for insulating and 
from leaking, as above explained. Binding- fixing telegraph and telephone wires or the 
posts B' B' and B2 B2 are provided for con- like. In such cases an exceedingly-low tem- 80 
necting the conductors to the circuit at each perature of the cooling agent may not be re-

15 station. qui red, and the insulation will be obtained 
In laying the conduciors, as 0' 0 2, what- at the expense of little power. The conduit 

ever be their number, a trench will generally L may, however, be used simultaneously for 
be dug and a trough, round 01' square, as '1', conveying and distributing any kind of fluid 85 
of smaller dimensions than the trench placed for which there is a demand through the dis-

20 in the same, the intervening space being trict. Obviously two such conduits may be 
packed with some material (designated by M I provided and used in a similar manner as the 
M M) more or less impervious to heat, as saw- conductors Of 0 2• 

dust, ashes, or the like. Next, the conductors It will often be desirable to place in the 90 
will be put in position and temporarily sup- same trough a great number of wires or con-

25 ported in any con venient manner, and finally ductors serving for a variety of purposes. In 
the trough will be filled with water or other such a case a plan may be adopted which is 
substance W, which will be gradually frozen illustrated in Fig. 7, showing a trough simi-
by circulating the cooling agent in the closed lar to that in Fig. 6, with the conductors in 95 
path, as before described. Usually the trench cross-section. The cooling agent may be in 

30 will not be level, bnt will follow the undula- this instance circulated, as in Fig. 3 or other
tions of the ground, and this will make it nec- wise, through the two hollow conductors 0 3 

essary to subdivide the trough in sections or and 04, which, if found ad vantageous, may be 
to effect the freezing of the substance filling covered with a layer of cheap material m m, 
it successively in parts. This being done and such as will improve theil' insulation, but 

35 the conductors thus insulated and fixed, a not prevent the freezing or solidification of 
layer of the same or similar material M M:M the surrounding substance Woo. The tubular 
will be placed on the top and the whole cov- conductors Of 0 2, preferably of iron, may then 
ered with earth or pavement. The trough serve to convey heavy curren ts for supplying 
may be of metal, as sheet-iron, and in cases light and power, while the small ones c' c f c', 

40 where t.he ground is used as return-circuit it embedded in the ice or frozen mass, lllay be 
may serve as a main or it may be of any kind used for any other purposes. 
of material more or less insulating. Figs. 4 While my invention contemplates, chiefly, 
and 5 illustrate in cross-section two such un- the insulation of conductors employed in the 
derground troughs '1" and 1''', of metal sheet, transmission of electrical energy to a distance, 

45 with their adiathermanous inclosures, (desig- it may be, obYionsly, otherwise usefully ap
nated M' and Mil, respectively,) each trough plied. In some instances, for example, it 
containing a single central hollow conduct~r, may be desirable to insulate and support acon
as 0' and 0". In the first case the insulation ductor in places as ordinarily done by means of 
W' is supposed to be ice, obtained by freezing glass or porcelain insulators. This may be 

50 water preferably freed of air in order to ex- effected in many ways by conveying a cool
elude the formation of dangerous bubbles or. ing agent either through the conductor or 
cavities, while in the second case the frozen· through an independent channel and freez
mass 1-V" is some aqueous or other substance ing or solidifying any kind of substance, thus 
or mixture highly inSUlating when in this enabling it to serve the purpose. Such an 

55 condition. artificial insulating-support is illustrated in 
It should be stated that in many instances Fig. 8, in which a represents a vessel filled 

it may be practicable to dispense with a with water or other substance 10, frozen by 
trough by resorting to simple expedients in I the agent circulating through the hollow con
the placing and inSUlating of the conductors. ductor 0", which is thm; insulated and sup-

60 In fact, for some purposes it may be sufficient ported. To improve the insulation on the 
to simply cover the latter with it moist mass, top, where it is most liable to give way, a 
as cement or other plastic material, which so layer of some substance w', as oil, may be 
long as it is kept at a very low temperature used, and the conductor may be covered near 
and frozen hard will afford adequate insula- the support wit.h insulation ii, as shown, the 

65 tion. same extending into the oil for reasons well 
Another typical way of carrying out my il1- understood. 

vention, to which reference has already been Another typical application of my inven-

100 
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tion is shown in Fig. 8, in which P' and 8' 
represent, respectively, the primary and sec
ondary conductors, bare or insulated, of a 
Lr1tnsformer, which are wound on a core N 

5 and immersed in water or other substance \V, 
containing a jar H and, as before stated, pref
erably freed of air by boiling or otherwise. 
The cooling agent is circulated in any con
venienti manner, as through the hollow pri-

lO mary P', for the purpose of freez;ing the sub
stance "\V. Fhnged bushingfi cI cl and oU
cups e e, extending into the frozen mass, illus
trate suitable means for insulating the ends 
of the two conductors and preventing the 

IS leakage of the CUl'l'ents. A transformer, as 
described, is especially fitted for use with cur
rents of high frequency, when a low temperr,
ture of the conductors is part.icularly desir
able, and ice affords an exceptionally-effect-

20 iYe insulation. 
It will be understood that my invention 

Illay be applied in many other ways, that the 
special means here described will be gre1ttly 
varied accorc1ing to the necessities, and that 

25 in each case many expedients will he adopted 
which are ,veIl known to engineers and elec
tricians and on which it is unnecessary to 
c1 well. However, it may be useful to state 
that in sOllle instances a special provision will 

30 have to be made for effecting a uniform cool
ing of the su bstance surrounding the cond nc
tor thronghout its length. Assuming in Fig. 
1 the cooling agent to escape at the distant 
enc1 freely into the atmosphere 01' into a res-

35 ervoir maintained at low pressure, it will in 
passing through the hollow cond ueLor C move 
with a velocity steadily increasing towarc1 the 
end, expanding isothermally,or nearly s9,anc1 
hence it will canse all approximately-uniform 

40 formation of ice along the conc1l1ctor. In the 
plan illustrated i11 Fig. 3 a similar result will 
be in a meaSUl'G 1tttained, owing to the com
pensating effect of the hollow conductors C' 
and C2, which may be still fuether enhanced 

45 by reversing periodically the (1il'ection of the 
flow in any convenient manner; but in many 
cases special arrangements will have to be 
employed to render the cooling- more or less 
uniform. For instance, referring to Figs. 4, 

50 5, anc1 6, instead of a single channel two con
centric channels L' and L2 may be provided 
and the cooling agent passed through one anc1· 
returned through the other, as indicated dia
grammatically in Fig. 10. In this and any 

55 Rimilar arrangement when the flow takes place 
in opposite directions t,he object aimed at will 
be more completely attained by reducing the 
temperature of the circulating cooling agent 
at the distant station, which may be done by 

60 simply expanding it into a large reservoir, as 
RS, or cooling it by means of a tube or coil 
'1'3, or otherwise. Evidently in the case illus
tratec1 the concentric tubes may be used as 
independent conductors, insulated from each 

65 other by the intervening fluid and from the 
ground by the frozen or solidified substance. 

Generally in the transmission of electrical 

energy in large amounts, when the quantity 
of heat to ho carried off may be considerable, 
refrigerating apparatns thoroughly protected 70 
against the inflow of heat from the outsi(1e, 
as usual, will be employed at both the sta
tions and, when the distance between them ifi 
very great, also at intermediate points, the 
machinery beillg ad vantageonsly operated by 75 
the currents transmitted or fluids conveyed. 
In such cases a fairly-uniform free;r.ing of the 
insnlating substance will be attaine(l with
out difftcult.y by the compensating e1Iect of 
the oppositely-circulating cooling agents. In 80 

large plants of t.his ki11d,when the saving of 
electrical energy in the transmission is the 
most important consideration or when the 
chief object is to reduce the cost of the mains 
by the employment of cheap metal, as iron, 85 
01' otherwise, every effort will be made to 
maintain tho conductors at the lowest possi
ble temperature, and well-known refrigerat
ing processes, as those based on the regener
ative principle, may be resorted to, and in 90 
this and any other case the hollow conduc
tors or channels instead of merely serving 
the purpose of conveying the cooling agent 
may themselves form active parts of the re-
frigerating apparatus. 95 

From the above description it will be read-
ily seen that my invention forms a funda
llleD tal c1epartUl'e in principle from the es
tablii:!hec1 methods of insulating conductors 
employed in the industrial and commercial 100 

application of electricity. It aims, broadly, 
at obtaining insulation by the continuous ex
penditure of a moderate amount of energy 
instead of secming it only by virtue of an 
inherent physical property of the material 105 

used, as heretofore. More especially its ob
ject is to provide, when and wherever re
quired, insulation of high quality, of any de
sire(1 thickness and exceptioD1tlly cheap, a11l1 
to enable the transmission of electrical en- !IO 

ergy under conditions of economy heretoforo 
unattainable and at distances until now im
practicable by dispensing with the necessity 
of 1lsing costly conductors and insulators. 

"\Vhat I claim as my invention is- I IS 

1. The method of insulating electric con
ductors herein described which consists in 
imparting insulating properties to a material 
snrronnding or contiguous to the salcl con
ductor by the continued action thereon of a 120 

cooling agent, as set forLh. 
2. The method of insulating electric con

ductors herein described which consists in re
ducing to anc1 maintaining in a frozen or so
lidified condition the material surronnding 125 

or contiguons to the said eond nctor by the 
action thereon of a cooling agel1t maintninell 
in circulation through one 01' more channels 
as set forth. 

3. The methoc1 of insulating electric con- 130 
c1uctors herei.11 described which consists in 
surrounding or supporting the conductor by 
material which acquires insulating properties 
when in a frozen 01' solidified Rtate, anc1 maill-
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taining the material in such a state by the 
circulation through one or more channels ex
tending through it of a cooling agent" as set 
forth. 

5 4. The method of insulating an electric con
ductor which consists in surrounding or su p
porting said conductor by a material which 
acquires insulating properties when frozen or 
solidified, and maintaining the material in 

10 such state bypassing a cooling agent continu
ously through a channel in said conductor, 
as set forth. 

5. The method of insulating electric con
ductors, which consists in surrounding or 

IS supporting the said conductors by a material 
which acquires insulating properties when in 
a frozen or solidified state, and maintaining 
the material in such state by the continued 
application thereto of a cooling agent, as set 

20 forth. 
6. '1'he method of insulating conductors 

herein set forth which consists in surround-

ing or supporting the conductors by a ma
terial which acquires inSUlating properties 
when in a frozen or solidified state, and maiu- 25 
taining the material in such state by the cir
culation of a cooling agent through a circuit 
of pipes or tubes extending through the said 
material as set forth. 

7. The method of insulating electric con- 30 
ductors which consists in laying or support
ing the conductors in a trough or conduit 
filling the trough with a material which ac
quires insulating properties when frozen or 
solidified, and then causing a cooling agent 35 
to circulate through one or more ehannels ex
tending through the material in the trough 
so as to freeze or solidify the material, as 
set forth. 

NIKOLA TESLA. 
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PARKER W. PAGE, 
]H. LAWSON DYER. 
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To all whonvib Tivay concern: 
B& it known that I, NIKOLA TESLA, a citi

zen of the United States, residing at the bor
ough of 1\fanhattan,in the city, county, and 

5 State of New York, have invented cerl1lin new 
and useful ImprovementS in 1tfeans for In
.creasing the Intensity'of Electrical Oscilla
tions, of which the following is a specification, ' 
refer&nce b~ing, had to the drawings accom-

10 panying and forming part of the same. 
In many scientific and practical nses of 

eloctrical impulses or oscillations-as, for ex
ample, in systemsof transmitting intelligence 
to distant points-:--it is of great; mportance to 

15 intensify as much as possible tne current im
pulses or vibrations which are produced in 
the circuits of the transmitting and receiv
ing instruments, particularly of the latter. 

It is well known that when electrical im-
20 pulses are impressed upon a circuit adapted 

to oscillate freely the intensity of the oscilla
tions developed in the same is dependent on 
the magnitude of its physical constants and 
the relation of the periods of the impressed 

215 and of the free oscillations. For the attain
ment of the best result it is necessary that 
the periods of the impressed should be the 
same as that of the free oscillations, under 
which conditions the intensity of the latter is 

3C greatest and chiefly dependent on the induc
tance and resistance of the circuit, being di
rectly proportionate to the former and in
ver.sely to the latter. In order, therefore, to 
intensify the impulses or oscillations excited 

35 in the circuit-in other words, to produce the 
greatest rise of cnrrent or electrical pressure 
:n the same-it is desirable to make its in
d uctmlc0 as largeand its resistance as small as 
practicable. naving this end in view I have 

40 llevised and used conductors of special forms 
, and of relatively very l'K'i'ge cross-section; but 
I have found that limitations exist in regard 
to the increase of the induct,ance as well as to 
the diminution of the resistance, This will 

·15 be understood when it is borne in mind that 
t.he resonant rise of current 01' pressure in 
it freely - oscillating circuit is proportionate 
to the frequency of the impulses and that a 
large inductance in general involves a slow 

50 vibration, On the other hand, an increase of 
t11(:" sl',rt.ion of the conductor with the object 
of reducing its resi~tance is, beyond a certain 

limit, of little or no value, principally because 
electrical oscillations,' particularly those of 
high frequency, pass mainly through the su- 55 
perficial conducting lajTers, and while it is 
tr11e that this drawback may be overcome in 
a measure by the employment of thin ribbons, 
tu bes, or stranded ca bles, yet in practice other 
disadvantages arise, which often more than 60 
offset the gain. 

It is a well. established fact that as the tem
peratu,re of a metallic conductor rises its elec
trical resistance increases, and in recognition 
of this constructors of commercial elootrical 65 
apparatus have heretofore resol~ted to many 
expedients for preventing the coils and other 
parts of the same from becoming heated when 
in nse, but merely with a view to economiz
ing energy and reducing the cost of construc- 70 
tion and operation of the apparatus. 

Now I have discovered that when a circuit 
adapted to vibrate freely is maintained at a 
low temperature 'the oscillations excited in 
the same are to an extraordinary degree mag- 75 
nified and prolonged, and I am thus enabled 
to produce many valuable results which qave 
heretofore been wholly impracticable, 

Briefly stated, then, my invention consists 
in producing a great increase in the intensity 80 
and duration of the oscillations excited in a 
freely-vibrating or resonating circuit by main
taining the same at a low temperature, 

Ordinarily in commercial apparatus such 
provision is made only with the object of pre- 8S 
venting wasteful heating, and in any event 
its influence upon the intensity of the'oscilla
tionsis very slight and practically negligible, 
for as a rule impulses of arbitrary frequency 
are impressed upon a circuit, irrespective of 90 
its own free vibrations, a.od a resonant rise is 
expressly avoided. 

My invention, it will be understood, does 
not primarily contemplate the saving of en
ergy, but aims at the attailllnent of a dis- 95 
tinctly novel and valuable result-that is, the 
increase to the greatest practicable degree of 
the intensity and durationof free 08cillat.ions. 
It may be usefully applied in all cases when 
this special object is sought, hut offers ex- 100 

ceptional advantages in those instances in 
which the freely-oscillating discharges of a 
condenser are utilized. 

The best and most convenient manner of 
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carrying out the invention of which 1 am now 
aware is to surround the freely-vibr~ting cir
cuit or conductor, which is to be maintained 
at a low temperature, with a fjuitable cooling 

S medium, which may be aby kind of freezing 
mixture or agent, such as liquid air, and in 
order to derive the fullest benefit from the 
improvement the ('ircuit should be primarily 
constructed so as tp have the greate~t possi-

10 .ble self-induction and the smallest practica
bleresistance, and other rnles of construction 
which are now recognized should be observ~d. 
For example, when in a system of transmis
sion of energy for aRY pnrpose through the 

IS na.tural media the transmitting and receiving 
conductors are connected to earth and to an 
. immlated terminal, respectively, the lengths 
of these conductors should be on,e-quarter of 
thtl wave length of the disturbance propa-

20 gated throllgh them. 
In the accom panying dra wing I ha ve shown 

graphically a disposition of apparatus which 
may be 'used in applying practically my in
vention. 

25 The drawing illustrates in pe.rspective t~o 
devices, eUher of which may be the transmit
ter, while the other is the receiver. v In each 

. there is a coil of few turns and low resistance, 
. (designated in one by A and in the other by 

30 A'.) The former coil, supposed to be form-. 
jng part of the transmitter, is. to be connected 
with a suitable source of current, while tlie 
latter is to be included in circuit with a re
ceiving device. In inductive relation to said 

35 coils ill each instrument is a flat f;!pirally
wound coil B 01' E', one terminal of which is 
shown as connected to a ground-plate C, while 
the other, leading from the center, is adapted 
to be connected to an insulated terminal, 

40 which is generally maintained at an elevation 
in the air. The coils B BI are placed in in
sulating - receptacles D, which contain the 
free~ing agent and around which the coils A 
and AI are wound. . 

45 Coils in the form of a flat spiral, such as 
those described, are eminently suited for the 
production of free oscillations; but obvionsly 
conductors or circuits of any other form may 
be used, if desiTed. 

So From the foregoing the operation of the ap
paratus will now be readily understood. As
sume, first, as the· simplest case that upon 
the coil A of the transmitter i.mpulS1:ls .01' os
,cillat~ons of ~n arbitrary frequency and irre-

55 spectlVe of Its own free vibrations are im
pressed. Corresponding oscillations will then 
be induced in the circuit B, which, being con
stl'Ucted and adjllsted, as before indicated, so 
as to vibl'ateat the same rate, will greatly 

60 magnify them, the increase being directly 
proportionate to the product of the frequency 
of the oscillations and the inductance of cir
cuit B and inversely to,the r<>sistance of the 
latter. Other conditions remaining the same, 

6S the intensity of the oscillations in the reso
nating-cil'cuit B will be increased in the same 
proportion as its resistance is reduced. Very 

often, however, th«:l conditions may be such 
that the gain sought is not realized directly 
by. diminishing the resistance of the circuit. 70 
In such cases the skilled expert whg applies 
the invention will turn to adyantage the re
duction of resistance by usi~g a correspond
inglylonger conductor, thus securing a much 
greater self-induction, and under aU circum- 75 
stances he will determine the dimensions of 
the circuit, so as to get the greatest, valuelof 
the ratio of its indmctance to its resi~tance, 
which determines the intensU,y of the free os
cillatious. The vibrations of coil B, greatly 80 
strengthened, spread to a distance and on 
reaching the tuned receiving-condnctor B' ex
cite corresponding oscillations in the same, 
which. for similar reasons are intensified, 
with the result of inducing coi'respondingly 85 
stronger CUl'rents 01' oscillations in circuit AI, 
including the receiving device. When, as 
may be the case in the transmission of intel
ligible signals, the circuit A is periodically 

. closed and 9pened, the effect upon the re- 9U 

ceiver is heightene~ in_the manner above de
scribed not only because the i.mpulses in the 
coils Band B' are strengthened, bu t also on ac: 
count of their- persistence through a longer 
interval of time. The advantages offered by 9S 
tl).e invention are still more fuUy realized 
when the circuit A of the transmitter instead 
of having impulses of an arbitrary frequency 
impressed upon it is itself permitted to vibrate 
at its own rate, and more particularly so if it -100 

be energized by the freely-oscillating high-fre
quency discharges of a condenser. In such a 
case the cooling of t~e co~uctor A, which may 
be effected in any suitable manner, results in 
ail extraordinary magnification of the oscilla-. lOS 

tion in the resonating-circuit B, which I at-· 
tribute t.o the increased intensity as well 80S 
greater number of the high-frequency oscilla
tiom; obtained in the circuitA. Thereceiving-
coil BI is energized stronger. in pFopor~on and t to 
induces currents of greater intensity in the 
ci~cuit AI. It iF! evident from the above that 
the grea tel' the n umber of the freely-vibrating 
circuits which alternately receive and trans-
mit energy from one to another the greater, ni 
relatively, will be the gain secured byapply-
ing my invention. 

I do not of cOilrse intend to limit myself to 
the specific manner and means described of 
artificial cooling, nor to the particular forms 120 

and al'rangemen ts of. the circuits shown. By 
taking advantage of the facts above poiuted 
out and '!Jf the means described I have found 
it possible to secure a rise of electrical pres
sure in an e~cited circuit very maQY times uS 
greater than has heret9fore been obtainable, 
and this result makes it practic&ble, among 
other things, to greatly extend tM distance 
of transmission of signals and to exclude much 
more effectively interference with the' same 
than bas been possible heretofore. _ . 

Hav}ng now described my inven..tion, what 
I claim is-

1. The combination with a circuit adaptcd 
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to Vibrate tl'eely, of means for artificially cool
ing the same to a low temperature, as herein 
set fDrth. 

2: In an apparatus for tmnsmitting 01' re-
S c€iving electrical impulses or <?scillat.ions, the 

combination with a primary and a secondary 
circnit, adapted to vibrate freely in re!'!ponse 
to the impressed oscillations, of means for 
artificially cooling the same to a low tempera-

IC ture, as 'herein set fort·h. 
. 3. In a system for t.he transmission of elec
trical energy, a circuit upon which electrical 
oscillations are impressed, and which is adapt
ed to vibl'atefreely, in combination with a re-

IS ceptacle containing an artificial refrigerant 
in which said circuit is immersed, as herein 
set forth. . 

4. The means of increasing the intensity· 
of the electrical impulse!! or oscillations Im-

20 pressed upon a freely-vibrating circuit, con-

sisting of an artificial refrigerant combined 
with and applied to such circuita_ud adapted 
to maintain the same at a low temperature. 

5. The means of intensifying and 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 uniformly
low temperature. 

6. In a system for the transmission of ell- 30 
ergy, a series of transmitting and receiving 
circuits adapted to vibrate freely, in combi
nation with means for artificially maintain
ing the same at a low temp€lratul'o, as .sot 
forth. 

NIKOI~A TESLA. 

,Witnesses: 
JOHN C. KERR, 
1\1. LAWSON DYEIL 
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To all Wh071u it 7nay concern: to the transmitting app,Lmtns, which often 
Beit known that I, NIKOLA. TESLA, a citizen imposes great disadvantages npon the nse of 

of the United States, residing at New York, the apparatns. 55 
in the county and State of New York, have In several applications filed by me and pal-

5 invented a ne\'1 and useful Improvement in ents grant8d to me I have disclosed otllel' 
Methods of Intensifying and Utilizing Effects methods of accomplishing res nIts of this 11a
'l'ransmHted Through the Natural Media, of ture, which may be briefly described as fol
which the following is a specification, refe1'- lows: In one system the potential of a point 60 
ence being had to the accompanying dmw- I or region of the earth is varied by imparting 

10 ings, which form a part of the same. I to it intermittent or alternating electrifica-
The subject of my present invention is an tions tlll'ough one of the terminals of a sllit

improvement in the art of utilizing effects able source of electrical disturbances which, 
transmitted from a distance to a receiving to heighten the effect, has its other terminal 65 
device through the natural media; and it con- connected to an insulatetlbooy, preferably 

15 3ists in a novel method by means of which of large surface and at an elevation. The 
results hitherto unattainable may be secured. electrifications com m unicnted to the earth 

Several ways Ot' methods of transmitting- spread in all directions through the same, 
eleckical disturbances through the nfLtnral reaching a distant cinmit which generally 70 
media and utilizing them to operate distant has its terminals alTflngell and connected 

20 receivers are now known and have been ap- Rimilal'ly to those of the transmitting source 
plied with more or less success for aceom plish- and operates n pon a highly-sensiti ve recei vel'. 
ing a val'iet,y of useful results. One of these Another method is based upon the fact that 
ways consists in producing by a suitable ap- the atmospheric air which behaves as an ex- 75 
paratus rays or radiations-that is, disturb- cellent insulator to cUl'l'ents generated by 01'-

25 ances-which are propagated in straight lines dinary apparatus becomes a conductor under 
through space, directing them upon a recei y- the influence of currents or impulses of e1101'
ing or recording apparatus at a distance, and ll10lls1y-high electromotive force which I have 
thereby bringing the latter into action. This devised means for generating. By snch 80 
method is the oldest and best known and has means air strata, which are easily accessible, 

30 been brought particularly into prominence \ are rendered available for the production of 
in recent, years through the investigations of lllany desired effects at distances, however 
Heinrich Hertz. Another method consists in great. This method, furthermore, allows ac1-
passing a current throngh a circuit, prefer- vantage to be taken of many of those im- 85 
ably one indosing tL very large area, inducing provements which are practica,ble in the 01'-

35 tbereby in a similar circuit situated at. a dis- dinary systems of transmission in\'olving the 
tance another cnrrent and affecting by the use of a metallic cOlldllctOt'. 
same in anj; convenient way a receiving de- Obviously whatever method be employed 
vice. Still another way, which has also been it is desira,ble that t.he disturba,nces produced 90 
known for many years, is to pass in any suit- by the t1'ansmi tting apparatus should be as 

40 able manner a cnrrent thl'ongh a portion of powerful as possible, and by the use of cer
the ground, as by connecting to t\"O points tain f01'ms of high-fl'equ8ncyappal'atus which 
of the same, preferably at a considerable c1is- ./ I have devised and which are now well known 
tance from each othm', the t\yO terminals of a important pl'actic,Ll advantages are in this re- 95 
generator and to energize by a part of the cnr- spect secmed. FL1rthermore, since in most 

45 rent diffnsed throngh the earth It distant cil'- cases the amollnt of enel'gy conveyed to the 
cuit which is similarly arranged and ground- distant circuit is but a minute fraction of the 
eel at two points widely apal't and which is total energy emanating fl'om the source it is 
made to act upon a sensitive receiver. These necessary fol' the attainment of the best l'e- 10:) 

varions methods have theil' limitations, one sulls that whatever t,l16 character of the re-
50 especially, which is common to all, being that ceive1' and the natnre of the disturbances as 

the receiving circuit or instrument mURt be much as possible of the energy conveyed 
maintained in a definite position with respect should be made available for the operation 
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of the receiver, and with this object in view 
I ha"e heretofore among other means em
ployed a receiving-circuit of high self-induc
t ion and very small resistance and of a pe-

S riod snch as to vibrate in synchronism with 
the distnrbances, whereby a nnmber of sep
al'ate impulses from the source were made to 
cooperate, thus magnifying the effect exerted 
upon and insuring the action of the receiv-

10 ing device, By these means decided advan
tages ha ye been secured in many instances; 
but very often the improvement is either not 
applicmble at all 01', if so, the gain is very 
slight, Eddently when the S011l'ce is one pro-

IS ducing a continuous pressure or delivering 
impulses of long d mation it is impracticable 
to magnify the effects in this manner and 
when, on the other hand, it is one furnishing 
short impulses of extreme rapidity of succes-

20 sion the advantage obtained in this way is 
insignificant, owing to the radiation and the 
unavoidable frictional waste in the receiving
circuit. These losses reduce greatly both t,l18 
intensity and the number of the cooperative 

25 impulses, and since the initial intensity of 
each of these is necessarily limited only an 
insignificant amount of energy is thus made 
available for a single operation of the receiYel', 
As this amoun tis conseq nently dependent on 

30 the energy conveyed to the receh'er by one 
single impulse it is evidently necessary to 
employ either a very hu'ge and costly, and 
therefore objectionable, transmitter or else to 
resort to the equally objectionable use of a 

35 receiving device too delicate and too easily 
deranged, Furthermore, the energy obtained 
through the eoopemtion of the impulses is in 
1,he form of extremely rapid vi brlltions and, 
because of this, uusuitable £01' the operation 

40 of ordinary recei vel'S, the more so asthis forIll 
of energy imposes narrow restrictions in re
gard to the mode and time of its application 
to such deviees, 

To overcome these and other limitations 
45 and disadvantages which have heretofore ex

isted in such systems of transmission of sig
nals or intelligence is the main object of my 
present invention, which comprises a novel 
method of accomplishing these ends, 

50 The method, briefly stated, consists in pro-
ducing arbitrarily-varied or intermittent dis
turbances or effects, transmitting such dis
turbances 01' effects through the natural me
dia to a distant receiving-station, utilizing 

55 energy derived from such disturbances or ef
fects at the l'eeei ving-station to charge a con
denser, and using the accumulated potential 
energy so obtained to operate a receiving de
vice. 

60 An apparatus by means of which this 
method may be practiced is ill ustrated ill 
the drawings hereto annexed, in which

Figure 1 is a diagrammatic illustration of 
the apparatus, and Fig. 2 is a modified fOl'ln 

65 or arrangement of the same. 
In the practical application of Illy metholl 

I usually pI'oceed as follo\vs: At ally two 

points in the tl'ansmitting medium between 
which there exists 01' may be obtained in any 
manner through the action of the disturb- 70 
ances or effects to be investigated or utililled 
a difference of electrical potential of any mag
nitude I arrange two plates or electrodes so 
that they may be oppositely charged through 
the agency of sllch effects 01' disturbances, 75 
and I connect these electrodes to the termi
nals of a highly-insulated condenser, gener
ally of considerable capacity, To the con
denser-terminals I also connect the receiver 
to be operated in series with a device of suit- 80 
able construction, "'hich performs the func
tion of periodically discharging the cOllc1ensel' 
throngh the receivel' at and during such in
tervals of time as may be best suitable fol' 
the purpose contemplated, This device may 8S 
merely consist of two statiol1<l,ry electrodes 
separated bya feeble dielectric layer of minute 
thickness or it may comprise terminals one 
or more of which are movable and actnated 
by allY snitable force and aro adapted to be 90 

brought into and out of contact with each 
other in any con venien t mannel', It will now 
be readilv seen that if the disturbances of 
whatever"naLure they may be cause definite 
amounts of electricity of the Sftme sign to be 95 
conveyed to each of the plates 01' electrodes 
above mentioned, either continnously 01' at 
intervals of time which are sufficiently long, 
the condenser will be charged to a certain po
tential, and an adequate amount of energy 100 

being th us storerl during the ti me determined 
by the device effecting the discharge of the 
condenser the recei Ye1' will be periodically 
operated by the eleetricalenergy so accumu
lated; but vel'y often the character of the ill1- 105 

pnlses and the comli lions of theil' nse are such 
that without furthcl' provision not enough 
potentialenel'gy would be accnmulated in tho 
condenser to opemte the receiving device, 
This is the case when, for example, etwh of 110 

the plates or terminals receives eleetricity of 
rapidly-changing sign or eyon when each re
ceives elActricity of the same sign, but only 
during periods ",-hich are short as compared 
with the i 11 tenals separatin~ them, In such 115 
inst,tnces I resort to the nse of it special de
vice which I insert in the circuit between 
the plates and theconc1enser for tho purpose 
of eon veyiug to each of the terminals of the 
latter electrical charges of tho propel' (pal- 120 

ity and order of snccession to enable the re-
q uired :l1non nt of potential energy to be stored 
in the eondenser. 

There are a n11m bel' of well-known devices, 
either without any moving pttl'ts or terminals 125 
or with elements reciprocated or rotated by 
the application of a suitable force, which of-
fer a more ready passage to impulses of one 
sign or direetioll thnn to those of the other, 
or permit only impulses of one killll 0]' order 130 

of succession to traverse a path, and any of 
these or similar devices capable of fulfilling 
the req u iremcnts may be IIsell in carrying my 
invention into prae.tice. One snch c1eviee of 

-
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familiar constrnction 'which will serve to 
convey a clear understanding of this part of 
my invention and enable a person skilled in 
the art to apply the same is illustrated in 

5 the annexed drawings. It consists of a cylin
der A of insulating material, which is moved 
at a uniform rate of speed by clockwork or 
other suitable motive povyer and is provided 
with two metal rings E E', upon which bear 

IO brushes a and a', which are connected, re
spectively, in the manner shown to the ter
minal plates P and P', above referred to. 
From the rings E E' extend narrow metallic 
segments sand s', which by the rotation of 

15 the cylinder A are brought alternately in to 
contact with don ble brushes band b', carried 
by and in contact with condl1cting-llOlc1el's h 
and h', which are adjustable longitudinally 
in the metallic supports D and D', as shown. 

20 The latter are connected to the terminals T 
and· T' of a condenser 0, and it shon1c1 be un
derstood that they are capable of angular 
displacement, as ordinary brush -su PPOl'ts. 
The object of using two brushes, as band b', 

25 in each of the holders hand h' is to varv at 
will the dura tion of the electric (1on tact o( the 
plates P and P' with the terminals T and '1", 
to which is connected a receiving-circuit in
cluding a receiver R and a device cI of the 

30 kind above referred to, which performs the 
duty of closing the receiving-circuit at pre
determined intervals of time and discharging 
the stored energy through the receiver. In 
the present case this device consists of a cyl-

35 inder il, made partly of conducting and partly 
of insnlating m'aterial e and e', respectively, 
which is rotated at the desired rate of speed 
by any suitable means. The conducting-part 
e is in good electrical connection '.'lith the 

40 shaft S and is provided with tapering seg
mentsfj~ upon which slid0s H bi'ush k, sup
ported on a conducting-rodl, capable of lon
gitudinal adjustment ill a metnllic snpport 
1n. Another brush n is arranged to bear 

45 upon the shaft S, and it will be seen that 
wl16never one of the segments f comes in con
tact with the brush h the circnit, including 
the receiver R, is completed and the con
denser discharged throngh the same. Byan 

50 adjustment of the speed of rotation of the 
cylinc1er cl and a displacement of the brush 
7c along the cylinder the circuit may be made 
to open and close ill as rapid snccession and 
remain open or closed d ming s nch in tervals 

55 of time as may be desired. '1'he plates P and 
P', through which the electrifications nre COll

veyed to the brushes a and a', may be at a 
considerable distance from each other and 
both in the gronnd 01' both in the air, or one 

60 in the gronnd and t.he other in the air, pref
erablyat some height, or they may be COll
nected to conductors extending to some dis
tance or to the terminals of any kind of ap
paratns snpplying electrical energy whkh is 

65 obtained from the energy of the impulses or 
disturbances transmitted fI'OIU a dist.ance 
through the llatmal media, 

In illnstmLion of the operittion of the de
vices described let it be assumed that alter
nating electrical impulses from a distant gen- 70 
erator, as G, are transmitted throngh the 
earth and that it is desired to utilize thosc 
impulses in accordance with my method. 
This may be the case, for example, when such 
a generator is nsed for pl1l'poses of signaling 75 
in one of the ways before ennmerated, as by 
having: its terminals connected to two Doints 
of the~earth distant from each other. In this 
case the Dlates P and P' are first connected 
to two properly-selected points of the earth. 80 
The speed of rotation of the cylinder A is 
ya.ried until it is ma.de to turn in synchro
nism with the alternate impulses of the gen
erator,ancl,finally, the position of the brushes 
band b' is adjusted by angular displacement, 85 
as usual, or in other vmys, so that they are 
in contact with the segments sand s' during 
the periods when the impulses are at or near 
the maximum of their intensity. Only onli
nary electrical skill and knowledge are rc- 90 
qui red to make these adjustments, and a 
n umber of devices for effecting synchronous 
movement being well known, and it being 
the chief object of my present application to 
set forth it novel method of utilizing or ap- 95 
plying a principle, it detailed description of 
such devices is not considered necessary. I 
may state, however, that for practical pur
poses in the present case it is only necessary 
to shift the brushes forward or back until the leo 
maximum effect is secured. The above re
quirements being fulfilled, electrical charges 
of the same sign will be con veyed to each of 
the condenser-terminals as the cylinder A is 
rotated, and with each fresh impulse the con- 105 

denser will be charged to a higher potential. 
The speed of rotation of the cylinder cZ be-
ing adjustable at will, the energy of any num-
ber of separate impulses may thus be accn-
ID ulated in poten Lial form and discharged 110 

through the receiver R upon the brush k 
coming in contact with one of the segments 
f. It will be of course understood that the 
capacit.y of the condenser should be such as 
to allow the storing of a much greater amount I IS 
of energy t han is required for the ordinary 
operation of the receiver. Since by this 
niethod a relatively great amount of energy 
and in a. suitable form may be made avail
able for the operation of a recei vel', the latter 120 

neeel not be very sensitive; but of course 
when the impulses are very feeble, as when 
coming from a great distance or when it is 
desired to operate a receiver very rapidly, 
then any of the well-known devices capable 125 

of responding to yery feeble inft uences may 
be used in this connection. 

If instead of the alternating impulses short 
impulses of the same direction are conveyed 
to the plates P and P', the apparatus cle- 130 

scribed may still readily be used, and for this 
purpose it is mere1y necessil.ry to shift the 
brushes band b' into the position indicated 
by t,1l0 dotted lines while maintaining the 
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same concliLions in regard to synchronism as and the terminals of the condenser connected 
before, so that the succeeding impulses will directly to the plates P and P'. 
be permitted to pass into the condenser, but It will be seen that by the use of my ill- 70 
prevented from returning to the ground or vention results hitherto unattainable in ntil-

5 transmitting medium during the intervals izing disturbances or effects transmitted 
between them, owing to the interruption dur- through natural media may be readily at
ing such intervals of the connections leading tainec1, since however great the distance of 
from the condenser-terminals to the plates. snch transmission and however feeble or at- 75 

Another way of using the apparatus with tenl1ated the impulses received enough en-
ID impulses of the same direction is to take off ergy maybe accumulated from them bystol'

one pail' of brushes, as b, disconnect Ule plate ing up the energy of succeeding impulses for 
P from brush a and join it directly to the te1'- a sU1Iicient interval of time to render the sud
minal T of the condenser, and to connect den liberation of it highly effective in operat- 80 
brush a with brush a'. The apparatus thus ing a receiver. In this way receivers of a va-

IS modified would appear as shown in Fig. 2. riety of forms may be made to respond effect
Operated in this manner and assuming the ively to impulses too feeble to be detected or 
speed of rotation of cylinder A to be the same, to be made to produce any sensible effect in 
the apparatus will now be evidently adapted any other way of which I am aware, a result 85 
for a number of impulses per unit of time of great value in various applications to prac-

20 t,wice as great as in the preceding case. In tical use. 
all cases it is evidently important to adjust Idonotclaimhereinanapparatushymcans 
the duration of contact of segments sand s' of which the above-described method is 01' 

with brushes b b' in the manner indicated. may be practiced either in the special form 90 
"When the method and apparatus I have c1e- herein shown or in othel' forms which are 

25 scribed are used in connection with the trans- possible, having made claims to such nppa
mission of signals or intelligence, it will of ratus in another application, Serial No. 
course be understood that the transmitter is 720,812, filed September 8,1800, ns n division 
operated in such a way as to produce disturb- of the present case. 95 
ances or effects which are varied or interll1it- "\"'hat I claim as my invention, anl1l1csil'c 

30 ted in some arbitrary manner--for example, to secme by Letters Patent, is-
to produce longer and shorter successions of 1. The method of transmitting amI utiliz
impulses corresponding to the dashes and dots ing electrical energy herein described, which 
of the Morse alphabet-and the receiving de- consists in producing arbitrarily varied or ill- IOO 

vice will respond to and indicate these varia- tennitted electrical disturbances or effects, 
35 tions or intermittences, since the storage de- transmitting the same to a distant receiving

vice will be charged and discharged a number station, charging, for sncceeding and prede
of times corresponding to the dUl'ation of the terminecl periods of time a condenser with 
successions of impulses received. energy derived from such effects or disturb- IDS 

Obviously the special appliances used in ances, and operating a receiving device by 
40 calTsing out my invention may be varied in discharging at arbitrary intervals, the accu

many ways without departing from the spirit mulated potential energy so obtained, as set 
of the same. forth. 

It is to be observed that it is the function 2. The method of transmitting and utili;/,- lID 

of the cylinder A, "with its brushes and con- ing elect.rical energy herein described, which 
45 nections, to render the electrical impulses consists in producing electrical disturbances 

coming from the plates P and P' suitable for or effects capable of being transmitted to a 
charging the condenser (assuming them to be I distance through the natural media, charg
unsuitable for this purpose in the form in ing a condenser at a distant receiving-station IrS 
which they are recei\Ted) by rectifying t,hem I with energy derived from such effects or c1is-

50 when they are originally altel'l1ating in direc- , turbances, and using for periods of time, pre
tion or by selecting such parts of them as determined as to succession and d mation, 
are suitable when all are not, and any other the potential energy so obtained to operate a 
device performing this function will obvi- receiving device. 120 

ously answer the purpose. It is also evident 3. The method of transmitting and ntiliz-
55 that It device such as I have already referred ing electrical energy herein described, which 

to which offers a more ready passage to im- consists in producing electrical disturbances 
pulses of one sign or permits only impulses of or effects capable of being transmitted to a 
the same sign to pass may also be used to distance through the natural media, charg- 125 

perform this selective function in lllany cases ing a condenser at a distant receiving-station 
60 when alternating impulses are l'ecei ved. for succeeding and predetermined periods of 

"When the impulses are long and all of the time, with energy derived from such effects 
same direction, and even when they are al- or disturbances, and using for periods of time 
tel'l1ating, but sufficiently long in duration predetermined as to succession and cluration, 130 

and snstained in electromotive force, the the acculllulated energy so obtained to oper-
65 brushes band b' may be adjusted so as to ate a receiving device. 

,bear on the parts B D' of the cylinder A, or 4. The method hereinbefore described of 
the cylinder and its brushes may be omitted producing arbitrarily varied or intermittcd 
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electrical disturbances or effects, transmit
ting such disturbances or effects through 
the naturalmedin, to a distant receiving-sta
tion, storing in a condenser encrgy derived 

5 from a snccession of such distl1l'bances or ef
fects for periods of timc which correspond in 
succession to such effects or disturbances and 
are predetermined as to duration, and using 
the accumulated potential energy so obtained 

10 to operate a receiving device. 
5. The method herein described of produc

ing arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting sucb 
disturbances or effects through the natural 

[5 media to a distant receiving-station, estab
lishing thereby a flow of electrical energy in 
a circuit at such station, charging a con
denser with energy from such circuit., al1l1 
nsing the accumulated potential energy so 

2:) obtained to operate a receiving device. 
G. The method herein described of produc

ing arbitrarily varied or in term i tted electrical 
disturbances .or effects, transmitting such 
disturbances or effects throngh the natural 

25 media to a distant receiving-station, estab
lishing (hereby a flow of electrical energy in 
a circuit at such station, charging a con
densel' with electrical en01;gy from such cir
cuit, and discharging the accumulated poten-

30 tial energy so obtained into or through a re
ceiving device at arbitrary intervals of time. 

7. The method herein described of produc
ing arbitrarily variedor in tel'mitted electrical 
disturbances 01' effects, transmitting snch 

35 disturbances or effects to a distant receiving
station, establishing thereby a flow of elec
trical energy in it circuit at snch station, se
lecting or directing the im pulses in said cir
cuit so as to render them suitable for c]Ul1'g-

40 ing a condenser, charging a conc1ensel' with 
the impulses so selected or directed, and dis
charging the accumulated potential energy 
so obtained into, or through a receiving de
vice. 

45 8. The method herein described of produc-
ing arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting snch 
disturbances or effects throngh the natural 
media to a distant receiving-station, estab-

50 lishing thereby a flow of electrical energy in 

a circuit at such station, selecting or direct
ing the impulses in said circuit so as to ren
der them suitable for charging a condenser, 
charging a condensor \vith the impulses so 
selected 01' t1irocted, and discharging the ac- 55 
cum nlnted poten tial encrgy so obtained in to, 
01' throngh a receiving device at ftrbitral'Y in
tervals of time. 

9. The method hereinbefore described of 
transmitting signals or intelligence, which 60 
consists in producing at the sending-station 
arbitrarily varied or in termitted disturbances 
or effects, transmitting such disturbances 
or effects through the natural media to a re
ceiving-station, utilizing energy derived from 65 
snch disturbances or effects at the l'ecei ving
stntion to. charge f!, condenser and using the 
accumnlated potential energy so obtained to 
operate a receiving device. 

10. The method hereinbefore described of 70 
transmitting signals or intelligence throngh 
the natural media from a sending-station to 
a receiving-station, which consists in produc
ing at the sending-station, arbitrarilyval'ied 
01' intermitted electl'ical effects or distl1l'b- 75 
ances, transmitting the same through the nat
ural media to the receiving-station, utilizing 
the energy derived from snch distmbances or 
effects at the receiving-station to charge a 
eondenser, and c1ischfll'ging the accumulated 80 
potential energy so obtained through a re
ceiving devir,e at arbitrary intervals of time. 

11. The methoc1 hereinbefore described of 
transmitting siguals or intelligence ·from a 
sending to a distant receiving station, which 85 
consists in producing at the former, arbitra
rily varied 01' intermitted electrical disturb
ances 01' effects, transmitting the same to the 
receiving-station, charging by the energy de
rived from snch disturbances or effects at the 90 
recei ving-station a condenser, and using for 
periods of time predetermined as to succes
sion and duration, the potential energy so 
obtainec1 to operate g receiving device, as set 
forth. 

NIKOLA 'fESLA, 

-Witnesses: 
LEONARD E. CUR1'IR, 
A. E. SKINNER. 
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To c~ll Wh011u it l1u.c~y concern: points of the same, preferably at a consider-
Be itlmown that I, NIKOLA TESLA, a cit,izen able distance from each other, the two tel'-

of the United States, residing at New York minals of a generator and to energize by a 55 
city, in the county and State of New York, pm't of the current diffused through the earth 

5 have invented a liew and nseful Improvement ad istant circnit" which is similarly a\'l'anged 
in Methods of Utilizing Effects Transmit-I and grounded at two points widely.apart and 
ted from a Distance to a Receiving Device which is made to act upon a sensit.ive receiver. 
Through the Natural Media, of which the fol- I These various methods have their limitations, 60 
lowing is·a specificatioI;l, reference being had one especially, which is common to all, being 

10 to the accompanying drawings, which form It I that the receiving circuit or instrument must 
part of the same. be maintained ill a definite position with re-

'rhe subject of my present invention is all spect to the transmitting apparatus, which 
improvement in the art of utilizing effects often imposes great disadvantages npon the 65 
transmitted from a distance to a receiving de- use of the apparatns. 

[5 vice through the natural media; and it con- In se\'el'al applications filed by me and pat-
sists in a novel method hereinafter described. ents gl'lmtetl to l11e I haye disclosed other 

,Nly invention is particularly useful in C011- methods of accomplishing results of this na
nection with methods and appnratus for op- ture which may be briefly described as fol- 70 

erating distant receiving devices by means of lows: III one system the potentia'! of a point-
20 electric'al disturbances produced by proper or region of the earth is varied by imparting' 

transmitters and conveyed to such receiving to it intermittent 01' alternating eleckifica
devices through the natnral media; but it tions throngh one of the terminals of a suit
obviously has a wider range of applicability able SOll1'ce of electrical c1isturbanees, which 75 
and may be employec1, for example, in the in- to heighten the effect has its other terminal 

25 vestigation or utilization of terrestrial, solar, connected to an insulated body, preferably 
or other disturbances produced by nat-uml of large surface and at an elevation. The 
canses. electrifications communicated to the earth 

Seyeml ways or methods of transmitting spread in all directions through the same, 80 
electrical disturbances through the natural reaching a distant circuit, which generally 

30 media and utilizing them to operate distant has its terminals arranged and connected 
receiYers are now known and have been ap-' similarly to those of the tramnnitting sonrce 
plied with more Or less success for aCCOl1l- and operates upon a highly-sensitive receiver. 
plishing a variety of nseful results. One of Another method is based upon the fact that 85 
these ways consists in producing by a sl1it- the atmospheric air, which behaves as an ex-

35 able apparatus rays or radiations-that is, dis- cellent insulator to cu rrents generated by 01'

tUl'bances-which are propagated in straight dinal'y apparatus, becomes a eonduetol' un
lines through space, directing them upon a reo del' the influence of currents or impulses of 
reivingor recording apparatns at a distance, I enol'monsly high electromotive force which I go 
and thereby bringing the latter into action. have devised Illeans for genemting. By snch 

40 This method is the oldest and best known means air strata, which are easily accessible, 
and has been brought particularly into pl'omi- are rendered available for the production of 
nence in recent years through the investiga- many desired effects at distances however 
tions of Heinrich Hertz. Anothm' method great. This method, fUl'thermore, allowed 95 
consists in passing a current through it cir- advantage to be taken of many of t.hose im-

45 cnit, preferably one inclosing a vel'Y large provements which are practicable in the ordi
area, inducing thereby in a similar eircuit I nary systems of transmission involving the 
situated at a distance another current and use of a metallic condnctor. 
affecting by the same in any cOllvenient way Obviously whatever methoLl be employed [00 

a receiving device. Still anot,her way, which it is desirable that the distn rbances produced 
50 has also been known for many years, is to pass by the transmitting apparatns should be as 

in any suitable manner a current through a powerful as possible, ancl by the use of cer
portion of the grouncl, as by connecting totwo tain forms of high-frequency apparatus which 
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I have devised and which are now well known 
important pmctical advantages are in this 
respectseenred. Fnrthermore,sincein most 
cases the amonnt of energy conveyed t,o the 

5 distitnt circuit is but a min ute fraction of the 
total energy emanating from the source it is 
necessary for the attainment of the best re
snIts that whatever the character of the re
ceiver and the nature of the disturbances as 

10 much as possible of the energy conveyed 
shotlIc1 be made available for the operation 
of the receiver, and with this object in view 
I have heretofore, among other means; em
ployed a receiving-circuit of high self-induc-

15 tion andvery small resistance and of a period 
such as to vibl'ate in synchronism with the 
disturbances, whereby a number of separate 
impulses from the source were made to co
operate, thus magnifying the effect exerted 

20 upon and insl1I'ing the action of the l'eceiving 
device. By these means deciued ad van tages 
have been secureu in many instances; uut 
very often the improvement is either not ap
plicable at all, or if so the gain is vel'y sligh t. 

25 Eviuently when t he source is one prod tlcing 
a continuous presSllre or delivering impulses 
of long duration it is impracticable to magnify 
the effects in this manner, alld when, on the 
other hand, it is one flll'nish ing short i III pulses 

30 of extreme rapidity of soccession the advan
tage obtained in this way is insignificant., 
owing to the radiation and the unayoic1aule 
frictional waste in the receiving - circuit. 
These losses reduce greatly both the intensity 

3S and the number of the cooperative impulses, 
and since the initial intensity of each of these 
is necessarily limited only an insignificant 
amount of energy is thus made available for 
It single operation of the receiver. As this 

<;0 amount is consequently dependent 011 the en
ergy con veyed to the receiver by one sing-Ie 
impulse, it is evidently necessary to employ 
either a very large and costly and therefore 
objectionable transmitter 01' else to resor~ t.o 

45 the equally objectionable nse of a receiving 
device too delicate anu too easily deranged. 
Furthermore, the energy obtained throngh 
the cooperation of the impulses is in the f01'1n 
of extremely-rapid vibrations and becanse of 

50 this ullsuitable for the operation of ordinary 
recei vel'S, the more so as this form of energy 
imposes narrow restrictions in regard to the 
mode and time of its application to such ue
vices. To overcome these and other limita-

55 tions and disad van tages that ha ve heretofore 
existed in such systems of transmission of 
signals 01' intelligence and to render possiule 
an investigation of impulses 01' distul'bances 
propagated through the natural media from 

60 any kind of sonrce and their practical utili
zation fOl' any pUl'pose to which they are ap
plicable, I have devised a novel method, which 
I have described in a pending application 
tiled June 2-!, 18DfJ, Serial No. 721,790, and 

65 which, broadly stated, consists in effecting 
during any desired time interval a storage of 
energy derived from snch impnlses and uti!-

izing the potenti,tl energy so out,ained for op
erating' a receiving device. 

JHy present invention is intended fOl'the 70 
same general pUl'poses, and it comprises a 
modified method and apparatus by means of 
which similar results may be obtained. 

The chief feature whieh distingnishes my 
present from my former invention just re- 75 
ferred to is that the energy storeu is not, as 
in the former instance, obtained from the ell
el'gy of the disturbances or effects transmit
ted from a distance, bnt from all independent 
sonrce. " 80 

Expressed generally, my presen1, method 
consists ill chn,rging a storage device with en
ergy from an independent SOUl'ce controlling 
the charging of said device by the action of the 
effects or c1istlll'ba,nces transmitted through 85 
the natural media anu coinciUentally using 
the stored energy for OlWl'ating a receiving 
device. 

A groat val'iety of disturbances prodnced 
either by suitably-constructed transmitters 90 
or by natural callses are at present known to 
be propagated through the natural media, 
and there are also a variety of means or de
vices enabling enel'gy to be stored, and in 
vie\v of this I wish to say that I consider the 9$ 
ntilization of any sncll clisturbances anrl the 
employment of <iny of these meallS as within 
the scope of my present invention so long as 
the nse of the general method hel'einbefOl'e 
stated is involveu. lOO 

The best way of carrying ont my in venti on 
wllieh I at present know is to store electl'ical 
enel'g,y obtained from a suitable electrical 
generator in a condenser and to control t.he 
storage or the application of this enel'gy by l05 

meaDS of n sensitive dedce acted upon ur 
the eiIects or c1isturuancef', and t.herebycause 
the operation of the receiver. 

In the practical application of this method 
I usually proceed a.s follows: At a,ny poin t I 10 

where I desire to investig"ate or to utilize for 
any purpose effects or disturbances propa
gated through tbe na.tural media from any 
kind of source I provide a suitable generatOl' 
of elect.rieity-as, for example, a battery and II5 
a condenser-which I conllect to the poles of 
the generator in series with a sensitive de
vice capable of ueing modified in its electrical 
resistance 0[' other property by the action of 
the disturbances emitted from the source. l20 

'l'o the terminals of the condenser I connect 
tho receiver which is to ue operated in series 
with another device of suitable constrnction 
which performs the function of periodically 
discharging the condenser through the re- l25 

ceiver at and during such intervals of time 
as may be best sniU!ule for the plll'pose con-
tem plated. This latter device may merely 
consist of two stationary electrodes separa ted 
by a feeble dielectric layer of minute thick- l30 

ness, but suffIcient to gTeatly reduce or prac
tically interrnpt the current in the circuit 
under normal conditions, 01' it may comprise 
terminals one or more of which are movable 
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and actuated by any suitable force and are 
adapted to be brought into and out of con
tact with each other in anv convenient man
ner. The sensitive device maybeanyof the 

:; many devices of this kind which are known 
to he affected by the disturbances, impulses, 
or effects propagated through the media, and 
it maybeof such a character that normally
that is, when not acted upon-it entirely pre-

IO vents the passage of electricity from the gen
erator to the condenser, or it may be snch 
that it allows a gradual leaking through of 
the current and a charging of the condenser 
ata slow rate. In any case it will be seen 

15 that if the disturbances, of whatever nature 
they may be, cause an appreciable diminu
tion in the electrical resistance of the sensi
tive device the current from the battery will 
pass more readily in to the condenser, which 

20 will be charged at, a III ore rapid rate, and 
consequently each of its discharges throngh 
the receiver, periodically effected by the spe
cial device before referred to which performs 
this function, will be stronger than nor-

25 mally-that is, when the sensitive device iR 
not acted upon by the disturbances. Evi
dently, then, if the receiver be so adjusted 
that it does not respond to the comparatively 
feeble normal discharges of the condenser, if 

30 they should occm, but only to those stronger 
ones which take place upon the diminution 
of the resistance of the sensitive device, it 
will be operated only when this device is act
ed upon by the disturbances, thus making it 

35 possible to investigate and to utilize the lat
ter for any desired pnrpose. 

The general principle underlying my in
vention and the operation of the variolls 
devices used will be clearly understood by 

40 reference to the accompanying drawings, in 
which-- . 

Figure 1 is a diagram illustrating a typical 
arrangement of apparatus which may be used 
in carrying my 1110thod into practice, and 

45 Figs. 2,3,4, and 5 similar diagrams of modi
fied arrangements of apparatus for the same 
purpose. 

In Fig. 1, 0 is a condenser, to the terminals 
l' and '1" of which is connected a charging-

50 circuit including a battery B, a sensitive de
vice a, and a resistance T, all connected in 
series, as illustrated. The battery should be 
preferably of very constant electromotive 
force and of an intensity carefully determined 

55 to secnre the best results. 'file resistance 1" 
which may be a frictional or an inductive 
one, is not absolutely necessary; but it is of 
advantage to use it in order to facilitate acl
justment, and for this pnrpose it may be made 

60 variable in any convenient and preferably 
continuolls manner. Assnming that the dis
turbances which are to be in vestigftted or u til
ized for some practical end are rays identical 
with or resembling those of ordinary light, 

65 the sensitive device a may be a seleniulll cell 
properly prepared, so as to be highly suscep
tible to the influence of the rays, the action 

of which should be in tensified by the use of 
a reflector A, shown in the drawings. It is 
well known that when cells of this kind are 70 
exposed to snch rays of greatly-varying in
tensit,y they undergo cOITesponding modifica
tions of their eleetrical resistance; but in the 
ways they have been heretofore used they 
have been of very limited utility. In adc1i- 75 
tion to the circuit including the :,;ensitive de
vice or cell a another circuit is provided, 
which is likewise connected to the terminals 
'1' T' of the eondenser. This circuit, which 
may be called the "reeeidng-circnit," in- 80 
cludes the receiver R and in series with it a de-
vice eZ, before referred to, which performs the 
duty of periodically discharging the con
denser through the receiver. It will be noted 
that, as shown in Fig. 1, the receiving-circuit 85 
is in permanent connection with the battery 
and condenser terminal '1', and it should be 
stated that it is sometimes desirable to en
tirely insulate the receiving-circuit at all 
times except the moments when the device 90 
d operates to discharge the condenser, thus 
preventing any disturbing infiuence which 
might, otherwise be caused in this circuit by 
the battery or the condenser during the pe-
riod when the receiver should not be acted 95 
upon. In such a case two devices, as el, may 
be used-one in each connection from the 
condenser to the receiving-circuit-or else one 
single device of this kind, bllt of a suitably
modified construction, so that it will make IOO 

and break simultaneously and at properin
tervals of time both of the connections of 
this circuit with the condenser T and T'. 

From the foregoing the operation of the ap
paratus as illustrated in Fig. 1 will be at I05 

once understood. Normally-that iR, when 
it is not influenced by the rays at all or very 
slightly--the cell a being of a comparatively 
high resistance permits only a relatively fee-
ble current to pass from the battery into the Ira 
condenser, and hence the latter is charged at 
too slow H rate to accumulate during the time 
1nterval between two sncceeding operations 
of the device cl su fficien t energy to operate 
the receiver or, generally speaking, to pro- I I5 

duce the required change in the recei ving-cir
cuit. This condition is readily secured by a 
proper selection and adjustment of the vari-
ous devices described, so that the receiver 
will remain unresponsive to the feeble dis- I20 

charges of the condenser which may take 
place when the cell a is acted upon but slightly 
or not at all by the rays or disturbances; bn t 
if now new rays are permitted to fall upon 
the cell or if the intensity of those already I 25 
acting upon it be increased by any cause then 
its resistance ,vill be diminished and the con
denser will be charged by the battery a1i a 
more rapid rate, enabling sufficient potential 
energy to be stored in the condenser during 130 
the period of inaction of the device c? to op
erate the rece1\'e1' or to bring about any de
sired change in tho receiving-circuit when the 
device d acts. If the rays acting 11 pOll the 
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cell or sensitive device Ci are varied or inter
mitted in any arbitrary manner, as when 
transmitting intelligence in the usual way 
from a distant station by means of short and 

5 long signals, the apparatus may reac1ily be 
mac1e to recorc1 or to enable an operator to 
read the message, since the receive I', sup
posing it to be an ordinary magnetic relay, 
for example, will be operated by each signal 

10 from the sending-stat,ion a certain number of 
times having some relation to the duration 
of each signal. It will be readily seen, how
ever, that if the rays are varied in any other 
way, as by impressing upon them changes 

I5 in intensity, the succeeding condenser dis
chargCi;l will undergo corresponding changes 
in intensity, which may be indicated or re
corded by a suitable receiver and distin
guished irrespectively of duration. 

20 With reference to Fig. 1, it may be useful 
to state that the electrical connections of the 
various devices illustratec1 may be made in 
many different ways. For instance, the sen
sitive device instead. of being in series, as 

25 shown, may be in a shunt to the condenser, 
this modification being illustrated in Fig. 3, 
in which the devices already described are 
indicated by similar letters to correspond with 
those of Fig. 1. In this case it WIll be 01)-

30 served that the condenser which is being 
charged from the battery B through the resist
ance 1', preferably inducti ve and properly re
lated to the capacity of the condenser, will 
store less energy when the sensitive device Ci 

35 is energized by the rays and its resist ance 
thereby diminished. The adjustment of the 
various instruments may then be such that 
the receiver will be operated only when the 
rays are diminished in intensity or intel'l'npt-

40 ed and entiI'ely prevented from falling upon 
the sensitive cell, or the sensitive device may 
be placed, as shown in Fig. 4, in a shunt to 
the resistance l' or inserted in any suitable 
way in the circuit containing the receiver--

45 for example, as illustrated in Fig. 5-in both 
of which figures the various devices are let
tered to correspond with those in Fig. 1, so that 
the fignres become self-explanatory. Again, 
the several instruments may be connected in 

50 the manner of a 'Wheatstone bridge, as will be 
hereinafter explained with reference to Fig. 2, 
01' otherwise connected orrelatec1; bu t in each 
case the sensitive device will have the same 
duty to perform-that is, to control the en-

S5 ergy stored and utilized in some suitable way 
for cansing the operation of the receiver in 
correspondence with the intermittences or 
variations of the effects or disturbances, and 
in each instance by a jndicions selection of 

Co the devices and careful adjustment the ad
vantages of my method may be more or less 
completely secured. I find it preferable, how
ever, to follow the plan which I have illus
trated and described. 

6 S It will be observed that the condenser is an 
important element in the combination. Ihave 
shown that by reason of its unique properties 

it greatly adds to the efficacy of this methoc1. 
It allows the energy accumulated in it to bo 
discharged instantaneously, and therefore in 70 
a highly-effective manner. It magnifies in a. 
large degree the current supplied fl'Om the 
battel'y,and owing to these features it permits 
energy to be stored and discharged at prac
tically any rate desired, and thereby makes 7S 
it possible to obtain in the receiving-circuit 
very great changes of the cUl'l'ent strength by 
impressing upon the battery- cnrrent very 
snu1,ll variations. Other means of storage 
possessing these characteristics to a useful 80 
degree may be employed without departing 
froUl the broad spirit of my invention; but I 
prefer to use a condenser, since in these re
spects it excels any othel' storage device of 
which I have knowledge. 8-J 

In Fig. 2 a modified al'l'allgement of ap
paratus is illustrated which is particularly 
adapted for the investigatiollal1c1 utilization 
of very feeble im pulses or disturbances, such 
as lllay be used in con veying signals or pro- 90 
ducing other desired effects at, very great dis
tances. In this case the energy stored in the 
condenser is passed through the primary of a 
transformer the secondary circuit of which 
contains the receiver, and ill order to render 95 
the apparatus stillmore suitable for use ill 
detecting feeble impulses in alldition to the 
sensitive device which is acted n pon by the 
impulses another such device is included ill 
the secondary circ ui t of the transformer. The 
scheme of connections is in the main th~tt of 

roo 

a 'Wheatstone bridge the foul' branches of 
which are formed by the sensitive device Ci 

and resistances L, L', and L", all of which 
should be·vreferably inductive and also ad
justable in a continuoLls nU1nner or at least 
by very small steps. The condenserC', '''hich 
is generally made of considerable capacity, 
is connected to two opposite points of tho 
bridge, while it battery TI, in series with a 
contin nously-adjnstable non-inducti ve resist
ance 1", is connect ell to the other pair of op
posite points, as usual. The four resistances 
included in the branches of the briclge
namely, cu, L, L', and I/'-are of a suitable 
size and so pl'oportioned that under normal 
conditions-that is, when the device Ci is not 
infiuenced at all or only slightly by the dis
turbances-there will be no difference of po
tential or in any case the minimum of the samo 
at the terminals l' and T' of the condenser. 
It is assumed in the present instance that tho 
disturbances to be in vestigated or u tiliLled are 
such as will prod uce a difference of electric po
tential, however small, between two points or 
regions in the natural media-as the earth, 
the water, or the air-and in order to apply 
this potential difference effectively to the sell
sitive device Ci the terminals of the same are 
connected to two plcLtes P and P', which should 
be of as large a surface as practicable and so 
located in the media that the largest possible 
difference of potential will be pl'oc1nccll by 
the disturbances between the terminals of 

IOS 
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120 
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the sensitive device. This device is in the I and finally a sensitive device u' of the sawe 
present case one of familial' construction, or similar construction as u, which is likewise 
consisting of an insulating-tube, which is in- rotated at a uniform speed aml which with its 70 
c1icated by the heavy lines in the drawings and bl'Ushes 7/' 7/' closes the secondary circnit,. 

5 which has its ends closed tightly by two con- The electrotlloti ve force of the battery H' is 
ducting-plugs with reduced extensions, upon so graduated by means of the adjustable re
which bear two brushes b b, through which sistance 1,11 t1Hlt the dielectric layers in the 
the currents are conveyed to the device. The 'sensitive device a' are strained very nearly 75 
tubular space between the plugs is partially to the point of hrenking down and give way 

to ~ll~d with a conducting sensitive powder, as upon a slight increase of the electrical pres
mdICated, the proper amount of the same SUl"e on the terminals of the device. It will 
and the size of its grains being determined of C011rse be understood that the resistance 
and adjusted beforehand by experiment. 1''' is used mainly because of convenience anc1 80 
'1'his tnbe I rotate by clockwork or other that it may be c1ispensed with, in which case 

IS means at a uniform and suitable rate of the adjustment may be efIectec1 in many other 
speec1, anc1 under these conc1itions I finc1 that ways, as by determining the proper amount 
this c1evice behaves toward disturbances of or coarseness of the sensit.ive powder or by 
the kind before assumed in a manner simi- varying the c1istance apart of the metallic 85 
lar to that of a stationary cell of celenium to- plugs in the ends of the tube. The same may 

20 warc1 rays of light. Its electrical resistance I be said of the resistance 1", which is in series 
is c1iminished when it is actec1 upon by the \ with the battery Band selTes to graduate t.ho 
c1isturbances anc1 is automatically restorec1 force of the latter, so that the c1ielectric lay
upon the cessation of their influence. It is ers of the sensitive device a are subjected to 90 
of ac1vantage to employ round grains of pow- a similar strain and maintainec1 in a state of 

25 c1er in the tube, anc1 in any event it is im- delicate poise. The varions instruments be
portant that they should be of as uniform ing connected and adjusted in the manner de
size anc1 shape as possible anc1 that. provision scribec1, it will now be readily seen from the 
Rhonlc1 be mac1e for maintaining an unchang- foregoing that unc1er nOl'lnal conc1itions, tho 95 
ing and very dry atmosphere in the tube. To device a being unaffectec1 by the c1isturb-

30 the terminals '1' anc1 T' of the condenser 0' is ances, or practically so, anc1 there being no 
connectec1 a coil p, usually consisting of a 01' only Ii nlryinsignificantamountof energy 
few turns of a conc1uctor of very small resist- stored in tho condenser, the perioctical closUl'e 
ance, which is the primary of the transformer of the primary circuit of the transformer leo 
before referrec1 to, in series with a c1evice cl, I through the operation of the device cl will 

35 which effects the c1ischarge of the condenser have no appreciable effect upon the primary 
through the coil p at predeterminec1 inter- coil p, and hence no currents will be geneI'
vals of time. In the present case this c1evice ated in t,he secondary coil s, at least not such 
consists of a cylinc1er made partly of con- as would distlll'b the state of delicate balance 105 
ducting and partly· of insulating material e existing in the secondary circuit including 

40 and e', respectively, which is rotated at the the recei vel', and therefore the latter will not 
c1esirec1 rate of speed by any suitable means. be actuated by 1 he battery B'; bnt when, 
The cond ucting part e is in gooc1 electrical owing to the disturbances or impulses propa
connection with shaft S and is providec1 with gatec1 through the media from a distant 110 

tapering segments, as j, upon which slides a source,an additional electromotive force, how-
4S brush k, which shoulc1 pl'eferably be capable ever small, is created between the terminals 

of longitudinal adjustment along the cylin- of the c1evice a the dielectric layers in the 
del'. Another brush b', which is connected same, unaole to support the increased strain, 
to the conc1enser-terminal T', being arranged give way aUll allow the current of the battery r 15 
to bear upon the shaft S, it will be seen that B to pass through, thlls causing a difference 

50 whenever the brush k comes in contact, with of potontial at the terminals T and T' of the 
a conducting-segmentj the circnit incluc1ing condenser. A sufficient amount of energy 
the primary p will be completed anc1 the con- heing now stored in this ihstrnment during 
c1enser, if energized, c1ischargec1 through the the time in terval between each two succeec1- 120 

same. By an ac1justment of the speec1 of 1'0- ing operations of the c1evice cZ, each closure 
55 tation of the cylinder anc1 a c1isplacement of of the primary circuit by the latter results in 

the brush k along the axis of the same the cir- the passage of a suc1den current impulse 
cuit may be made to open and close in as rapid through the coil p, which inc1 uces a corre
succession anc1 remain open or closed c1urjng sponding current of relatively high electromo- 125 

such intervals of time as maybe c1esired. tive force in the secondary coil s. Owing to 
60 In inc1uctive relation to the primary p is a this the c1ielectric in the c1evice a' gives way, 

seconc1a. ry coil s, usually of much thinner wire I and the Cl;rrent o~ the ba~ter.Y B' being allowed 
and of many more turns than the former, to to pass tne recelver R IS opel'atecl, but only 
which are connectec1 in a series a l'ecei vel' R, for it moment, since by the rotation of the c1e- 130 

(illustratec1 as an orc1inary magnetic relay,) vices Ct" a', and cZ, which may be all (hiven 
65 a continuously-adjustable non-inductive re- from the same shaft, the original conditions 

sistance 1,/1, a battery B' of it properly deter- are restored, assuming, of course, that the 
mined anc1 very constant electromotive force, electromotive force set up by thec1istl1rbances 
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at t.he terminals of the sensiti\'o dovice a is from adistantsonrce, which consists in charg
only momentary or of a dllmt.ion not longer ing the storage device with electrical enorgy 
than t.he time of closure of the primary cil'- [l'om an independent source, controlling tho 70 

cuit; othenyise the reCeiYel' will be actuated clutl'gillg of sai<l devico by the action of tho of-
5 a number of times and so iong as the inflll- feclf:; 01' disturbances, and coincidontly using' 

ence of the distl1l'lmnces upon the device a the stored electrical enorgy for operaliing 1,he 
continues. In ordel' to l'en(ler1,he discharged receiving device. 
energy of the condenser more offective in 3. The method hereinbefore described of 75 
cansing the opemt ion of the recoi vel', the re' II tilizing effects or disturbances transmi tied 

10 sistanco of the primary circnitshonld be very throuf!h the nfltl1ral media, which consists in 
small and the seeondary coil s should have a controlling, by means of snch effects or dis
llumberoftllrnsmanytimesgreaterthall that tnrhances, tho charging of an electrical stor-
(If the primary coil p. It will be noted that age device from an independent SOl1rce and 8e 
since the condenser l1nder the above aSSllll1p- discharging the stored enenry throngh a re-

15 tions is always charged iLl the same direction ceiving-cil'cuit .. 
the strongest clll'rent impnlse in the second- 4. Tille method hereinbefore desCl'ibell of 
ary eoil, which is induced nt, the moment utilizing effects or c1istlll'bances tmnsmittecl 
when the brnsh k comes in contact with seg- through the nntmal media, \vhich consists in 85 
lllentf, is also of unchanging direction, and controlling, by means of snch effocts 01' dis-

20 for the attainment of the best results it is t.nrbances, the charging of an electrical COll
necessary to connect the secondary coil so (lenser from an independent source, anl1l1is, 
that the electl'omoti\'o force of this impulse charging tho f,tol'ed energy throngh a recehT-
will be mhle<l to that of the battCl'Y and will ing'-circuit. 90 

momentarilystrengt,hen thesilme. 'Uowe\'er, 5. The methcc1 horeinbefore describOll of 
25 undor cni'tain conditions, which aro well11n- utilizing effects 01' disturbances transmitted 

(le1'stoo<l by those skilled in tho art., the de- through tho ll:l.turalme(1ia, which consists in 
yices will operate whiehever way the second- effecting a storage (luring allY dosil'e(l timo 
Itl'y lJe connecte(l. It, i:-< !1refer;thle to make interval and uncleI' control of such ofl'ects 01' 95 
tho inductive l'esistanees Land L' relatively disturbances, of energy derived from an in, 

30 large, as they am in It shullt to the dedce Cl dependent source, an<1ntili~ing the potential 
and might if made 100 small impair its sel1- energy so obt:tinec1 for operating a receiving 
liitiveness. On theothel'hand, the resistance device. 
L" ShOllld not be too lal'ge and should be re- G. The methocl het'einbefore doscribo(l of 
lated to the capacity of the condenser and lltilizing effects 01' disturbances transmittc(l 

35 the n II m bel' of makes and breaks effected by th rough the nat mal media, \\'h ich consists ill 
lhe deyice d in well-known \nt,Ys. Similal' effecting a storage, during any desirod timo 
ponsiclemlionsapply, of course, to the circuits interval and nnder the control of snch dis
including the p:'illlary ZJ an(1 seconchry 8, re- turbances 01' eff'octs of electt'icnl energv de
specth-ely. rived hom an independent source, antl"lltfI-

40 By careflllly obsel'dng \Yell-known rules of izing the potential energy so obtaine(l for 
scientific design and adjustment of the ill- opemting a receiving device. 
struments the apparatns may be made ex- 7. The method ho-reinbefol'e described of 
tremely sensit.ive and capable of responding utilizing effects 01' disturbances transmitted 
to the feeblest in fluences, th n5 making it pos- t hrongh the natl1l'al media, which consists in 

45 sible to utilize im pulses or dbtmbances trans- effecting a storage in a condenser d llring any 
mitted from very great distances and too fee- I desired time interval and undor 'Gl1G cont.rol 
ble to be detected 01' utilized in any of the of sueh disturbances or effects, of electric:tl 
ways heretofore known, and on this acconnt, energy derived from an independent source, 
the method here described lends itself to and utilizing tho potential en orgy so obtainecl 

50 many scientific and practieal uses of great for operating a receiving device. 

55 

value. Obvionsly the character of the de- 8. The method hereinbefore described of 
vices and the manner in which they are con- ntilizing effects or disturbances transmitted 
nected 01' related may be greatly varietl With-I through the natural media from a distant 
ont departing from the spirit of m,rinvention. source, whieh consists in storing, during SllC

'What I claim as new, and desire to secure eeeding intervals of time determined by 
by Letters Patent, is- means of such effects or disturbances, elec-

1. The method hereinbefore described of tricaJ energy derived from an independent 
utilizing effects oJ.: disturbances transmitted source, and utilizing the potential enel'gy so 
through the natural media, whieh consists in accumulated to operate a receiving device. 

60 charging a storage device with energy from 0. Tho method horeinbefore described of 
an independent source, controlling the charg- utilizing effeets or disturbances transmitted 
ing of said device by the action of the effects through the natural media from a distant 
or disturbances, and coincidently using the source, which consists in storing in a con
stored energy for operating a receiving de- denser dnring succeeding intenTals of timo 

65 vice. determined by means of snch effects or dis-
2. The method hereinbefore described of tnrbances, electrical energy derived from an 

utilizing effects or disturbances transmitted independent somce, and utilizing the poton-

100 

110 
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tial energy so accumulated to operCtte a re
ceiving device. 

10. The method hereinbefore described of 
utilizing effects or distnrbances transmitted 

5 through the natural media from a distant 
sonrce,which consists in storing, dnringsuc
ceec1ing intervals of timedeterl1lincd by means 
of such effects or disturbances, electrical en
ergy derived from an inc1ependen t source, 

10 and using, for periods of time predetermined 
as to succession and duration, the accnmu
lated energy so obtained to operate a receiy
ing device. 

11. 'fhe method hereinuefore described of 
IS utilizing effects 01' disturbances transmitted 

through the natural media from a distant 
source, which consists in storing in a con
denser during Rucceeding intervals of time 
determined by means of snch effects or dis-

20 turbances, electrical energy derived from an 
independent source, and using, for periods of 
time predetermined as to succession and d u
ration, the accumulated energy so obtained to 

. operate a recei ving device. 
25 12. The method hereinbefore described of 

utilizing electrical effects or disturbances 
transmitted through the natural media from 
a distant source, which consists in effecting 
by means of such disturbances or effects a 

30 storage in a storage device of electrical en
ergy deri ved from an independent source for 
periods of time corresponding in succession 
nnd d nration to such d istnrbances or etIects, 
and discharging the electrical energy so ac-

35 cumulated into or through a receiving device 
at predetermined intervals of time. 

13. The method hereinbefore described of 
utilizing electrical effects or disturbances 
transmitted from a distant source, which C011-

,~o sists in effecting by means of such distlll'b
ances or effects a storage in a condenser of 
electrical energy derived from an independ
ent source for periods of time corresponding 
in succession and duration to such disturb-

4 j ances or effects, and discharging the elec
trical energy so accumulated into or through 
a receiving device at predetermined intervals 
of time: 

14. The method hereinbefore described of 
50 utilizing electrical effects or distl1l'bances 

transmitted from a distant source, which con
sists in producing, by means of such effects 
or distu rbances, variations of resistance in a 
circuit including an independent electrical 

55 source and a device adapted to be charged 
with electrical energy therefrom, thereby 
causing the storage device to be charged with 
energy from such independent source, and 
using the potential electrical energy so accu-

60 mulated to operate a receiving device. 
15. The method hereinbefore described of 

utilizing effects or disturbances transmitted 

through the natmal meuia from a distant 
source, which consists in prod ncing, by means 
of :,;uch effects or disturbances, variations of 65 
resistance in a circui t including an independ-
en t clectrical source and a condenser, thereby 
causing the condenser to be charged with en
ergy from the independent source, and nsing 
t,he potential electrical energy so accu mulated 70 

to operate a recoi ving device. 
lG. The method hereinbefore described of 

utilizing effects or disturbances trftnsmltted 
through the natural media from a distant 
source, which consistB in causing, by means 75 
of such effects or disturbances; electrical en
ergy from an independent source to be stored 
in a storage device, using the electrical en
ergy so aecumulated to operate a transformer 
and employing the secondary currents from 80 
snch trnnsformer to operate a receiving de
vice. 

1'1. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 85 
source, which consists in cansing, by means 
of such effects or disturbances, electrical en
ergy from an independent source to be stored 
in a condenser, using the electrical energy so 
accumulated to operate a transformer and 90 
employing the secondary curren ts from such 
transformer to operate a receiving device. 

18. The method hereinbefore described of 
utilizing effects or disturbances transmitte(l 
through the natural media from a dista,nt 95 
soul'ce, which consists in causing, by means 
of such distl1l'bances, varintions of resistance 
in a circuit including an independent source 
of electricity and a storage device and thereby 
causing the storage device to be charged from roo 
such independen t source, discharging the en
ergy so accumulated in the storage device 
throngh the primary of a transformer at pre
determined intervals of time, and operating 
a receiver by the currents so developed in 105 

the secondary of the transformer. 
19. The method hereinbefore described of 

utilizing effects or disturbances transmitted 
through the natural media from a dis tan t 
source, which consists in causing,by means lIO 

of such disturbances, variations of resistance 
in a cit'cuit including an independent source 
of electricity and a condenser and thereby 
causing the condenser to be charged from 
such independent source, discharging the en- I IS 

ergy so accumulated in the condenser through 
the primary of a transformer at predeter
mined intervals of time and operating [), re
ceiver by the currents so developed in the 
secondary of the transformer. 

NIKOLA TESLA. 
Witnesses: 

F. IiiwEKST'EIN, 
E. A. SUNDERLIN. 
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To all Wh071u it 71uay concern: '1 terminals of a generator and to energize by a 
Be it known thatI, NIKOLA TEsLA, acitizen I part of the currflnt diffused through the earth 

of the United States, residing at the borough a distant circuit, which is similarly arranged 
of Manhattan, in the city, county, and State and grounded at two points widely apart and 

5 of New York, have invent.edcertain new and which is made to act upon a sensitive re- 55 
llseful Improvements in Apparatus for TJtil- ceiver. These various methons have their 
izing Effects Transmitted from a Distance to limitations, one, especially, which is common 
a Recei ving Device Through t.he Natural Me- to all, being that the receiving circqit or in
dia, of which the following is a specification, strumellt mnst be maintained in a definite po-

lO reference being had to the accompanying Rition with respect to the transmitting appa- 60 

drawings, which form a part of the same. ratiIs, which often imposes great disadvan-
'rhis application is a division of an appli- tages upon the nse of the appa,ratus. 

cation filed by me June 24, 189H, Serial No. In several applications filed by me and pat-
721,790, in which a method of utilizing effects ents gl'anted to me I ha\-e disclosed other 

IS or disturbances transmitted through t.he nat- methods of accomplishing results of this na'- 65 
ural media from adistant source is described ture, which may be briefly described as fol
and made the subject of the claims. The in- lows: In one Sfstem the potential of a point 
vention of my present application consists in or region of the earth is varied by imparting 
the apparatus hereinafter described and to it intermittent or alternating electrifica-

20 claimed, by the use of which the method tions through one of the terminals of a suit- 70 
claimed in my said prior application may be I able source of electrical distUl'bances, which 
practiced and by means of which results hith- 'to heighten the effect has its other terminal 
erto unattainable may be secured_ connected to an insulated body, preferably 

Several ways or methods of transmitting of large surface and at an elevation. The 
25 electrical disturbances through the natural electrifications communicated to the earth 75 

media and utilizing them to operate distant spread in all directions through the same, 
receivers are now known and have been ap- reaching a distant circnit" which generally 
plied with more or less success for aCCOlll- has its terminals arranged and connected 
plishing a variet,y of useful results. One of similarly to those of the transmitting source, 

30 these ways consists in producing by a suit- and operates upon a highly-sensiti ve receiver. 80 
able apparatus rays or radiatious-that is, dis- Another method is based upon the fact that 
turbances-which are propagated in straight the atmospheric ail', which behaves as an ex
lines through space, directing them upon a cellent insulator to currents generated by 01'
recei vingor recording appara.tus ata distance, dinary apparatus, becomes a conductor Utl-

35 and thereuy bringing the latter into action. del' the influence of currents of impulses of 85 
This method is the oldest and best known, enorlllollsly high electromotive force which I 
and has been brought particularly into promi- have devised means for generating. By such 
nence in recent years throllgh the investiga- means air strata, which are easily accessible, 
tions of Heinrich Hertz. Another method are rendered available for the 'production of 

40 consists in passing a current through a cir- many desired effects at distances, however 90 
cnit, preferably one inclosing a very lal'ge great.. This method, furthermol'e, allows ad
area, inducing thereby in a similar cil'cuit, vantage to be taken of many of those improve
situated at a distance, another curl'ent and ments which are practicable in the ordinary 
affecting by the same in any convenient way systems of transmission involving the use of 

-15 a receiving device. SWl another way, which a metallic conductor. 95 
has also been known for many years,ls to pass Obviously whatever method be employed 
in any suitable manner a Clurent throngh a it is desirable that the disturbances produced 
portion of the ground, as by conneCtLlg to by the transmitting apparatus should be as 
two points of the same, preferably at a con- powerful as possible, and by the use of cer-

50 siderable distance from each other, the two taln forms of high-frequency appamtlls which 100 

, 
I 

", 
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I have devised and which are now well known circuit connected with the- storage device, a 
important practical advantages are in t.his receh'er included in such receiving-circuit, 
respect secured. Furthermore, since in most and means for closing the receiving-circnit 70 

cases the amount of energy conveyed to the at any desired moment, and thereby causing 
5 distant circuit is but a min ute fraction of the the receiver to be operated by the energy with 

total energy emanating from the source, it is which the stomge device has been charged. 
necessary for the attainment of the best re- 'fhe best form of apparatus for carrying 
suIts that whatever the character of the re- out my invention of which I am now aware 75 
ceh'er and the nature of the disturbances as and the manner of using the same will be un-

10 much as possible of the energy conveyed derstood from the following description an(l 
should be made available for the operation of the accompanying drawings, in which-
the receiver, and with this object in view I Figure 1 is a diagrammatic illustration of 
have heretofore, among other means, em- such apparatus, and Fig. 2 a modified form 80 
ployed a receiving-circuit ()f high self-indnc-! or arrangement of the same. 

rS tion and very small resistance and of a pe- At any two points in the transmitting me-
l'iod such as to vibrate in synchronism with diulll between which there exists 01' may be 
the disturbances, whereby a number of sepa- obtained in any manner through the aCltion 
rate impulses from the source were made to of the disturbances or effects to be investi- 85 
cooperate, thus magnifying the effect exerted gated or utilized a difference of electrical po-

20 upon and insuring the action of the recei ving tential of any magnitude I arrange two plates 
device. By these means decided ad vantages or electrodes so that thE'Y may be oppositely 
have been secured in many instances; but charged through the agency of such effects 
very often the improvement is either not ap- or disturbances, and I connect these elec- 90 
plicable at all or if so the gain is very slight .. trodes to the terminals of a highly-insulated 

25 Evidently when the source is one producing condenser, generally of considerable capacity. 
a continuons pressure or delhTering impulses To the condenser-terminals I also connect the 
of long duration it is impracticable to ll)ag- receiver to be operated in series with a de
nUy the effects in this manner, and when, vice of suitable construction which performs 95 
on the other hand, it is one furnishing short the function of periodically discharging the 

30 impulses of extreme rapidity of snccession condenser through the receiver at and during 
the advantage obtained in this way is insig- such intervals of time as may be best suitable 
nificant, owing to the radiation and the Ull- for the pni'pose contemplated. This device 
avoidable frictional waste in the receiving- may merely consist of two stational'y elec- 100 

circuit. These losses reduce greatly both the trodes separated by a feeble dielectric layer 
35 intensity and the number of the cooperative of minute thickness, or it may comprise tel·

impulses, and since the initial intensity of milials one or more of which are movable and 
each of these is necessarily limited only an actuated by any suitable force and are adapt
insignificant amonnt of energy is thus made ed to be brought into and ont of contact with 105 

available for a single operat,ion of the re- each other in any convenient manner. It will 
40 ceivel'. As this amou ntis consequently c1e- now be readily seen that if the disturbances, of 

pendent on the energy conveyed to the re- whatever nature t.hey may be, cause definite 
ceiver by one single impulse, it is eYidently . amounts of electricity of the same sign to he 
necessary to employ either a very large and conveyed to each of the plates or electrodes 1I0 

costly, and therefore objectionable trans- above mentioned either continuously or at 
45 mittel', or else resort to the equallYobjection- intervals of time which are sufficiently long 

able use of a receiving device too delicate the condenser will be charged to a certain po
and too easily deranged. Furthermore, the tential and an adequate amount of energy 
energy obtained through the cooperation of being thus stored during the time determined 115 

the impulses is in the form of extl·emely-rapid by the device effecting the discharge of the 
50 vibrations and because of this unsuitable condenser the receiver will be periodically 

for the operation of ordinary receivers, the operated by the-electrical enel'gy so accnmn
more so as this form of energy imposes nar- lated; but vel'y often the character of the 
row restrictions in regard to the mode and impulses and the conditions of their use are 120 

time of its application to such devices. To such that without further proYision not 
55 overcome t,hese and other limitations and dis- euough potential energy would be accumu

advantages which have heretofore existed in lated in the condenser to operate the receiv
such systems of transmission of signals or in- ing device. This is the case when, for ex
telligence is the object of my invention, which ample, each of the phtes Ot' terminals re- 125 
comprises a novel form of apparatus for ac- ceives electricity of rapidly-changing sign or 

60 complishing these results. even when each receives electricity of the 
The apparatus which is emplo»ed at the re- j same sign, but only during' periods which are 

ceiving-station, described in general terms, short as compared with the intervals sepa
consists in the com bination of a storage de- rating them. In such instances I resort to 130 

vice included in a circuit connecting points at the use of a special device which I insert in 
G 3 a distance from the source of the c1istu rbances the circuit between the plates and the COll

and between which a difference of potential denser for the purpose of conveying to each 
is created by sneh disturbances, a receiving- I of the terminals of the latter elect.rical charges 
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of the propel' quality and order of succes-I duriilg such intervals of time as may be de
sion to enable the required amount of poten- sired. The plates P and P' through which t·he 
tial energy to be stored in the condenser. I electrifications are conveyed to the brushes 70 

There are a numbel'of well-known devices, a and a'may be at a considerable distance 
5 either without any moving parts or terminals from each other and both in the ground or 

or with elements reciprocated or rotated by both in the ail' or one in the ground and the 
the application of a suitable force, which offer other in the air, preferably at some height, 
a more ready passage to impulses of one sign or they may bfl connected to conductors ex- 75 
or direction than to those of the other or per- tending to some distance or to the terminals 

10 mit only impulses of one kind or order of suc- or any kind of apparatus supplying electrical 
cession to traverse a path, and any of these energy which is obtained from the energy of 
or similar devices capable of fulfilling the re- the impulses 01' distUt'bances transmitted 
quirements may be used in carrying my in- from a distance through the natural media. 80 
vention into practice. One such device of In illustration of the operation of the de-

15 familiar construction which will serve to con- vices described let it be assumed that alter
veya clear understanding of this part of my nating electrical impulses fl'om a distan t gen
invention and enable a person skilled in the erator, as G, are transmitted through the 
art to apply the same is illustrated in the earth and that it is desired to utilize these 85 
annexed drawings. It consists of a cylinder impulses in accordance with my method. 

20 A, of insulating material, which is moved at This may be the case, for example, when 
a uniform rate of speed by clockwork or other such a generator is used for purposes of sig
suit.able motive power and is provided with naling in one of the ways before enumerated, 
two metal rings B B', upon which bear brushes as by having its terminals connected at two 90 
a and a', which are connected, respectively, points of the earth distant from each other. 

25 in the manner shown to the terminal plates In this case the plates P and P' are firstcon
P and P', above referred to. From the rings nected to two properly - selected points of 
B B' extend narrow metallic segments s and the earth, the speed of rotation of the cyl-
s', which by the rotation of the cylinder A inder A is varied nntil it is made to turn in 95 
are broughtalternatelyintocontactwithdou- synchronism with the alternate impulses of 

30 ble brushes band b', carried by and in con- the generator, and, finally, the position of the 
tact with conducting-holders hand h', which brushes band b' is adjusted by angular dis-
are adjustable longitudinally in the metallic [ placement., as usual, or in other ways, so that 
supports D and D', as shown. The latter are they are in contact with the segments sand s' 10:) 

connected to the terminals T and T' of a con- during the periods when the impulses are 
35 denser C, and it should be understood that at or neal' the maximum of their intensity. 

they are capable of angular displacement as Only ordinary electrical skill and knowl
ordinary brush-supports. 'l'!1e object of using edge are required to make these adjustments, 
two brushes, as band b' ,in each of the holders and a n umber of devices for effecting syn- 105 

hand h' is to vary at will the duration of the chronous movement being well known and it 
40 electric contact of the plates P and P' with the being the chief object of my present applica

terminals T and T', to which is connected tion to set forth a noyel apparatus embodying 
a receiving-circuit, including a receiver R a general principle a detailed description of 
and a deyice d of the kind above referred to, such devices is not considered necessary. I 110 

which performs the duty of closing the re- may state, however, that for practical pur-
45 ceiving-circuit at predetermined intervals of poses ill the present case it is only necessary 

time and discharging the stored energy to shift the brushes back and forth until the 
through the receiver. In the present case maximum effect is secmed. The above re-
this device consists of a cylinder made partly qnirements being fulfilled, electrical charges 115 

of conducting and partly of insulating mate- of the same sign will be conveyed to each of 
50 rial e and e', respectively, which is rotated the condenser-terminals as the cylinder A is 

at the desired rate of speed by any suitable rotated, and with each fresh impulse the COIl
means. The conducting part e is in good denser will be charged to a higher potential. 
electrical connection with the shaft S and is The speed of rotation of the cylinder d being 120 

provided with tapering segments j j, upon adjustable at will, the energy of any number 
55 which slides a brush k, supported on a con- of separate impulses may thus be accumu

dllcting-rod l, capable of longitudinal adjust- lated in potentialform and discharged through 
ment in a metallic support ?no Another the receiver R npon the brush k coming in 
brush n is arranged tobear upon the shaft S, contact with one of the segments f. It ,vill 125 
and it will be seen that whenever one of the be of course understood that the capacity of 

60 segments j COllles in contact with the brush I the condenser shonld be such as to allow the 
k the circuit including the receiver R is com- I storing of a much gl'eater amount of energy 
pleted and the condenser discharged through than is req nired for the ordinary operation 
the same. By an adjustment of the speed of the receiver. Since by this method a rela- 130 
of rotation of the cylinder d and a displace- thTely gl'eat amount of energy and in a suit-

65 ment of the brash k along tIte cylinder the able form may be made available for the op
circuit may be made to open aud close in as eration of a receiver, the latter need not be 
rapid sllccession and remain open or closed very sensitive; but of course when the iIll-
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pulses ai'e very feebie, as· when coming from a a device such as I have already referred to 
great distance or when it is desired to operate which offers a more ready passage to impulses 
a receiver very rapidly, then any of the well- of one sign or permits only impulses of the 70 
known devices capable of responding to very same sign to pass may also be used to perform 

5 feeble influences may be used in this connec- this selective function in many cases when 
tion. alternating impulses are recei ved. When the 

If instead of the alternating impulses short impulses are long and all of the same direc
impulses of the same direction are conveyed tion, and even when they are alternating but 75 
to the plates P and P', the apparatus de- sufficiently long in duration and sustained in 

10 scribed may still readily be used, and for electromotive force, the brushes band b' may 
this purpose it is merely necessary to shift be adjusted so as to bear on the parts B B' of 
the brushes band b' into the position indi- the cylinder A, or the cylinder and its brushes 
cated by the dotted lines, while maintaining may be omitted and the terminals of the con- 80 
the same conditions in regard to synchronism denser connected directly to the plates P 

IS as before, so that the succeeding impulses and P'. 
will be permitted to pass into the condenser, It will be seen that by the use of my in ven
but prevented from returning to the ground I tioll results hitherto unattainable in utilizing 
or transmitting medium during the intervals disturbances or effects transmitted through 85 
between them, owing to the interruption dur- natural media may be readily attained, since 

20 ing such intervals of the connections leading I howeyer great the distance of such transmis
from the condenser-terminals to the plates. I sion and howeverfeeble or attenuated the im

Another way of using the apparatus with pulses received enough energy may be accu
impulses of the same direction is to take off mulated from them by storing up the energy 90 
one pair of brushes, as b, disconnect the plate of succeeding impulses for a sufficient inter-

25 P from brush (t and join it directly to the val of time to render the sudden liberation 
terminal T of the condenser, and to connect of it highly effective in operating a receiver. 
brush (t with brush (t'. vVhen thus modified, In this way receivers of a variety of forms 
the apparatus· appears as shown in Fig. 2. may be made to respond effectively to im- 95 
Operated in this manner and assuming the pulses too feeble to be detected or to be made 

30 speed of rotation of cylinder A to be the same, to produce any sensible effect in any other 
the apparatus will now be evidently adapted way of which I am aware~a result of great 
for a number of impulses per unit of time value in scientific reseal'ch as well as in vari-
twice as great as in the preceding case. In ous applications to practical use. 100 

all cases it is evidently important to adjust What I claim as my invention, and desil'e 
3.5 the duration of contact of segments sand s' to secure by Letters Patent, is~ 

with brushes b b' in the manner indicated. 1. Iu an apparatus for utilizing electrical 
vVhen the apparatus I have described is effects or disturbances transmitted through 

used in connection with the transmission of the natural media, the combination with a 105 

signals or intelligence, it will of course be source of such effects or disturbances of a 
40 understood that the transmitter is operated charging-circuit adapted to be energized by 

in such a way as to produce disturbances or the action of such effects or disturbances, a 
effects which are varied or intermitted in . storage device included in the charging-cir
some arbitrary manner-for example, to pro- cuit and adapted to be charged thereby, a re- 110 

duce longer and shorter successions of im- ceiver, and means for causing the receiver to 
45 pulses, corresponding to the dashes and dots be operated by the energy accum ulated in the 

of the Morse alphabet-and the receiving de- storage device at arbitrary intervals of time, 
vice will respond to and indicate t,hese varia- substantially as described. 
tions or intermittences, since the storage de- 2. Iu an apparatus for utilizing electrical 115 

vice will be charged and discharged a number effects or disturbances transmitted through 
50 of times corresponding to the duration of the the natural media, the combination with it 

successions of impulses receiveu. source of such effects or disturbances of a 
Obviously the special appliances used in charging-circuit adapted to be energized by 

carrying out my invention may be varied in the action of such effects or disturbances, a 120 

many ways withou t departing from the spirit storage device included in the charging-cir-
is of the same. cuit and adapted to be charged thereby, 

It is to be observed that it is the function means for commutating, directing or select-
of the cylinder A, with its brushes and con- iug the current impulses in the charging-cir
nections, to render the electrical impulses cuit, a receiving-circuit, and means for dis- 125 
coming from the plates P and P' suitable for charging the storage d~vice through the re-

60 charging the condenser (assuming them to be ceiving-circuit, substantially as described. 
unsuitable for this purpose in the form in 3. In an apparatus for utilizing electrical 
which they are received) by rectifying them effects or disturbances transmitted through 
when they are originally alternating in di- the natural media, the combination with a 130 

rection or by selecting snch parts of them as source of such effects or disturbances of a 
65 are suitable when all are not, and any other charging-circuit adapted to be energized by 

device performing this function will obviously I the actiou of such effects or disturbances, a 
answer the purpose. It is also evident that condenser included in the charging-circnit 
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and adapted to be charged thereby, means tant receiving-station, the combination with 
for commntating, directing or selecting the a source of such effects or disturbances of a 
current impulses in the charging-circuit, a circuit distant from the source and adaptcd 70 

receiving-circuit, and means for discharging to have current impulses set up in it by t.he 
5 the condenser through the receiving-circuit, action of the effects or disturbances, a con-
. substantially as described. denser, means for commntating, directing 01' 

4. In an apparatus for utilizing electrical selecting the impulses and connecting the cir
effects or disturbances transmitted through cuit with the condenser at succeeding inter- 75 
the natural media, the combinat,ion with a vals of time synchronizing with the impulses, 

IO source of such effects or disturbances of a a receiving - cit'cuit, and means for period
charging-circuit adapted to be energized by ically discharging the condenser through the 
the action of such effects or disturbances, a receiving-circuit, substantially as described. 
storage device included in the charging-cir- 9. In an apparatus for utilizing electrical 80 
cuit and adapted to be charged thereby, effects or disturbances transmitted through 

15 means for com mutating, directing or select- the natural media, the combination with a 
ing the current impulses in the charging-cir- source of such effects or disturbances of acil'
cuit so as to render them suitable for charg- cuit connecting points at a distance from t,he 
ing the storage device, a receiving-circuit, sout'ce between which a difference of pot en- 85 
and means for discharging the storage device tial is created by such effects or disturbances, 

20 through the receiving-circnit, substantially a storage device included in such circuit and 
as described. adapted to be charged with the energy sup-

D. In an apparatus for utilizing electrical \ plied by the same, a receiving-circuit con
effects or disturbances transmitted througb nected with the storage device, a receiver in- 90 
the natural media, the combination with a cluded in such receiving-circuit, and llleans 

25 source of such effects or distUl'bances of a for closing the receiving-circuit and thereby 
charging-circuit adapted to be-energized by causing the receiver to be operated by the 
the action of such effects or disturbances, a energy accumulated in the storage device, 
condenser included in the charging-circuit substantially as described, 95 
and adapted to be charged thereby, means 10. In an apparatus for utilizing electrical 

30 for commutating, directing or selecting the effects 01' disturbances transmitted throngh 
current impulses in the charging-circuit so as the natural media, the combination with a 
to render them suitable for charging the con- sourne of such effects or distnrbances of a cir
denser, a receiving-circuit, and means for dis- cuit at a distance from the SOUl'ce which is 100 

charging the condenser through the receiv- energized by such effects or disturbances, a 
35 jng-circuit, substantially as described. storage device adapted to be charged with the 

6. In an apparatus for utilizing electrical energy supplied by snch circuit" means for 
effects or disturbances transmitted through connecting the storage device with the said 
the nat.nral media, the combination with a circuit for periods of time predetermined as lOS 

source of such effects or disturbances of a to succession and duration, a receiving-cir-
40 charging-circuit adapted to be energized by cuit connected with the storage device, a re-

the action of such effects or disturbances, a ceiverincluded in such receiving-circnit, and 
storage device included in thecharging-cir- means for closing the receiving-circuit and 
cuit and adapted to be charged thereby, thereby causing the receiver to be operated 1I0 

means for comm utating, directing or select- by the energy accu Il1 u lated in the storage de-
45 ing the current impulses in the charging-cir- Yice, substantially as described. 

cuit so as to render them suitable for charg- 11. In an apparatus for utilizing electrical 
ing the storage device, a receiYing-circuit, effects or disturbances tl'ansmitted through 
and means for discharging the storage device the natural media, the combination of a cir- 115 
throngh the receiving-circuit at arbitrary in- cuit connecting points at a distance from the 

50 tervals of time, sabstan tially as described. source between which a difference of potential 
7, In an apparatus for utilizing electrical is created by such effects or disturbances, a 

effects or disturbances transmitted to a dis- storage device included in such circuit and 
tant receiving-station, the combiuation with adapted to be chal'ged with the energy sup- 120 

a source of such effects or disturbances of a plied by the same, a receiving-circuit" a re-
55 circuit distant from the source a.nd adapted ceiver included in snch circuit, and means for 

to have current impulses set up in it by the connecting the recei ving-circuit with the stor
action of the effects or disturbances, a stor- age device for periods of time pl'edetermined 
age device, means for commutating, directing as to succession and duration and thereby I25 
or selecting the impulses and connecting the cansing the receiver to be operated by the en-

60 circuit with the storage device at succeeding ergy accumulatecl in the storagedeYice, sub
intervals of time synchronizing with the illl- stantially as described. 
pulses, a receiving-circuit, and means for pe- 12. In an apparatu·s fol' utilizing electrical 
riodically discharging the storage device I effects or disturbances transmitted tlll'ongh 130 
through the receiving-cil'cuit, substantially the natural media, the combination of a cir-

65 as described. cuit connecting points at a distance from the 
8. In an apparatus for utilizing electrical source between which a difference of potential 

effects 01' disturbances transmitted to a dis- is created by such effects or disturbances, It 

1 
, J 



storage device adapted to be charge<1 with the electrical distlll'bances or effects in the natu
energy supplied by snch circuit for succeed- ral media, a charging-circuit at the distant 
ing and predetermined pedods of time, a re- point adapted to receive corresponding elec- 60 
ceiving-circuit, a receiver included in the re- trical impulses or effects from the disturb-

S ceiving-circuit, and means for connecting the ances or effects so produced, a storage device 
receiving-circuit with the storage device for included in the charging-circuit, means in-
periods of time predetermined as to succes- cluded in the charging-circuit and acting in 
sion and duration and thereby cansing the re- synchronism with the impulses therein for 65 
ceiver to be operated by the energy accnmu- commutating, directing or selecting the im-

10 lated in the storage device, substantially as pulses so as to render them suitable for cbarg-
described. ing the storage device, a receiving-circuit and 

13. In an apparatus fOl' utilizing electrical means for periodically discharging the stor
effects or disturbances transmitted through age device through the receiving-circuit, sub- 70 

the natural media, the combination of a cir- stantially as described. 
IS cuit connecting points at a distance from the 17. In an apparatus for transmitting signals 

source, between which a difference of potential or intelligencethrongh the natural media from 
is created by such effects or disturbances, a a senc1ing-station to a c1ist,ant point, the com
conder_ser incluc1ed in such Circll i t and adapt- bination of a generator or transmitter ac1apted 75 
('d to be chal'gec1 by the current in the san1e, to proc1nce arbitrarily varied or intermittec1 

23 a receidng-circuit connected with the con- electrical disturbances Ol' effects in the natu
denser, a receiver included in such receiving- ra1 media, a charging-circuit at the distant 
circuit, and a device adapted to close the re- point adaptec1 to receive corresponc1ing elec
ceiving-circuit at arbitrary intervals of time trical impulses or effects from the distul'b- 80 
and I hereuy cause the reeei \-er to be operal ed ances or effects so produced, a conc1enser in-

z) hy the electl'ical enel'gy accumnlated in the cllldec1inthecharging-circuit.,meansincluded 
condensel" substantially as c1escribed. ) in the charging-circuit anc1 acting ill syn-

H. In an apparatns fOt' utilizing electrical' chronism with the impulses therein for COI11-
effects or distl11'hances tmnsmitted through I Illutating, directing or selecting the impulses 85 
thenatnml mec1ia, thecombinatiollufa charg- so as to render them suitable for charging 

30 ing-cil'Cllit distant from the source and enel'- the conc1enser, a receiving-circuit anc1 means 
gized hy tl1R effects or distu I'bances, a storage for periodically c1ischarging the, condenser 
device included in the charging-circui t., means through the receiving-circuit" substantially 
includec1 in the charging-circuit and acting in as described. 90 

synchronism with the impulses therein for 18. In an apparatus for transmitting signal .. ; ---:rS- comlilutating, dil'ecLing or selecting the im- ol'intelligencethroughthenaturalmecliafrom 
pubes, a receiving - circuit, and means for I a sending-station to a c1istant point, the com
periodically discharging the storage de vice bination of a generator or transmitter ac1aptec1 
through the -receiYing- circuit, su bstantially to produce arbitrarily varied or intermitted 95 
as describec1. electrical disturbances or effects in the natu-

40 15. In an apparatus for utilizing electrical ralmedia, a circuit at the distant point ac1apt-
effects or c1isturbances transmitted through ed to receive corresponding electrical im-
the naturalmec1ia, the com bination of a charg- pulses or disturbances from the c1isturbances 
ing-ciJ'cuit distant from the source and ener- or effects so transmitted, a stomge device in- TOO 

gizec1 by the effectR or disturbances, a con- cludec1 in such circnit anc1 ac1apted to be 
45 denser included in the charging-circuit, meaIlS charged thereby, a receiving - circuit con

included in the charging-circuit and actingin nected with the storage device, a receiver in
synchronism with the impulses therein for cluded in the receiving-circuit anc1 a device 
comml1tating,directing or selecting the im- for closing the receiving-circuit at arbitrary 105 

pulses, a receiving-circuit and means for pe- intervals of time and thereby cansing the re-
50 riodically discharging the condenser through ceiver to be operatec1 by the energyaccumu

the receiving - circuit, substantially as de- lated in the stomge devicp, substantiallv as 
scribed. c1escribed. • 

10. In an apparatus for transmitting signals 
or intelligence through the natural media from I 

55 a senc1ing-station to a distant point, the com
bination of a generator or transmitter adnptec1 
to proc1uce arbitrarily ,'aried or intermitted I 
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To all WhOl1u it 71uay concel'lt: a circuit, preferably one inclosing It very 
Be it known thatI, NIKOLA TEsLA, a citizen large area, inducing thereby in a similar cit'-

of the United States, residing at New York cuit situated at a distMlce another current, 
city, in the county and State of New York, and affecting by the same in any convenient 55 

5 have in vented a new and useful Impl'Ovement way a receiving device. Still another way, 
in Apparatus for Utilizing Effects Transmit- which has also been known for many years, 
ted from a Distance to a Receiving Device is to pass in any suitable manner a current 
Through the N atnrallVIedia, of which the fol- through a portion of the ground, as by COIl
lowing is a specification, reference being had nect,ing to two points of the same, preferably 60 

10 to the accompanying dmwingf.1, which forlll a ' at a considerable distance from each other, 
part of the same. the two terminals of a generator and to en-

The subject of my present in vention is an ergize by a part of the cUl'l'entdiffused 'through 
improvcment in the art of utilizing effects the earth a distant circuit, which is similarly 
transmitted from a distance to a receiving de- arranged and gl'Ounded at two points widely 65 

IS vice through the natural media; and it con- apart and which is made to act upon a sensi
sists in the novel apparatus hereinafter de- tive receiver. These yarious methods have 
scribed. their limitations, one especially, which is 

This application is a division of Olle filed common to all, being that the receiving cir-
by me August 1, 1899, Serial No. 725,749, and cnit or instrument must be maintained in a 70 

20 based upon and claiming the method herein definite position with respect to the trans
described and which may be practiced by the mitting apparatus, which often imposes great 
use of the apparatus forming the subject of disadvantages upon the nse of the apparatus. 
this application. In several applications filed by me and pat-

My invention is particularly useful in con- ents granted to me I have disclosed other 75 
25 nection "with methods and apparatus for op- methods of accomplishing results of this na

crating distant receiving devices by means ture, which may be briefly described as fol-
of electrical disturbances prod nced by proper lows: In one system the potential of a point 
transmitters and conveyed to such receiving or region of the earth is varied by imparting 
devices through the nat ural media ; but it ob- to it intermittent or alternating electrifica- 80 

30 viously has a wider range of applicability tions through one of the terminals of a suit
and may be employed, fot' example, in ~he in- able SOllI'ce of electrical disturbancef.1, which, 
vest.igation Jr utilization of terrestrial, solar, to heighten the effect, has its other terminal 
or other disturbances produced by natural connected to an insulated body, preferably 
causes." of large surface and at an elevation. The 85 

35 Several ways or met.hods of transmitting electrifications communicated to the earth 
electrical disturbances through thA natural spread in all directions through the same, 
media and utilizing them to operate distant reaching a distant circuit, which gen.erally 
i'eceivers are now known and have been ap-" has its terminals arranged and connected 
plied with more or less success for accom- similarly to those of the transmitting source 90 

40 plishing a variety of useful results. One of and operates upon a higbly-sensiti ve recei vel'. 
these ways consists in producing by a suit- Another method is based npon the fact that 
able apparatus rays or radiations-that is, the atmospheric ail', which behaves as an ex
disturbances - which are pl'opagated in cellent insulator to currents generated by 01'
straight lines through space, directing them dinary apparatns, becomes a conductor under 95 . 

45 upon a receiving or recording apparatus at'a the infinence of currents or impulses of enor
distance, and thereby bringing the latter in to mously high electromotive force, which I have 
action. This method is the oldest and best devised means fol' generating. By such 
known and has been brought particularly into means air strata, which are easily accessible, 
prominence in. recent years through the in- are rendered available for the production of 100 

50 vestigations of Heinrich Hertz. Another lllany desired effects at distances however 
method consists in passing a cmJ'ent.throngh great. This method, furthermore, allows ad-
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vant.age 1.0 be taken of many of t.hose im-j propagat.ed through the natural ruedia froni 
provements which are practicable in the 01'- any kind of source and their practical utili
dinary systems of transmission involving the I zation for any purpose to w,hich they are ap- 70 
use of a metallic conductor. plicable, I have devised a novel method, which 

5 Obviously whatever method be employed I have described in a pending application, 
it is desirable that the disturbances produced filed June 24, 1899, Serial No. 721,790, and 
by the transmitting apparatus should be as which, broadly stated, consists in effecting 
powerful as possi-ole, and by the use of cer- during any desired time interval a storage of 75 
tain forms of high - frequency apparatuR, energy derived from such impulses and util-

10 which I have devised and which are now well izing the potential energy so obtained for op
known, important practical advantages are erating it receiving device. 
in this respect secured. Furthermore, since JYIy present invention is intended for the 
in most cases the amonnt Qf encl'gy conveyed same general pmposes, il,lld it comprises an- 80 
to the distant circuit is but a min ute fraction other apP[l,I'atus by means of which similar 

15 of the total energy emanating from the source results may be obtained, 
it is necessary for the attainment of the best The chief feature which distinguishes the 
results that whatever the character of the re- method of my present from that of my former 
ceiver and the nature of the disturbances as invention, just referred to, is that the energy 85 
much as possible of the en~rgy conveyed stored is not, as in the former instance, ob-

20 should be made available for the operation tained from the energy of the distnrbances 
of the receiver, and with this object in view or effects transmitted from a distance, but 
I have heretofore, among other means, em- from an independent source. 
ployed a receiving-circuit of high self-induc- Expressed generally, the present method 90 
tion and very small resistance and of a period consists in charging a storage device with en-

25 such as to vibrate in synchronism with the dis- ergy from an independent source, controlling 
tUrbances, whereby a number of separate im- the charging of said device by the action of the 
pulses from the source were made to cooperate, effects or disturbances transmitted through 
thus magnifying the effect exerted upon and the natural media, and coincidently using 95 
insuring the action of the receiving device. the stored energy for operating a receiving 

30 By these means decided advantages have been device. 
secured in many instances; but very often the A great variet.y of disturbances, produced 
improvement is either not applicable at all, either by suitably-constructed transmitters 
or, if so, the gain is very slight. Evidently or by natural causes, are at present known 100 

when the source is one producing a continu- to be propagated through the natural media, 
35 ous pressure or delivering impulses of long and there are also a variety of means or de

duration it is impracticable to magnify the vices enabling energy to be stored, and in 
effects in this manner, and when, on the other view of this I wish to say that I consider the 
hand, it is one furnishing short impulses of utilization of any snch disturbances and the 105 

extreme rapidity of succession the advantage employment of any of these means as within 
40 obtained in this way is insignificant, owing to the scope of my present invention so long as 

the radiation and the unavoidable frictional the use of the general method hereinbefore 
waste in the receiving-circuit.. These losses stated is involved. 
reduce greatly hoth -the intensity and the The best way of carrying ont my in venti on 110 

number of the cooperative impulses, and which I at present know is to store electrical 
45 since the initial intensit,y of each of these energy obtained from a suitable electrical 

is necessarily limited only an insignificant generator in a condenser and to control the 
amount of energy is thus made available fOt' storage or the application of this energy by 
a single operation of the recehTer. As this means of a sensitive, device acted upon by 115 

amount is consequently dependent on the the effects or disturbances, and thereby cause 
50 energy conveyed to the receiVfw by one single the operation of the receiver. 

impulse, it is evidently necessary to employ In the practical application of this method 
either a very large and costly, and therefore I usually proceed as follows: At any point 
objectionable, transmitter, or else to resort to where I desire to investigate or to utilize for 120 

the equally objectionable use of a receiving any purpose effects or d'istlll'bances prop a-
55 device too delicate and too easily deranged. gated through the natural media from any 

Furthermore, the energy obtained through kind of sonrce I provide a suitable generator 
the cooperation of the impulses is in the form of electricity-as, for example, a battery and 
of extremely rapid vibrations and because of I a condenser-which I connect to the poles of 125 

thi.S unsuit.able foJ' the operation of ordinary I the generator in series with a sensitive de-
60 receivers, the more so as this form of energy vice capable of being modified in its elec

imposes narrow restrictions in regard to the tl'ical resistance or other property by the ac
n:lode and time of its application to snch de- tion of the disturbances emitted from the 
vices. '1'0 overcome these and other limita- source. To the terminals of the condenser I 130 
tions and disad vantages that have heretofore connect the receiver which is to be operated 

65 existed in such systems of transmissionoi"sig- in series with another device of snitable con
nals or intelligence and to render possible struction, which performs the function of pe
an investigation of impulses Or disturbances riodically discharging the condenser through 
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the receiver at and during such intel'vals of 
time as may be best suitable for the purpose 
contemplated. This latter device may merely 
consist of two stationary electrodes separated 

5 by a feeble dielectric layer of minnte thick
ness, but sufficient to greatly reduce or prac
tically interrupt the cnrrent in the circuit 
under normal conditions, or it may comprise 
terminals one or more of which are movable 

10 and actuated by any suitable force and are 
adapted to be brought into and out of con
tact with each other in any convenient man
ner. The sensitive device maybe any of the 
many devices of this kind which are known 

IS to be affected by the disturbances, impulses, 
or effects propagated through the media, and 
it maybe of such a character that normally
that is, when not acted upon-it entirely pre
vents the passage of electricity from the gen-

20 erator to the condenser, or it ~nay be such 
that it allows a gradual leaking through of 
t,he cnrrent and a charging of the condens~l' 
at a slow rate. In any case it will be seen 
that if the disturbances, of whatever nature 

25 they may be, canse an appreciable diminu
tion in the electrical resistance of the sensi
tive device the current from the battery will 
pass more readily into the condenser, which 
will be charged ata more rapid rate, and con-

30 sequently each of its discharges through the 
receiver, periodically effected by the special 
device before referred to which performs this 
function, will be stronger than normally
that is, when the sensiti ve device is not acted 

35 upon by the disturbances. Evidently then 
if the receiver be so adj usted that it does not 
respond to the comparatively feeble normal 
discharges of the condenser, if they should 
occur, but only to those stronger ones which 

40 take place upon the diminution of the re
sistance of the sensitive device it will be op
erated only when this device is acted upon 
by the disturbances, thus making it possible 
to investigate and to utilize the latter for any 

45 desired purpose. 
The general principle underlying my in ven

tion and the operation of the various devices 
used "will be clearly understood by reference 
to the accompanying drawings, in which-

50 Figure 1 is a diagram illustrating a typical 
arrangement of apparatus which may be used 
in carrying my method into practice, and 
Figs. 2, 3, 4, and 5 similar diagrams of modi
fied arrangements of apparatus for the same 

5S purpose. 
In Fig. 1, C is a condenser, to the terminals 

T and T' of which is connected a charging
circllH, including a battery B, a sensitive de
vice a, and a resistance 1", all connected in se-

60 ries, as illustrated. The battery shoulU be 
preferably of very constaut electromotive 
force and of an in tensity carefully deter-. 
mined to secnre the best results. The resist
ance r, which may be a fl'ictional or an in-

65 ductive one, is not absolutely necessary; but 
it is of advantage to use it in order to facili
tate adjnstment, and for this purpose it may 

be made variable in any convenient and pref
erably continuous manner. Assuming that 
the disturbances which are to be investigated 70 
or utilized for some practical end are rays 
identical with or resembling those of ordinary 
light, the sensitive device a may be a sele
nium cell properly prepared,so as to be highly 
susceptible to the influence of the rays, the 75 
action of which should be intensified by the 
use of a reflector A. (Showll in the draw
ings.) It is well known tha t when cells of 
this kind are exposed to such rays of greatly
varying intensity they undergo correspond- 80 
ing modifications of their electrical resistance; 
but in the ways they have been heretofore 
used they have been of very limited utility. 

In addition to the circuit including the sensi
ti,"e device or cell a another circuit is pro- 85 
vided, which is likewise connected to the ter
minals T T' of the condenser. This circuit, 
which may be called the" receiving-circuit," 
includes the receiver R and in series with it 
a device el, before referred to, which performs 90 
the duty of periodically discharging the con
denser through the recei vel'. It will be noted 
that, as shown in Fig. 1, the receiving-circuit 
is in permanent connection with the battery 
and condenser-terminal T, and it should be 95 
stated that it is sometimes desirable to en
tirely insulate the receiving - circuit at all 
times, except the moments when the device 
d operates to discharge the condenser, thus 
preventing any disturbing influence which 100 

might otherwise be caused in this circuit by 
the battery or the condenser during the pe
riod when the receiver should not be acted 
upon. In such a case two devices, as 11, may 
be used, one in each connection from the con- 105 

denser to the recei ving-circuit, or else one sin-
gle device of this kind, but of a suitably-modi-
fied construction, so that it will make and 
break simultaneously and at propel' intervals 
of time both of t.he connections of this circuit 110 

with the condenser T and T'. 
From the foregoing the operation of the ap

paratus, as illustrated in Fig. 1, will be at 
once understood. Normally-that is, when 
it. is not influenced by the rays at all or very II5 
slightly-the cell a, being of a comparatively 
high resistance, permits only a relatively fee-
ble current to pass from the battery into the 
condenser, and hence the latter is charged 
at too slow a rate to accumulate during t,he 120 

time interval between two sncceeding opera
tions of the device d snfficient enel;gy to op
erate the receiver or, generally speaking, to 
produce the required change in the receiving
circuit. rrhis condition is readily secured by 125 

a proper selection and adjustment of the vari-
ous devices described, so that the receiver 
will remain unresponsive to the feeble dis
charges of the condenser which may take 
place when the cell g,isacted upon but slightly 130 

or not at all by the rays or disturbances; but 
if now new rays are permitted to fall upon 
the cell or if the intensity of those already 
acting upon it be increased by any cause then '" 
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its resistance will be diminished and the con- the devices and carefnl adjustment the ad
denser will be charged by the battery at a vantages of my method may be more or less 
more rapid rate, enabling sufficient potential completely secured. I find it preferable, 70 
energy to be stored in the condenser during however, to follow the plan which I have illus-

5 the period of inaction of the device d to op- trated and described. 
erate the receiver or to bring about any de- It will be observed that the condenser is an 
sired change in the receiving-circuit when important element in the combination. I 
the device d acts. If the rays acting upon have shown that by reason of its unique prop- 75 
the cell or sensjt,ive device a are varied or in- erties it greatly adds to the efficacy of this 

10 termitted in any arbitrary manner, as when method. It allows the energy accumulated 
transmitting intelligence in the usual way in it to be discharged instantaneously, and 
from a distant station by means of short and therefore in a highly effective manner. It 
long signals, the apparatus may readily be I magnifies in a large degree the current sup- 80 
made to record or to enable an operator to plied from the battery, and owing to these 

IS read the message, since the receiver-suppos- features it permits energy to be stored and 
ing it to be an ordinary magnetic relay, for discharged at practically any rate desired, 
example-will be operated byeachsignalfrom and thereby makes it possible to obtain in the 
the sending-station a certain number of times, receiving-circuit very great changes of the 85 
having some relation to the duration of each currenfstrength by impressing upon the bat-

20 signal. It will be readily seen, however, that tery-current very small variations. Other 
if the rays are varied in any other way, as means of storage possessing these character
byimpressingnpon them changes in intensity, is tics to a useful degree may be employed 
the succeeding condenser discharges will un- without departing from the broad spirit of 90 
dm'go corresponding changes in intensity, my invention; but I prefer to usea condeuser, 

25 which may be indicated or recorded by a suit- since in these respects it excels any other 
able receiver and distingnished irrespectively stOl;age device of which I have knowledge. 
of duration. In Fig; 2 a modified arrangement of appa-

With reference to Fig. 1 it may be useful ratus is illustrated which is particularly 95 
to state that the electrical connections of adapted for the investigation and utilization 

30 the various devices illustrat.ed may be made of very feeble impulses or disturbances, such 
in many different ways. For instance, the as may be used in conveying signals or pro
sensitive device instead of being in-series, ducing other desired effects at very great dis-
as shown, may be in a shun t to the condenser, tances. In this case the enel'gy stored in the 100 

this modification being illustrated in:Fig. 3, condenser is passed through the primary of 
35 in which the devices already described are a transformer, the secondary circuit of which 

indicated by similar letters to correspond with contains the rec~iver, and in order to render 
those of Fig. 1. In this case it will be ob- the apparatus still more suitable for use in 
served that the condenser, which is being detecting feeble impulses, in addition to the 105 

charged from the battery B through the re- sensitive device which is acted upon by the 
40 sistance r, preferably inductive and properly impulses, another snch device is included in 

related to the capacity of the condenser, will the secondary circuit of the transformer. 
store less energy when the sensitive device The scheme of connectionfl is in the main that 
a is energized by the rays, and its resistance of a "\Vheatstone bridge, the fOllr branches of 110 

thereby diminished. The adjustment of the which are formed by the sensitive device a 
45 varions instruments may then be such that and resistances L, L', and L", all of which 

the receiver will be operated only when the should be preferably inductive and also ad
rays are diminished in intensity or interrnpt- justable in a continuous manner, or at least 
ed and entirely prevented from falling upon by very small steps. The condenser 0', which 115 

the sensitive cell, or the sensitive device may is generally made of considerable capacity, is 
50 be'plewed, as shown in Fig. 4, in ashunt to the connected to t\VO opposite points of the bridge, 

resistance r or inserted in any suitable way while a battery B, in series with a continuous-
in the circuit containing the receiver-for ly·adjustaule non-inductive resistance r', is 
example, as illustrated in Fig. 5-in both of connected to the other pair of opposite points, 120 

which figures the various devices are lettel'ed I as usnal. The four resistances included in 
55 to correspond with those in Fig. 1, sothatthe the branches of the bridge-namely, a, L, L', 

figures become self-explanatory. Again, the and L"-ar0 of a suitable size and so propor
several instruments may be connected in the tioned that under normal conditions'-that is, 
manner of a-Wheatstone bridge, as will be when the device a is not influenced at all or 125 
hereinafter explained with reference to Fig. only slightly by the disturbances-there will 

60 2, or otherwise connected or related; but in be no difference of potential, or, in any case, 
each case the sensitive device will have the the minimum of·the same at the terminals T 
same duty to perform-that is, to control the and T' of the condenser. It is assumed ill 
energy stored and utilized ill some snitable the present instance that the disturbances to 130 

way for causing the operation of the receiver be investigated or utilized are such as will 
65 in correspondence wi th the in termittances or prod nce a difference of electric poten tial, how

variations of the effects or disturbances-and ever small, between two points or regions in 
in each instance by a judicious selection of the nat·ural media, as the earth, the water, 
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or the air, and in order to apply this potential to the pl'imary p is a secondary coil s, usually 
difference effectively to the sensitive device a of much thin ner wire and of many more turns 
the terminals of the same are connected to than the former, to which are connected in It 70 
two plates P and P', which should be of as series a l'eceiYer R, illnstratedas an ordinary 

5 large a surface as practicable and so located magnetic relay, a continuously - adjustable 
in the media that t,he largest possible differ- non-inductive resistance 1''', a battery B' of a 
ence of potential will be pl;oduced by the dis- propedy-determined and very constant elec
turbances between the terminals of the sen- tromotive force, and finally a sensitive device 75 
sitive device. This device is in the present a' of t.he same or similar construction as G, 

10 case one of familiar construction, consisting which is likewise rotated at a uniform sDeed 
of an insulating-tube,which is indic·ated by and which, with its brushes b' b", closes the 
the heavy lines in the drawings and which secondary circuit. The electromotive force 
has its ends closed tightly by two cond ucting- of the battery B' is so graduated by means of 80 
pIngs with reduced extensions, upon which the adjustable resistance 1''' that the dielec-

IS bear two brushes b b, through which the cur- tric layers in the sensitive device (6' are 
rents are conveyed to the device. The tubu- strained very nearly to the point of breaking 
lar space between the pI ugs is partially filled down aud gi ve way upon a sligh t increase of 
with a condllcting sensitive powder, as indi~ the electrical pressure on the terminals of the 85 
cated, the proper amoun t of the same and the device. It will of conrse be understood that 

20 size of its grains being determined and ad- the resistance 1,11 is used mainly because of 
jl1sted beforehand by experiment. Thistube convenience and that it may be dispensed 
I rotate by clockwork or other means at a with, in which case the adjnstment may be 
uniform and suitable rate of speed, and un- effected in many other ways, as by deter- 90 
del' these conditions I find that this device mining the proper amount or coarseness of 

25 behaves toward disturbances of the kind be- the sensitive powdel' or by varying the dis
fore assumed in a manner similar to that of tance apart of the metallic plugs in the ends 
a stationary cell of celenium toward rays of of the tube. '1'he same may be said of the re
light.. Its electrical resistance is diminished sistance r', which is in series with the bat- 95 
when it is acted upon by the disturbances tery B and serves to gmduate the force of the 

So and is automatically restored upon the cessa- latter, so that the dielectric layers of the sen
tion of their influence. It is of advantage to sitive device a are -subjected to a similar 
employ round grains -of powder in the tube, straiu and maintained in a state of delicate 
and in any event jt is important that they poise. 100 

should be of as uniform size and shape as pos- - The variolls instruments being connected 
S'i sible and that provision should be made for and adjusted in the manner described, it will 

maintaining an unchanging and very dry at- now be readily seen from the foregoing that 
lllosphere in the tube. To the terminals T 'under normal conditions, the device a being 
and T' of the condenser 0' is connected a coil unaffected by the disturbances, or practically 105 
p, usually consisting of a few turns of a con- so, and there. being no or only a vel'y insig-

40 ductor of yery small resistance,-which is the nificant amount of energy stored in the con
primary of the transformer before referred denser, the periodica,l closure of the primary 
to, in series·,vitha 0.evice d, which effects the circuit of the tmnsformer through the opera
discharge of the condenser through the coil tion of the device d will have no appreciable 1I0 

p at predetermined intervals of time. 1n-the I effect upon the primary coil p, and hence no 
45 present., case this deVI.· ce ~onsists of a cylin(~er cu.rren. ts will be generated in the ~econdary 

made partly of conductLDg and partly of lll- COIl s, at least not snch as would dIsturb the 
slliating material e and e', respectively, which state of delicate balance existing in the sec-
is rotated at the desired rate of speed by ondary circuit including the receiver,and lIS 
any suitable means. The conducting part e therefore the latter will not be actuated by 

50 is in good electrical connection with shaft S the battery B'; but when, owing to the dis-
and is provided with tapering segments, as j, turbances or impulses propagated through 
Upon which slides a brush Tt, which should the media· from a distant sonrce, an addi
preferably be capable of longitudinal adjust- tional electromotive force, however RmaIl, is 120 

ment along the cylinder. Another brush b', created between the terminal's of the device a 
55 which is connected to the condenser-termi- the dielectric layers in the same, unable to 

nal '1", being arranged to bear upon the shaft support the increased strain, give way and 
S, it will be seen that whenever the brush k allow the current of the batteryB to pass 
comes in contact with a conducting-segment e I through, thus causing a difference of po- 125 

the circuit including the primary p will be tential at the terminals T and T' of the con-
60 completed and the condenser, if energized; denser. A sufficient amount of energy being 

discharged through the same. By an adjust- now stored in this instrument during the 
ment of the speed of rotation of the cylinder time interval between each two sncceedingop-
and a displac-ement of the brush k along the erations of the device d, each closure of the 130 

axis of the same the circuit may be made to primary circuit by the latter results in the 
'65 open and close in as rapid succession and re- passage of a sudden current impulse through 

main open or closed during such intervals of the coilp, which induces a corresponding cur-
-... time asmaybe desired. In inductive relation rent of relatively high electromotive force in 
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the secondary coil s. Owing to this the di- media from a distant source, the combination 
electric in the device a' ~ives way, and the of an electrical storage device, a charging
cnrrent of the battery H' being allowed to circnit connected therewith and including a 70 

pass the receiver R is operated, bnt only fOI' device sensitive to the action of the effects or 
5 a moment, since by the rotation of the de- disturbances and determining under their 

vices a, ai, and d, which may be all driven control the tiow of current in the charging
fl'om the same shaft., the OI'iginal conditions cit'cuit, a receiving-circuit including a rc
are restored, assuming, of comse, that the ceiver, amI means for periodically dischal'g- 75 
electromoti ve force set up by the distn rbances ing the storage device through the recei ving-

10 at the terminals of the sensit.i\'e device a is C'ircuit, substantially as described. 
only momentary or of It d nra tion not longer 2. 111 an apparatus for n tilizing effects or 
than the time of closure of the primary cir- disturbances transmitted through the natural 
cuit; otherwise the rec('iver will be aetuated media from a distantsonrce, the combination 80 
a numher of times and so long as the in- of a condenser, a charging-circuit connected 

IS fl uence of the disturbances upon the device a therewith and including a source or electric
continnes. In order to render the discharged I ity and a device.sensitive to the action of the 
cnel'~y of the condenser more effective in effects or rlisturbances and determining un
eansing the operation of the receh"el', the re- del' their control the flow of current in the 85 
t;istance of the primary circuit should be very charging-circuit, a receiving-circuit includ-

20 small and the secondary coil s should have-a ing a receiver, and means for periodically 
number of turns many times greatCl' than discharging the condenser t.hrough the re
that of the primary coil p. It will be noted ceiving-<iircuit, substantially as described. 
that Hince the condensel' under the above as- 3. In an apparatus for utilizing effects or 90 
sumptioml i" always charged in the same di- disturbances transmitted through the natural 

25 rection the stl'Ongest. Clll'rent impUlse in the media from a distant source, the combination 
secondary coil, which is induced at the mo- of a circuit including a source of electricity, 
ment when the brnsh li; comes in contact a .storage device adapted to be charged there
with segment e, is also of unchanging·diree- by. and a device normally of very high re- 95 
t.ion, and for the attainment· of the best re- sistancebutadapted to have itsresistance re-

30 suIts it is necessary to connect the secondary uuced when acted upon by the effects or dis
coil so that the electromotive force of this iIll- tUl'bances, with a rcceiving-circuit connected 
pulse will be added to that of the battery and with.the storage deYice and including a re-
will momentat'i1y stl'engthen the same. How- ceh'er and a device adapted to open and close 100 

ever, under certain conditions, which are well the receiving-circnit at predetermined iutel'-
35 llndel'stood by those skiIIed in the art, the vals of time, substantially as described. 

devices wiII operate whichever way the sec- 4. In an apparatus for utilizing effects 01' 

ondal'Y be con nected. It is preferable to mal,e uisturbances transmitted through the natural 
the inductive resistances Land 1/ relatively media from a distant source, the combination 105 

large, as they are in a shunt to. the device a of a circuit including a source of electricity, 
40 and might., if made too small, impait· its sen- a .condenser and a device normally of very 

sitiveness. On the other hand, the resistance high resistance but adapted to have its re-
L" should not. be too large and should be re- sistance reduced when acted upon by the ef
lated to the capacity of the conden:;;er and t.he fect.s or disturbances, with a receiving-circuit [10 

number of makes and breaks effected by the connected with the condenser and including 
45 device cl in well-known ways. Similar con- a receiver and a devi~e adapted to opeu and 

siderations apply, of course, to the circuits in- close the receiving-eircnit at predetermined 
eluding the primary p and secondary s, re- intervals of time, substantially as described. 
spectively. 5. In an apparatus for utilizing effeqts 01' II5 

By carefully obsef\'ing well-known rules of disturbances transmittcd from a distant 
50 scientific design and adjustment of the in- source, the com bination of aeircuit including 

strnments the apparatus may be made ex- a source of electricity, a storage device adapt
tremely sensitive and capable of responding ed to be charged thereby and a device, nor-
to the feeblest influences, thus making it pos- mally of very high resistance but adapted to 120 

sible to utilize impulses 01' disturbances trans- have its resistance reduced when acted upon 
55 mit ted from very great distances and too by the effects or disturbances, with a receiv

feeble to be detected or utilized in any of the ing-circuit connected with the storage device 
ways heretofore known, and on this account and including the primary of a transformer 
the method here described lends itself to many and a device adapted to open and close such 125 
scientific and practical uses of great value. second circnit at predetermined intervals of 

60 Obviously the character of the devices and time, and a receiver included in the second· 
the manner in which they are connected or aryof the transformer, substantially as de
related may be greatly varied wi thou t depart- scribed. 
ing from the spirit of my invention. 6. In an apparatus for utilizing effects or 130 

What I claim as new, and desire to secure disturbances transmitted from a distant 
65 by Letters Patent, is- sonrce, the combination of an electrical stor-

.1. In an apparatus for utilizing effects or age device,a charging-circuit connected there
disturbances transmitted through the natural with and including a device sensitive to. the 
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actio??f the effects. or disturbances and de- I distl~rbances tr~nsll1itted through the ~atu.ral 
terll1Inlllg under then control the flow of the medIa from a dIstant source, the combInatwn 
current in the charging-circuit., and a recei v- with a storage device and an independent 
jng-circuit slipplied with energy from the source of energy for charging the same, of a 

5 storage device and including a receiver and a receiving-circuit connected with the storage 55 
device sensitive to electrical variations in the device, a device seusitive to the effects or 
receiving-circnit, substantially as described. distnrbances and adapted to have its resist-

7. In an apparatus for utilizing effects or ance varied by the action thereon of such 
disturbances transmitted through the natural effects or disturbances and determining nn-

I:J media from a distant source, the combination del' their control the flow of current in the 60 
of a condenser, a charging-circuit connected receiving-circuit, substantially as set forth. 
therewith and including a device sensiti ve to 11. In an apparatus for utilizing effects or 
the action of the effects or disturbances and disturbances transmitted from a distant 
determining under their control the flow of somee, the combination of a storage device, 

I S the current in the charging-circuit, and a re- a battery or similar independent sonrce of 65 
ceiving-circuit snpplied with energy from the energy for charging the same, a sensitive de
condenser and including a recei vel' and a de- vice adapted to have its resistance varied un
vice sensitive to electrical variations in the del' the influence of the effects or disturb
receiving-circuit, substantially as described. ances, a receiver adapted to be operated by 

20 S. In an apparatus for utilizing effects or the discharge of the storage device, the sen- 70 
disturbances transmitted through the natural sitive device being in one branch of a Wheat
media from a distant source, the combination stone bridge, the storage device in one of the 
of a circuit, an independent local sonrce of cross connections between two opposite points 
electricity included therein, a storage device of the bridge, and the battery in the other 

25 connected with the said circuit and adapted cross connection, and resistances L, V and 75 
to receive energy from the said source, a de- L" in the three remaining branches of the 
vice normally of very high resistance, but bridge, as set forth. 
adapted to have its resistance reduced when' 12. In an apparatus for utilizing effects or 
acted upon by the effects or disturbances, a disturbances t.ransmitted through the natural 

30 receiving-circuit connected with the storage media from a distant source, the combination 80 
device, a transformer, the primary of which of a storage device, a battery or like inde-
is included in said receiving-circuit, a device pendent source of energy for charging the 
adapted to open and close the receiving-cir- same, a sensitive device adapted to have its 
cuit at predetermined intervals of time, a re- resistance varied under the influence of the 

35 ceiver, and a device, normally of very high re- effects or disturbances, a circuit connected 85 
sistance, but adapted to have its resistance with the terminals of the storage device, a 
reduced when acted upon by the effects 01' dis- transformer having its primary in said circuit 
turbances, and included in the secondary cir- and a receiver in the secondary circuit of the 
cuit of the transformer, as set forth. transformer, the sensitive device being in one 

,40 D. In an apparatus for utilizing effects or branch of a Wheatstone bridge, the storage 90 

disturbances transmitted from a llistantdevice in one of, the cross connections be
source, the combination with a, storage device tween opposite points of the bridge and the 
and an independent source of energy for battery in the other cross connection, and re
charging the same, of a receiving-circuit con- sistances L, V and V' in the, three remaining 

45 nected with the storage device, a device sen- branches of the bridge, as set forth. 
sitiv~ t.o the effects .01' disturbances and dy- NIKOLA TESLA. 
term1llll1g nnder theIr control the fiow of cur
rent in the receiving-circuit, substantially as 
set forth. 

50 10. In an apparatns for utilizing effects or 

'W'itnesses: 
E. A. SUNDERLIN, 
D. D. LORD. 

I 
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To all Wh071l1 iii may concern: operation or control of mechanical or elec-
Beit known that I, NIKOLA '1'ESLA, a citizen trical devices or rendered nsefn 1 in many 

of the United States, residing at the borough other ways. 
of Manhattan, in the city, county, and State In applying my discoyel'Y I provide a con-

S of New York, have invented certain new and denser, preferably of considerable electl'O- 5S 
useful Improvements in Apparatus for the static capacity, and connect one of its termi
Utilization of Radiant Energy, of which the nab; to an insulated metal plate or other con
following is a specification, reference being ducting-body exposed to the rays or streams 
had to the drawings accompanying and form- of radiant matter. It is very important, par-

IO ing a part of the same. ticularlv in view of the fact that electrical 60 

It is well known that certain radiations- energy is generally snpplied at a very slow 
such as those of ultra-violet light, cathodic, rate to the condenser, to constrnct the same 

. Roentgen rays, or the like~possess the prop- with the greatest care. I nse, by preference, 
eriy of charging and discharging conductors the best qnality of mica as dielectric, taking 

15 of electricity, the discharge being particu- every possible precaution in insulating the 65 
larIy noticeable when the conductor upon armatures, so that the instrument may with
which the rays impinge is negati\Tely electri- stand great electrical pressures without leak
fied. These radiations are generally con- ing and may leave no perceptible eleetl'ifi
sidered to be ethel' vibrations of extremely cation when discharging instantaneously. In 

20 small wave lengths, and in explanation of the practice I have found that the best results 70 

phenomena noted it has been assumed by are obtained with condensers treated in the 
some authorities that they ionize or render m(l,nner described in a pat.ent granted to me 

. conducting the atmosphere through which February 23, 1897, No. 577,071. Obviously the 
they are propagated. :My own experiments above precautions should be the more rigor-

25 and observations, however, lead me to con- ously obsenTed the slower the rate of charg- 75 
clusions more in accord with the theory here- ing and the smaller the time interval during 
tofore advanced by me that sources of such which the energy is allowed ·to accumulate in 
radiant energy throw off with great velocity the condenser. '1'he insulated plate or con
minute particles of matter which are strongly dllcting-body should present as large a sur-

30 electrified, and therefore capable of charging face as practicable to the rays or streams of 80 
an electrical condnctor, or, even if not so, matter, I having ascertained that the amonnt 
may \tt any rate discharge an electrified con- of energy conveyed to it per unit of time is 
ductor either by carrying off bodily its charge under otherwise identical conditions propor- .~ 
or otherwise. tionate to the area exposed, Ot' nearly so. 

35 :My pl~esent application is based npon a dis- Furthermore, the surface should be clean and 85 
covery which I have made that when rays or preferably highly polished or amalgamated. 
radiations of the above kind are permitted to The second terminal or armature of the con
fall upon an insulated conducting-body con- denser may be connected to one of the poles 
nected to one of the terminals of a condenser of a battery or other source of electricity or 

40 while the other terminal of the'same is made to any conducting body or object whatever of 90 
by independent means to receive or.to carry such properties or so conditi9n.ed that by its 
away electricity a current flows into the con- means electricity of the required sign will be 
denser so long as the insulated body is ex- supplied to the terminal. A simple way of 
posed to the rays, and under the conditions supplying positive or negative electricity to 

45 hereinafter ·specified an indefinite accumu- the terminal is to connect the same either to 95 
lation of electrical energy in the condenser an insulated condl,.wtor supported at some 
takes place. This energy after a suitable height in the.atmosphere or to agrou nded con
time interval, during which the rays are al- l d nctor, the fOrmel." as is well known, furnish
lowed to act, may manifest itself in a pow- ing positive and the latter negative electric-

50 erful discharge, which may be utilized for the ity. As the rays or snpposed streams of mat- laO 
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tBP generally convey a positive charge to the 
first condenser-terminal, which is connected 
to the plate or conductor aboye mentionell, I 
usually connect the secolld tel'llIinal of the 

5 condenser to the ground, this 1>eing the 1I10st, 
convenient way of obtaining- negath'e elec
tricity, dispensing with the nrcessHy of pro-' 
viding an artificial SOllrce, In order to util
ize for any useful purpose the energy accu-

10 111 nlatec1 in the condenser, I fu rthermore con
nectto the terminals of the sameacil'cnit in
cluding an instrument 01' apparatus which it. 
is desired to opel'M.e and another instrument 
01' device for alternately elosing and opening 

15 the cil'euit. This latter may be any form of 
('iI'cuit-con troller, with fixed 01' movable parts 
ot' electl'odes, which may be actuated either 
by the stored enel'gy 01' by independent means, 

My discovery will be more fully understood 
20 f!'Olll the following descl'iption and annexed 

(l!'awings, to which reference is now made, and 
in which- ' 

Figlll'e 1 is a diagram showing the general 
Hrmngenwnt of apparatus as nsnally 0m-

25 ployed. Fig. 2 is a similal' diagram illustrat
ing more ill detail typical forms of thedevices 
or elements used in pmdice, and Figs. 3 and 
4 are diagl'am mati cal represen tations of modi
fied al'l'angements suitable fol' special PUl'-

30 poses. 
As iIlus:rative of the IlHUmel' in whieh the 

several parts or elements of the apparatus in 
one of its simplest. forIlls are to be arranged 
and connected for useful opfll'ation, reference 

35 is made to Fig. 1, in which C is the condensel', 
P t.he insulate<l plate or conducting - body 
which is exposed to the rays, and P' another 
plate 01' conductor which is groun<led, all be
ing joined in series, as sho\vn. The tel'minals 

40 '1' '1" of the condenser are also connected to a 
eircl1it which includes a device R to be oper
ated and a circnit-controllingdevice cZ o(the 
eharactel' above referred to. 

The apparatus being al'l'ange<l as shown, it 
45 will be fonnd t.hat when the radiations of the 

sun or of any other sonrce capable of pro
ducing the effects before described fall upon 
the plate P au accumulation of electrical 
energy in the condenser C will result. This 

50 phenomenon, I believe, is best explained as 
follows: The SUIl, as well as other sources of 
radiant energy, throws off minute particles of 
matter positively electrified, which, impinging 
upon the plate P, communicate continuously 

55 an electrical charge to the same. The op
posite terminal of the condenser 1>eing con
nected to the grounel, which may be consid
ered as a vast reservoir of negati ve electricity, 
a feeble current flows continuously into the 

60 condenser, and inasmuch as these supposed 
particles are of an inconcei vably small radius 
or curvature, and consequently charged to a 
relatively very high potential, this charging of 
the condenser may continue, as I have ac-

65 tuallyobseJ'ved, almost indefinitely, even to 
the point of ruptnring the dielectric. If the 

device d be of such character that it will op
erate to close the circnit in 'which it is in
cluded when the potential in the condenser 
has reached a certain magnitude, the aCCUll!l1- 70 
latp,d chfll'ge will pass through the circuit, 
which also includes the receiverR, and oper
ate the lattel'. 

In illustration of a particular form of ap
paratus which may be used in carrying out 75 
my discovery I now refer to Fig. 2. In this 
figure, whieh in the general arrangement of 
1.he elements' is identical to Fig. 1, the device 
d is shown as eom posed of two yery thin con
ducting-plates t t', placed in close proximity 80 
and very mo1>ile, either by reason of extreine 
flexibility OL' owing to the character of their 
su pport. To im prove their action, they should 
be inclosed in a receptacle, from which the 
ail' may 1>e exhausted. The plates t t' are 85 
connected in series with a working circuit, 
including a suitable receivel', which ill this 
case is shown as consisting of an electromag-
net J\I, a movable armature a, a retractile 
spring b, anel a ratchet-'wheel w, provided 90 
with a spring-pawIT, which is pivoted to ar
mature a, as illustrated. "When the radia
tions of the sun OL' other radiant source fall 
upon plate P, a cnrrent flows into the con
denser, as above explained, until the poten- 95 
tin'! therein rises sufficiently to attract and 
bring into contact the two plates t t', and 
thereby close the circuit connected to the two 
condenser-terminals. This pel':nits a flow of 
current which energizes the magnet J\I, CflUS- 100 

iug it to draw down the armatl1re a and im
part a partial rotation to the ratchet-wheel 
w. As the cnrrent ceases the armature is 
retracted by the spring b, without, however, 
moving the wheel w. With the stoppage of 105 

the current the plat.es t t' cease to be attracted 
and separate, thus restoring the circuit to its 
original ('ondition. 

Fig. 3 shows a modified form of apparatus 
used in connection with an artificial source 110 

of radiant energy, which in this instance may 
be an arc emitting copiously ultra-violet rays. 
A suitable reflector may be provided for con
centrating and directing the radiations. A 
magnet R and circuit-controller dare ar- IIS 
ranged as in'the previous figures; bu t in the 
present case the former instead of pOl'forming 
itself the whole work only serves the purpose 
of alternately opening and closing a local 
circuit, containing a source of current Band 120 

a receiving or translating device D. The 
controller d, if desired, may consist of two 
fixed electrodes separated by a minnte air-
gap or weak dielectric film, which breaks 
down more or less suddenly when a definite 125 

difference of potential is reached at the ter
minals of the condenser and returns to its 
original state upon the pass'age of the dis
charge. 

Still another modification is shown in Fig. 130 

4, in which the sonrce S of radiant energy is 
a special form of Roentgen tube devised by 
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me, having' but one terminal le, genel'ally of speci fically: described with reference to Fig, 2 
aluminium, in the form of half a sphere, with and also thatthespecialdetailsofconstl'uction 
a plain polished snrface on the front side, and arrangement of the several parts of the 
from which the stl'eams are thl'own off. It apparatus may be \Tery gl'eatly varied with- 70 

5 may be excited by attaching itto one of the out departure from the invention. 
terminals orany generator of sufficiently high Having described my invention, what I 
electromotive force; but whatever apparatus claim is'-: -
be. used it is important that the tube be ex- 1. An apparatus for ntilizing radiant en-
hausted to a high degree, as othenvise itmight ergy, comprising in combination a condenser, 75 

10 prove entirely ineffective. The working or one armature of which is subjected to the ac
discharge circuit connected to the terminals tion of rays or radiations, independent means 
T T' of tho condenser includes in this case for charging the other armature, a cil'cuit and 
the primal'Y p of a transformer and a circuit- apparatus therein adapted to be operated or 
controller comprising a fixed terminal or controlled by the discharge of the condenser, 80 

IS brush t and a movable terminal t' in the shape as set forth .. 
'of a wheel, with conducting and insulating 2 . .An apparatull for utilizing radiant en
segments, which may be rotated at an arbi- ergy, com prising in combination, a condenser, 
trary speed by any /?uitable means. In in- ane armatUl'e of which is subjected to the ac
ductive relation to the primary wire or coil p tion of rays or radiations, independent means 85 

20 is a secondary 8, usnally of a much g'reater for charging the other armature, a local cir
n umber of turJ;lS, to the ends of which is con- cuit connected with the condenser-terminals, 
llected a receiver R. The terminals of the acircuit-contl'ollerthereinandmeansadapted 
condenser being connected, as indicated, one to be operated or controlled by the discharge 
to an insulated plate P and the other to a of the condenser when the local circuit is go 

25 grounded plate pI, when the tube S is excited closed, as set forth. . 
rays or streams of matter are emitted from 3 . .An apparatus for utilizing radiant en
the same, which convey a positive charge to ergy, comprisingincombination, a condenser, 
the plate P and cQndenser-terminal T, while one terminal of which is subjected to the ac
terminal T' is continuously receiving llega-I tion of rays or radiations, independent means 9:; 

30 tive electricity from the plate P'. This, as for charging the ot~er armatu're, a local cir
before explained, results in an accumulation I cuit connected with the condenser-terminals, 
of electrical energy in the condenser, which a circuit-controller therein dependent for op
goes on as long as the circuit including the eration on a given rise of potential in the con
primary p is interrupted. Whenever the cir- denser, and devices operated by the discharge roo 

35 cuit is closed owing to the rotation of the of the condenser when the local circuit is 
terminal t' , the stoi'ed energy is discharged closed, as set forth. 
through the primary p, this giving rise in the 4 . .An apparatus for utilizing radiant en
secondary 8 to induced currents, which oper- ergy, comprising in combination, a condenser, 
ate the receiver R. one terminal of which is subjected to the ac- 105 

40 It is clear from what has been stated above tion of rays or radiations, and the other of 
that if the terminal T' is connected to a plate which is connected with the ground, a circnit 
supplying positive instead of negative elec- . and apparatus therein adapted to be operated 
tricity the rays should convey negative elec- by the discharge of the accumulated energy 
tricity to plate P. The source S may be any in the condenser, as set forth. !IO 

45 form of Roentgen or Lenard tube; but it is 5 . .An apparatus for utilizing radiant en-
obvious from the theory of action that in ergy, comprising in combination,a condenser, 
order to be very effective the electrical im- one terminal of which is subjected to the ac
pulses exciting it should be wholly or at least tion of rays or radiations and the other of 
preponderatingly of one sign. If ordinary which is connected with the ground, a local 115 

50 symmetrical alternating currents are em- circuit connected with the condenser-termi
ployed, provision should be made for allow- nals, a circuit-controller therein and means 
ing the rays to fall upon the plate P only adapted to be operated by the discharge of 
during those periods when they are product- the condenser when the local circuit is closed, 
ive of the desired result. Evidently if the as set forth. I20 

55 radiations of the sonrce be stopped or inter- 6 . .An apparatus for utilizing radiant en-
cepted or theil' intensity varied in any man- ergy, comprising in combinatioll,a condenser, 
ner,as by periodically interrupting orrythmic- one terminal of which Is subjected to the ac
ally varying the current exciting the source, tion of rays or radiations and the other of 
there will be corresponding changes in the which is connected with the ground, a local 125 

60 action upon the receiver R, and thus sign~ls circuit connected with the condenser-termi
may be transmitted and many other useful nals, a circuit-controller therein adapted to 
effects produced. Furthermore, it will be un- be operated by a given rise of potential in the 
derstood that any form of c.ircuit-closer which condenser, and devices operated by the dis-
will respond to or be set in operation when a charge of the condenser when the local circuit 130 

65 predetermined amount of energy is stored in is closed, as set forth. 
thecondensermaybeusedinlieuofthedevice 7 . .An apparatus for utilizing radiant ell-

r 
I 
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ergy, comprising a condenser, having one ter
minal connected to earth and the other to an 
elevated conducting-plate, which is adapted 
to receive the rays from a distant source of 

5 radiant energy, a local circuit connected with 
the condenser-terminals, a receiver therein, 
and a circuit - controller therefor which is 

adapted to be operated by a given rise of po
tential i.n the condenser, as set forth. 

NIKOLA TESI,A. 

\Vitnesses: 
M. LAWSON DYER, 
RICHARD DONOVAN. 
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To all whom it may oonoern: 

Be it known that!, NIKOLA TESLA, a citizen 
of the United States, residing at the borough 
of Manhattan, in the city, county, and State 

5 of New York, have invented certain new and 
useful Improvements in Methods of Utilizing 
Radiant Energy, of which the following is a 
specification, reference being had to the d I'll. w
ings accompanying and forming a part of the 

10 same. 
, It is well known that certain I'adiations

such as those of ultra-violet light, cathodic, 
Roentgen rays, or the like~possess the prop
erty of charging and discharging conductors 

15 of electricity, the discharge being particu
larly noticeable when the conductor upon 
which the rays impinge is negativelyelectri
fied. These radiations are generally consid
ered to be ether vibrations of extremely small 

20 wave lengths, and in explanation of the phe
nomena noted it has been assumed by some 
a nthorities that they ionize, or render con
ducting the atmosphere through which they 
are propagated. My own experiments and 

25 observations, however, lead me to conclu
sions more in accord with the theory hereto
fore advanced by me that sources of. such 
radiant energy throw off with grl;lat velocity 
minute particles of matter which are strongly 

30 electrified, aud therefore capable of charging 
an electrical conductor, or even if not so may 
at any rate discharge an electrified conduc
tor either by carrying off bodiIyits charge or 
otherwise. 

35 My present application is based upon a dis-
.covery which I have made that when rays or 
radiations of the above kind are permitted 
to fall upon an insulated conducting body 
connected to one of the terminals of a con-

40 denser, while the other terminal of the same 
is made by independent means to receive or 
to carry away electricity, a current flows into 
the condenser so long as the 'insulated body 
is' exposed to the rays, and under the condi-

45 tions hereinafter specified an indefinite ac
cumulatiou of electrical euergy in the con
denser takes place. This energy after a suit

, able time interval, during which the rays are 
allowed to act, may manifest i.tself in a pow

S.o erful discharge, which may be utilized for 
the operatjon 01' control of mechanical or elec-

tri<lal devices 01' rend-ered useful in many 
other ways. - '. 

In applying my dis<lovery 1 provide a con
denser, preferably of. considerable electro- 55 
static capacity, and connect one of its ter- .. 
minals to an insulated metal plate or other 
conducting body exposed to the rays 'or 
streams of radiant matter. It is very impor
tant,particularly in view of the fact fhatelec- 60 
trical energy is generally snpplied at a very 
slow rate to the condenser, to construct 'the 
same with the greatest care. I nse by prefer
ence the best.quality of mica as dielectric, tak
ing ~very possible 'precaution in insulating 65. 
the armatures, so that the instrument may 
withstand great electrical pressures without 
leaking and may leave no perceptible electri
fication when discool'ging instantaneously. 
In practice I have found that the best results 70 
are obtained with condensers treated in the 
manner described in a patent granted to me 
February 23, 1897, No. 577,671. Obviously the 
above precautions should be the more rigor
ouslyobserved the slower the rate of charg- 75 
iug and the small~r the time interval during 
which the energy is allowed to aceu m ulate in 
the condenser. The insulated plate or con
ducting body should pre8ent as large a sur· 
face as practicable to the rays or streams of 80 
matter, I baving ascertained that the amount 
.of energy conveyed to it pel' unit of time is 
under otherwise identical conditions propor
tionate to the area exposed, or nearly so. Fur
thermore, the surface should be clean and 85 
preferably highly polished or amalgamated. 
The second terminal or armature of the con
denser may be connected to one of the poles 
of a battery or otheS source of electricity or 
to any conducting pody or object whatever of 90 

.such properties 01' so conditioned that by its 
means electricity of the required sign' will be 
supplied to the terminal. A simple way of 
supplying positive or negative electricity to 
the terminal is to connect the same eithtlr to' 95 
an insulated conductor, supported at some 
height in the atmosphere, or to a grounded 
conductor, the former, as is well known; fur
nishing positive and the latter negative elec
tricity. As the rays or supposed streams of' IO(' 

matter generally convey a positive charge to 
the firstcondenser-terminal,which is connect-
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eu to the plate or conductor above uientioned, 
I usually couuect the secoud terminal of the 
condenser to the grouud, this beiug the most 
convenient wayof obtaining negative electric-

5 ity, dispensing with the necessity of provid
ing an artificial source. In order to utilize 
for any useful purpose the energy accumu
lated in the condenser, I furthermore connect 
to the terminals of the same a circuit inclnd-

10 ing an instrument or apparatus which it is de
sired to operate and another instrument or 
device for alternately closing and opening the 
circuit. This latter may be any form of cir
cuit-controller, wit,h fixed or movable parts 

IS or electrodes, which may be actuated either 
by the stored energy or by independent means. 

The rays or radiations which are to be util
ized for the operation of the apparatus nbove 
described in general terms may be derived 

20 from a natural source, as the sun, or may be 
artificially prodnced by such means, for ex
ample, as an arc-lamp, a Roentgen tube, and 
the like, and they may be employed for a 
great variety of useful purposes. 

25 My discovery will be more fully understood 
'from the following detailed descl'iption and 
annexed drawings, to which reference is now 
lnade~ and in which-

Figure 1 is a diagram showing typical forms 
30 of the devices or elements as arranged and 

counected in applying the method for the op
·~wation of a mechanical contrivance or instru
mentsolely by the energy stored; and Fig. 2 
is a diagrammatical representation of a modi-

35 fled arrangement suitable for special pur
poses, with a circuit-controller actuated by 
independent means . 

. Referring to Fig. 1, C is the condenser, P 
the insulated plate or conducting body, which 

40 is exposed to the rays; and P' another plate or 
conductor, all being joined in series, as shown. 
The terminals T '1" of the condenser are also 
connected to a circuit including a receiver R, 
which is to be operated, and a circuit-control-

4..S ling device d,which in this case is composed 
. of two very thincond ncting-plates t t', placed 

in close proximity and very mobile, either by 
reason of extreme flexibility or owing to the 
charater of their support. To improve their 

50 action, they should be inclosed ina receptacle 
from which the air may be exhausted. The 
receiver R is shown as consisting of an elec
tromagnet M, a movable armature a, a- re
tractile spring b, aud a ratchet-wheel w, pro-

55 vided with a spring-pawl r, which is pivoted 
to armature a, as illustrated. The apparatus· 
being arranged as shown, it will be found that 
when the radiations of the sun or of any other 

. source capable of producing the effects before 
60 described fall upou the plate P an accumula

tion'of electrical energy in the condenser C 
. will result. This phenomenon, I believe, is 
best explained as follows : The sun as well as 
other sources of radiant energy throw off mi-

6S nute particles of matter positively electrified, 
which, impinging upon the plate P, commu
nicate an electrical charge to the same. The 

t .. 

opposi~e terminal of the condenser being con
nected to the ground, which may be consid
ered as a vast reservoir of negative electricity, 70 
a feeble current flows continuously into the 
condenser, and ina!!lllluch as these supposed 
particles are of au inconceivably small radius 
or curvature, aud consequently charged to It . 
relatively very high potential, this charging 75 
of the condenser may continue, as I have 
found in practice, almost indefinitely, even to 
the poiut of rupturing the dielectric. Obvi
ously whatever circuit - controller be em
ployed it should operate to close the circuit 80. 
ilIl which it is included wheu the potential in 
the coudenser has If,ached the desired magni- f 
t1!lde. Thus in Fig. hen the elec.tricalpres
sure at the termin s T T' rises to a certain 
predetermined value the plates t t', attract- 85 
ing each other, close the circuit connected to 
the terminals. This permits a flow of current 
which energizes the magnet M, causing it to 
draw dowu the arm.atnre a and impart a par
tial rotation to the ratchet-wheel w. As the 90 
current ceases the armature is retracted by 
the spring b without, however, moving the 
wheel w. With the stoppage of the current 
the plates t t' cease to be attracted and sepa- . 
rate, thus restoring the circuit fo its original 95 
coudition. 

Many useful applications of this met.hod of 
utilizing the radiations emanating from the 
sun or other source and many ways of carry-
ing out the same will at once suggest them- too 
selves from the above description. By way 
of illustration a modified arrangement is 
shown in.Jfig. 2, in which the source S of ra~ 
diant energy is a special form of Roentgen 
tube devised by me having but one terminal 105 

k, generally of aluminium, iu the form of 
blf a sphere with a plaiu polished surface 
on the frout side, from which the streams are 
thrown off.. It may be excited by attaching 
it to one of the terminals of any generator of IIO 

sufficiently-high electromotive force; but 
whatever apparatus be used it is important 
that the tube be exhausted to a high degree; 
as otherwise it might prove entirely ineffect-
ive. The working or discharge circuit con- IIS 
lIlected to the terminals T T' of the condenser 
includes in this case the primary p of a trans~ 
former and a circuit-controller comprising a 
fi:s.ed terminal or brush t and a movable ter
minal t' in the shape of a wheel with ·conduct- 120 
ing and insulating segments which may be 
rotated at an arbitrary speed by any suitable 
means. In iud ucti ve relation to the primary 
wire or coil p is a secondary s, usually of a 
mnchgreater number of turns; to the ends of uS 
which is connected a receiver R. The ter
minals of the condenser being connected as 
iudicated, one to an insulated plate P and 
the other to a grounded plate pI, when the 
tu be S is excited rays or streams of matter J 30 
are emitted from th~ same, which convey a 
positiv~ charge to the plate P andcon:denser· 
termi!1al T, while terminal T' is continuously 
receiving negative electricity from the plate 

.. , .. --t 
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. p'. This, as-before explained', results in an 
accumulation of electrical energy ill the con~ 
denser, which goes on as long 'as the circuit 
including the primary p is interrupted. 

S Whenever the circuit is closed, owing to the 
rotation of the terminal t', the stored energy 
is discharged through the primlJ,ryp, this giv
ing rise in the secondary s to induced cur.-

· rents which operate the receiver R. . 
(0 It is clear from what has been stated above 

thatif the terminal T' is connected to a plate 
supplying positive instead of negative elec
tricity the rays should convey negatiye elec
tricity to plate P.The source S may be any 

(5 form of Roentgen or Lenard tube; but it is 
obvious from the theory of action that in or
der to be very effective the electrical im
pulses exciting it should be wholly or at least 
preponderatingly of one sign. If ordinary 

20 symmetrical alternating currents are em
ployed, provision should be made for allow
ing the -rays to fall upon the plate P. only 
during those periods when they are prod.uc
tive of the desired result. Evidently if the 

2S radiations of the source be stopped orinter
cepted or their intensity varied in any man
ner, as. by periodically interrupting or ryth-

· mically varying the current exciting the 
. source, there will be corresponding changes 

30 in the action upon the receiver R, and thus 
· signals may be translliitted and many other 

. useful effects produced ... Furthermore,it will 
be understood that any form of circuit·closer 
which will respond to or be set in operation 

.35 when a predetermined amount of energy is 
stored in the condenser may be used in lieu 
of the device specifically described with ref
erence to Fig. 1, and also that the special 
details of construction and arrangement of 

40 the several parts of. the apparatus ll!ay.be 
very greatly varied without departurl;l_ from 
the invention. 

Having described my invention, what I 
claim is-" 

.45 1. The inethod of utilizing radiant en~rgy, 

.. 

which consists .in charging one of the arma." 
tures of a condenser by rays or radiations, and 
the other armature by indepeudentmeans, 
and discharging the condenser through a suit-
able receiver, aR set forth. 50 

2. The method of utilizing radiant energy, 
which consists in simultaneously charging 
a condenser by means of rays or . radiations 
and an independent source of electrical en
ergy, and discharging the condenser through 5S 
a suitable receiver, as set forth. 

3. The method of utilizing radiant energy, 
which consists in charging one of the arma
tures of a condenser by rays or radiations, and 
th~ other by independent means, controlling 60 
the action or effect of said rays or radiations 
and discharging the condenser through a suit-
able receiver, as set forth. . 

4. The method of. ntilizing radiant energy, 
which consists in charging one of the armu- 6,.; 
tures of a condenser by rays or radiations and 
the other by independent means, varying the. 
intensity of the said rays or radiations and pe
riodically discharging the condenser through 
a suitable receiver, as set forth. 70 

5. The method of utiliiing radiant energy, 
which consists in directing upon an elevated 
conductor, connected to Olle of the armatures 
of a condens€.!', rays OL' radiations capable of 
positively electrifying the same, carrying off 7S 
electricity from the other armature by con
necting the same·with the ground, and dis-

. charging the accumulated energy throngh a 
suitable receiver, as set forth. 

6. The method of utilizing radiant energy, 80 
which consists in charging one of the arma
tures of a condenser by rays or radiations,and 
the other by independent means, and effect
ingbythe automatic discharge of theaccumu
lated energy the operation or control of a 85 
suitable receiver, as set forth. 

NIKOLA TESLA. 
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To (ill wh01n it 711>ay concern: " 1 are us~d little advantage in this respect is to 
Be it known that I, NIKOLA TEsLA, a citi- he derived from tuning the circuits. It be

,zen of the United States, residing in the bor-I ing an impf\rative I'eqnirement in most prac
ough of Manhattan, in the city, county, and tical applications of such systems of Rignal- 55 

5 State of New York, have invented certain ing or intelligence transmission that the sig
new and useful Improvements in Methods of naIR 01' messages shollld be exclusive or pri
Signaling, of which the following is a speci- vate, it is highly deRil'able to do away with 
fication, reference being had to the drawings the above limitations, especially in view of 
accompanying and forming a part of the the fact which I have observed that the in- 60 

ro same, flnence of powerful electrical dist,nrbancos 
In certain systems for transmitting intelli- upon Rensit,ive recel\'el's extends eve~l on 

gible messages or governing the movements land to distances of Illany hundreds of miles, 
and operations of distant automata electrical and consequently, in accordance with theory, 
impulses or disturbanceR produced by suit- Ilt.ill fart,her on sea. To overcome t,hese draw- 65 

{5 able apparatus are conveyed through the nat- backs and to enable a great num bel' of trans
ural media to a receiving-circuit capable of mitting and receiving stations to be operated 
responding to the impulses, and thereby ef- selectively and exclusively and without any 
fecting the control of other appliances. Gen- danger of the signals or messages being dis
erally a special device, highly sensitive, is turbed, intercepted, or interfered with in any 70 

w connected to the receiving-circuit, which in way is the object of my present invention. 
order to render it 8t,ill more sllsceptible and Broadly stated, this invention consists in 
to reduce the liability of its being affected generating two 01' more kinds 01' classes of 
by extraneous disturbances is carefully ad- disturbances or impulses of distinctive char
jllstec1 so as to be in tune with the transmit- acter with respect to their effect upon are- 75 

25 tel'. Bya scientific design of the sending ceiving-circuit and operating thereby a dis
and receiving circuits and other apparatus tant receiver which comprises two 01' more 
and skilful adjustment of the same these .circuits, each of which is t.uned to respond 
objects may be in a measure attained; but exclusively to the disturbances 01' impulses 
in long experience I have found that not- .of one kind 01' class and so arranged that the 80 

30 withstanding all constructiYe ad vantages and operation of the receiver is dependent upon 
experimental resources t.his method is in their conjoint 01' resultant action. 
many cases inadequate. Thus while I have By employing only two kin~s of disturh
sUClceeded in so operating selectively under ances or series of impulses instead of oue, as 
certain favorable conditions more than one has heretofore been done, to operate a re- 85 

35 hundred receivers in most cases it is prac- ceiver of this kind I have found that safety 
ticable to work successfully but a few, the against the distnrbing influences of othel' 
number rapidly diminishing as, either owing sources is increased to such an extent that I 
to great distance or other causes, the energy believe this number to be amply sufficient in 
available in the tuned circuits becomes most cases for rendering the exchange of sig- 90 

40 smaller and the receivers necessarily more nals or messages reliable and exclusive; but 
delicate. Evidently a circuit however well in exceptional instances a greater number 
constructed and adjusted to respond exclu- may be used and a degree of safety against 
sively to vibrations of one period is apt to mutual and extmneous interference attained, 
be affected by higher harmonics and still I snch as is comparable to, that afforded by a 95 

45 more so by lower ones. vVhen the oscilla- combination-lock. The liability of a receiver 
tions are of a very high frequency, the num- being affected by distnrbances emanating 
bel' of the effective harmonics may be large from other sources, as well as that of the sig-
and the receiver consequently easily dis- nals 01' messages being received by instrn
turbed by extraneous influences to such an ments for which they are not intended, may, 100 

SO extent that when very short waves, such as however, be reduced not only by an increased 
those produced byHertzian spark apparatus, I number of the cooperative c1isturbances or 
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accompanying and forming a part of the the fact which I have observed that the in- 60 

ro same, flnence of powerful electrical dist,nrbancos 
In certain systems for transmitting intelli- upon Rensit,ive recel\'el's extends eve~l on 

gible messages or governing the movements land to distances of Illany hundreds of miles, 
and operations of distant automata electrical and consequently, in accordance with theory, 
impulses or disturbanceR produced by suit- Ilt.ill fart,her on sea. To overcome t,hese draw- 65 

{5 able apparatus are conveyed through the nat- backs and to enable a great num bel' of trans
ural media to a receiving-circuit capable of mitting and receiving stations to be operated 
responding to the impulses, and thereby ef- selectively and exclusively and without any 
fecting the control of other appliances. Gen- danger of the signals or messages being dis
erally a special device, highly sensitive, is turbed, intercepted, or interfered with in any 70 

w connected to the receiving-circuit, which in way is the object of my present invention. 
order to render it 8t,ill more sllsceptible and Broadly stated, this invention consists in 
to reduce the liability of its being affected generating two 01' more kinds 01' classes of 
by extraneous disturbances is carefully ad- disturbances or impulses of distinctive char
jllstec1 so as to be in tune with the transmit- acter with respect to their effect upon are- 75 

25 tel'. Bya scientific design of the sending ceiving-circuit and operating thereby a dis
and receiving circuits and other apparatus tant receiver which comprises two 01' more 
and skilful adjustment of the same these .circuits, each of which is t.uned to respond 
objects may be in a measure attained; but exclusively to the disturbances 01' impulses 
in long experience I have found that not- .of one kind 01' class and so arranged that the 80 

30 withstanding all constructiYe ad vantages and operation of the receiver is dependent upon 
experimental resources t.his method is in their conjoint 01' resultant action. 
many cases inadequate. Thus while I have By employing only two kin~s of disturh
sUClceeded in so operating selectively under ances or series of impulses instead of oue, as 
certain favorable conditions more than one has heretofore been done, to operate a re- 85 

35 hundred receivers in most cases it is prac- ceiver of this kind I have found that safety 
ticable to work successfully but a few, the against the distnrbing influences of othel' 
number rapidly diminishing as, either owing sources is increased to such an extent that I 
to great distance or other causes, the energy believe this number to be amply sufficient in 
available in the tuned circuits becomes most cases for rendering the exchange of sig- 90 

40 smaller and the receivers necessarily more nals or messages reliable and exclusive; but 
delicate. Evidently a circuit however well in exceptional instances a greater number 
constructed and adjusted to respond exclu- may be used and a degree of safety against 
sively to vibrations of one period is apt to mutual and extmneous interference attained, 
be affected by higher harmonics and still I snch as is comparable to, that afforded by a 95 

45 more so by lower ones. vVhen the oscilla- combination-lock. The liability of a receiver 
tions are of a very high frequency, the num- being affected by distnrbances emanating 
bel' of the effective harmonics may be large from other sources, as well as that of the sig-
and the receiver consequently easily dis- nals 01' messages being received by instrn
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SO extent that when very short waves, such as however, be reduced not only by an increased 
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1'0 all whom it may COf!,Cern:. I from tuning the circuits. It bei.ng an im-
Be it known that I"NIKO:r,.A TESLA, a citi- perative requirement in most practical ap

zen of the United States, residing in· the bor- plications of such systemRof signaling or in
ough of Manhattan, in the city, county, and telligence transmission that the signals or !l5 

5 State of New York, have invented certain new messages should be exclusive or private, it- is 
and. useful Improvements in Systems of Sig- highly desirable to do away with the above 
naling, of which the following. is a specifica- limitations, especially in view of the fact, 
tion,reference being had to the drawings ac- which I have observed, .that the influence of 
companying and forming-a part of the same. powerful electrical disturbances upon sensi- 60 

10 In certain systems for transmittiug intelli- tive receivers extends, even on land, to dis- . 
gible messages or governing the movements tances of many hundre.ds of miles,and con
and operations of di~tant automata electrical sequently in· aC(lordance with theory still 
impulses or disturbances produced by suit- farther on sea. Toovei"comethesedrawbacks 
able apparatns are conveyed through the nat- and to enable a great number of transmitting 65 

(5 ural media to a distant receiving-circuit ca- and receiving stations to be operated select
pable of re~ponding to the impulses, and ively and exclusively and:without any dan
thereby effecting the control of other appli- gerof the signals or messages being disturbed, 
ances. Generally a special device highly intercepted, or interfered with in any way is 
sensitive is connected to the receiving-cir- the object of my present invention. 10 

,20 cuit, which in order to render it still more Broadly stated, this invention consists in 
susceptible and to reduce the liability o.fitsthe combination of means for generating and 
being affected by extraneous disturbances is transmitting two or more .kinds or classes of 
carefully adjust.ed so as to be in tune with disturbances or impulses of distinctive char
the tmnsmitter. Bya scientific design ofthe acter with respect to their effect upon a re" 75 

25 sending and receiving circuits and other ap- ceiving-circuitanda distant receiver Which 
paratus and skilful adjustment of the same comprises two 01' more circuits of different 
these objects maybe in a measure attained; electrical character or severally tuned, so as 
but in long experience I have found that not~ to be responsive to the different kinds 01' 
withstanding all constructi veadvantages and classes of impulses and which is dependent 80 

30 experimental resources this method is inforoperation upon the conjoint or resultant 
many cases inadequate. Thus while I.have action of the two or more circuits or the sev
succeeded in so operating selectively under eralinstrumentalities controlled or operated 
certain favorable conditions more than onetherepy~ By e,nploying only two kinds of 
hundred receiverS in most cases it ispracti- disturbances or series of impnlses instead of 85 

35 cable to work successfully but a few, the one, as has heretofore been done. to operate 
number rapidly diminishing a'S, eHber owing a receiver of this kind, I have found that 
to great distance or other canses,the energy safety against the disturbing influences of 
available in the tuned cil'cuits becomes othersollrces is increased to such an extent 
smaller and the receivers necessarily moredeU- that I believe thisnumber to be amply suffi- 90 

40 cate.Evidently a circuit however well con- cient in most cases for rendering ·the ex
structed·~tnd adjusted to respond exclusively change of signals ·01' messages reliable and 
to vibrations of one period is apt to be affect~ exclusive; but in exceptional instances. a 
ed by higher harmonics and still more so by greater num'ber may be used and a degree of 
lower ones. When the oscillations are of a 'safety against mutual and extraneous inter- 95 

45 very high frequency,the uumber of the ef- ferenceattained, such as is comparable to 
fective harmouics may be large, and the re- that afforded by a combination-lock .' The 
ceiver consequently easily disttll'bed by ex- liability of a rec.eiver being affected by dis
traneolls. influences to such an extent that turbances emanating from other sources, as 
when very shortwaves, such as those pro- well as that of the signals or messages being 100 

50 dllced hyHel'tzianspark apparatus, are used received by iustruments for which they are 
little advantage in' this respect. is derived not intended, may, however, be reduced not 
.' ". 
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only by an increased nnmber of the coopera- in other patents g-ranted to me. The brnsh
tive disturbances or series of impulses, but holders B' and B2 are capable independently 
also by a judicious choice of the same and of angular and, if necessary, also of lateral 
the order in which t,hey are made to act upon adjustment, so that any desired order of suc- 70 

5 the receiver. cession or any difference of Lime interval be-
Evidently there m'e a gr~at many ways of tween the discharges occurring in the two 

g-enerating- impulseR or disturbances of any primary circuits may be obtained. 1.'he con
wave length, wave form, nnmber or order of densersbeingenergizedfromasnitablesonrce 
succession, or of any special character such S, preferably of high potential, and the disk 75 

10 as will be capable of fulfilling the req uire- D being rotated,its projections or teeth p p. 
ments above stated, and there are also many coniing at periodically-recurring- int.ervals in 
ways in which such impulses or disturbances very close proximity to or, as the case may 
may be made to cooperate and to cause the be,incontactwiLhconductingrodsorbrushes 
receiver to be actuated, and inasmuch as the n n, cause the condensers to be discharged 80 

15 skill and practical knowledg-e in t,hese novel in rapid succession through their respective 
fields can only be acquired by long expe- circuits. Iil this matter the two secondarv 
dence the degree of safet.yand perfection at- systems D'S' E and D2 S2 E are set in vib!'a
tained will necessarily depend upon the ability tion and oscillate freely, each at its propet' 
and resource of the expert who applies my rate, for a certain period of time at every dis- 85 

20 invention; but in order to enable the same to charge. The two vibrations are impressed 
be successfully practiced by any person pos- upon the ground through the plate E and 
sessed only of the more general knowledge and spread to a distance reaching the recei ving
experience in these branches I shall describe station, which has two similar cit'cuits or sys
the simplest plan of carrying it Ollt which is terns e s' d' and e 8 2 d2 arranged and con- 90 

25 at present known to me. nected in the same manner and tuned to the 
For a better understanding of the subject systems at the sending-station, so that each 

reference is now made to the accompanying reRponds exclusively to one of the two vi bra
drawings, in which- tions produced by the transmitting apparatns. 

Figures 1 and 2 rE'present diagrammatically The same rules ofadj ustmen t are observed 95 
30 the apparatus and circuit connections em- with respect to the receiving-cil'cniLs,care be

ployed at the sending and receiving stations, ing, furthermore, taken that the tuningis ef
respectively; and Figs. 3, 4, and 5 modified fected when all the apparatus is connected 
means which may be employed in the prac- to the circuits and placed in position, as any 
tical application of the invention. change may more or less mod,ifythe vibration. 100 

35 In Fig. 1, S' and S2 are two spirally-wound Each of the receiving-coils s' and 1:;2 is shunt
coils or conductol's connected with their in- ed .by a local circuit containing, reRpectively, 
ner ends to elevated terminals D' and D2, re~ sensitive devices a' a2, batteries b' b2, adjust
spectively, and with theil' outer ends to an able resistances 1" 1,2, and sensitive relays R' 
earth-plate E. These t\VO coils, conductors, R2, all joined in series, as shown. The pre- r05 

40 or systems D'S' E: and D2 82 E have different cise connections.and arrangements of the va-
and suitably-chosen periods of vibration, and, rious receiving instl'Uments are lc1l'gely im-
as pointed out in other p~tlmts relating to my mat~rial and may be varied in many ways. 
system of energy and intelligence transmis- The sensitive devices a' a2 may be any of 
sion, their lengths should be such that the the well-known devices of .this kind-as, for lIO 

45 points of maximum pressure developed there- example,two conducting-terminals separated 
in coincide with the Ellevated t.et'minals D' D2. by a min ute air-gap Ot' a thin film of dielec
'rhe two systems may have electrical oscilla- tric which is strained or weakened by a bat
tions impressed upon them in any desired tery or other means to the point of bl'eaking 
manner, conveniently by energizing them down and gives way to the slightest dis- I IS 

50 through primaries P' and p2, placed in prox- tllrbing infillence. Its return to the normal 
imity to them. Adjustable inductances L' sensitive state may be secured by mO.menta-
and L2 are preferably included in the pri- rily interrupting the battery - circuit aftel' 
mary circuits chiefly for the purpose of regu- each operation or otherwise. The relays R' 
lating the rates of the primary oscillations. R 2 have armatures l' l2, which are connected 120' 

55 In the drawings these primaries P' and p2 by a wh'e 'LV and when attracted establish 
Hllrround the coils S' S2 and are joined in se- ele.ctl'ical contacts at 0' and 0 2, thtts closing 
l'ies through the inductances L~ V, conductor a circuit containing a battery bS, an adjust
F, condensers C' and C2, brush - holders B' able I'Elsistance 1'3, and a relay RS. 
and B2, and a toothed disk D, which is con- From the above description it will be read- I25 

60 nected to the conductor F and, if desired, ily seen that the relay R3 will be operatpd 
also to the ground-plate E, as shown, two inde-, only when both contacts 0' and (;2 are closed. 
pendent primary circuits being thus formed. The appamtus at the seilding-station may 
The condensers C' and C2 are of such capac- be controlled in any suitable manner-as, for 
ity and the inductances L' and L2 are so ad- instance, by momentarily closing the circuit I30 

65 ;justed that each primal'yis in close resonance of the source S, two different electric vibra
wi\.h its secondal'ysystem, as I have explained tions being emitted simultaneously or in 
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rapid succession, as maY' be desired, at each 
closure of the circuit. The tworeceiving-cir
cuits at the distant station, each tuned to re
spond to the vibrations produced by one of 

5 the elements of the transmitter, affect the 
sensitive devices a' and a2 'and cause the re
lays R' and R2 to be operated and contacts (;' 
and (;2 to be closed, thus actuating the re
ceiver or relay R3, which in turn estal)lishes 

10. a contact (;3 aud brings into action a device 
as by means of a battery d4, included in a lo
cal circuit, as shown; but evidently if through 
anyextraneous'disturbance only one of the 
circuits at the receiving-station is affected 

rS the relay.R3 will fail to respond. In this way 
communication may be carried OIl with 
greatly~increasedsafety a~ainst interference 
arid privacy of the messages may be secured. 
The receiving-station (shown in Fig. 2) is 

20 supposed to be one requiring no return mes
sage; but if the use of the Eystemis such t·hat' 
this is necessary then the two stations will 
be similarly equipped and anywell-known 
nieans, which it is not thought necessary to 

25 illustrate here, may be resorted to for ena
bling the apparatus at each station to be used 
in turn as transmitter and receiver. - In like 
manner the openitionof a receiver, as R3, 
may be made dependent, instead of upOIit~b; 

30 upon more than two such transmitting sys~ 
tems or circuits, and thlis any desired degree 
of exclusi veness or pri vacy and safety against 
extraneous disturbances may be attained. 
The apparatus as illustrated in Figs. 1 and 

35 2 permits, however, special results to be 
secured by the adjustment of the order of 
succession of the discharge of the primary cir
cuits P' and P2 0rof the time int'erval between 

. snch discharges. To illustrate, the action of 
40 the relays R' R2 may be regqlated either by 

adjusting the weights of the levers l' l2, or 
the strength of th~ batteries b' b2, or the re~ 
sistances r' r2, or in other well-known ways, 
so that when a certain order of succes'sion or 

45 time in terval between the discharges of the pri
niary circuits P' and p2 exists at the sending
station the levers l' and 12 will close the con~ 
tacts c' and c2 at the same instant, andthus 

,. operate the relay R3; but it will fail to pro-
50 dnce this l'el:lUlt when the order of succession 

of or the time interval between the discharges 
in the prim~ry circuits isanot,her one. 'By 
these or similar means additional safety 
against disturbances from other sources may 

55 he attained and, on t.he other band, the pos
sibility afforded of effecting the operation of 
signaling by varying the order of suc<;lession' 
of the discharges' of the two circuits. In
~tead of dosing and opening the circuit of 

60 the source S, as before indicated, for the pur
pose of sending distinct sigriaJs it' may' be 
convenient to merely aher the period of either 
of the transmitting-circuits al'liitrarily, as by 
var~:'iiig the inductance oithe primaries. 

65 Obviously there is no necessity for using 
transmitters with two or more distinct ele-
ments or circuits, as S' and S2, since a suc-

cession ofwavesorimpulses of different char
acteristics may' be produced by an ".instru
ment having but one such circuit. . A few of 70 
the many ways which will 'readily suggest 
themselves to the expert who applies my in
vention are illustrated in Figs. 3, 4, and 5. 
In Fig. 3a transmitting systein e SB dBis partly 

shunted by a rotating wheel or disk D3,which 75 
may be similar to that illustrated in Fig. 1 
and which cuts out periodically a portion of 
the coil or conductor S3 or, if desired, bridges 
it by an adjustable condenser C3, thhsalter
ipg the vibration of the system e sSd3 at suit- 80 
able intervals and causing two distinct kinds 
Or classes of impulses to be 'emitted in rapid 
succession by the sender. In Fig; 4 a similar 
result is produced in'the flYStem e S4 d4 by 
periodically short-circuit"ing, thronghan in- 85 
duction-coil V and a rotati~g disk D4 with 
insulating and couducting segments,a cir
cuit p 4 in inductive relation to said system. 
Again, in Fig. 5 three distinct vibrations are 
caused to be emitted by a system e S5 d5, this 90 

result being produced' by inserting periodic
ally a suitable numb£'r of turns ofari illduc
tion-coil L4 in series with theoscillatingsys
tem by means ofa rotating'disk B5 with :two 
projectionSl)5 p5 and three rodsorbrushesn5, 95 
placed atan angle of one hundred and twenty 
degrees relatively to each other. The three 
transmitting systems' or' circuits thus pro-
duced may be energizeuin the same manner 
as those of Fig. 1 or iIi any other convenient 100 

way. Corresponding to each of these cases 
the -receiving-station may be provided with 
two 01' three circuits in an ami.1ogous manner 
to that illustrated in Fig. 2,i~ being 'under
stood, of course, that the different vibrations 105 

. or disturbances 'emitted by th,e sender follow 
in such rapid succession llpon each other that 
they are practically simultaneous,' so' far as 
the operation of such relays as R' arid R2 Is 
concerned. Evidently , however, it is not nec- 110 

essary to employ'two or morereceiving-cir
cuits; but a sirigle circuit may beus'ed also 
at the receivirig~station constructed arid ar: 
ranged like the trarismittingcirCllits or sys
tems illustrated in Figs. 3,4, 'a'nd 5,in which 115 
case the corresponding disks, as D3 D4 D5,at ' . 
the sending will be driven in s~;'nchronism 
with those at the receiving stations as far as 
may be necessary to secure the desh-ed result; 
but whatever the nature of the specific' de- 120 

vices employed it will be seen that the 'funda
meIltal idea in my invention is the operation 
of a receiver by the coiljoint orresriltant ef
fect of two or more cirCllits each tuned to re
spondexclusively to waves, impulses,or vi- 125 

brations ofa 'certai'n' ki nd' or class 'prod nced 
either simultaneousl~ or 8ticc(\ssively hy a 
suitable transmitter, .,.., . . .' " 

It will be seeri from a consideratiQll of the 
nature of the inethod hereinbefore described Ip 
that the invention isapPJicable notonlyin' 
the special manner described; in which the' 
transmission of the impulses' is effected 
through natural media, but for the transmis~ 
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sion of energy for any purpose and whatever 
the medium through which the impulses are 
conveyed. 

What I claim is-
S 1. In a system for the transmission of elec

trical energy, the combination with means for 
producing two or more distinctive kinds of 
disturbances or impulses, of receiving -cir
cuits, each tuned to respond to the waves or 

10 impulses of one kind only, and a receiving de
vice dependent for operation upon the con
joint action of the several receiving-circuits, 
as set forth. 

2. In a system for the transmission of elec-
IS trical impulses and the operation or control, 

of signaling or other apparatus thereby, the 
combination with a transmitter adapted to 
produce two or more distinctive kinds or 
classes of disturbances or impulses, of sensi-

20 tive receiving-circuits, each tnned to respond 
to the impulses or disturbances of one kind 
or class only, and a receiving device depend
ent for operation upon the conjoint action of 
the sensitive circuits, as set forth. 

25 3. In a system for the transmission of elec
trical impulses, and the operation or control 
of signaling, or other apparatus thereby, the 
combination with a transmitter adapted to 
prod uce two or more distinctive kinds or 

30 classes of disturbances or impulses, of sensi
tive circuits at the receiving point or station, 
each tuned to respond to the impulses or dis
turbances of one kind or class only, a local 
circuit arranged to be completed by the con-

35 joint action of the sensitive circuits and a re
ceiving device connected therewith, as set 
forth. 

4. In a system for the transmission of elec
trical impulses, and the operation or control 

40 of signaling or other apparatus thereby, the 
combination with a transmitting apparatus 
adapted to produce two or more distinctive 
kinds of disturbances or impulses, of means 
for varying the time intervals of the emission 

45 of the impulses of the several kinds, sensi
tive circuits each tuned to respond to the im
pulses or disturbances of one kind only, and 
a receiving apparatus dependent for opera
tion upon the conjoint action of the sensitive 

50 circnits, as set forth. 
5. In a system, such as herein described, 

the combination with a transmitter adapted 
to produce a plurality of distinctive kinds of 
electrical disturbances or impulses, of a re-

55 ceiving apparatns comprising a plurality of 
circuits, a sensitive device and a relay in
cluded in each circuit, and each said circnit 
being tuned to respond to the impulses or dis
turbances of one kind only, and a receiving 

60 apparatus in a local circuit controlled by the 
relays and adapted to be completed by the 
conjoint action of all of said relays, as set 
forth. 

G. In a system of the kind described, the 
65 combination with a transmitter adapted to 

produce two or more series of electrical oscil
lations or impulses of different frequencies, 

of a receiving apparatus comprising a plurai
ityof sensitive circuits each tuned to respond 
to the impulses of one of the series produced 70 
by the transmitter, and a signaling device de
pendent for its operation upon the 'conjoint 
action of said circuits, as set forth. 

7. The combination wit.ha plurality of 
trll.nsmitter elements, each adapted to pro- 75 
duce a series of impulses or disturbau'ces of 
a distinctive character, and means for con
trolling and adjusting the same, of a receiver 
having a plurality of sensit,ive circuits each 
tuned so as to be affected bv one of the series 80 

of impulses only, and dependent for opera
tion npon the conjoint action of all of said 
circuits, as set forth. 

S. The combination with a fransmitter 
adapted to produce series of electrical im- 85 

pulses or disturbances of distinctive charac
ter and in a given order of succession, of a 
recei ving apparatus comprising tuned cir
cuits responding to such im pulses in a corre
sponding order, and dependent for operation 90 
upon the conjoint action of said elements, as 
set forth. 

9. In a receiving apparatus, the combina
tion with a pl1ll'ality of sensitive circuits, sev
erallyturned to respond towavesorimpulses 95 
of a. different kind or class, a receiving-ci,·
cuit controlled by the sensitive circuits and 
a device connected with the receiving-circuits 
adapted to be opf'rated when said circuit is 
completed by the conjoint action of two or 100 

more of the sensitive circuits, as set forth. 
10. A system for the transmission of elec

trical energy, having in combination means 
.,f))1· producing and transmitting two or more 
"impulses of different periodicities to form alaS 
signal in a predetermined order of succession,' 
as set fort,h. 

11. In a system for the transmission of elec
trical energy, the combination with a trans
mitting apparatus comprising-one or more cir- 110 

cuits, means for impressing therein oscilla
tions or impulses of different character and 
a receiving apparatus comprising a plurality 
of circuits each tunoo to respond to the im
pulses of one kind produced by the transmit- I IS 
ter and a receiver dependent for operation 
upon the conjoint action of the receiving-cir
cuits, as set forth. 

12. In a system for the transmission of elec
trical energy, t,he com bination with a trans- 120 

mitting apparatus comprising a transformer 
and means for impressing upon t,he secondary 
element of the same oscillations or impulses 
of different character, of a receiving appara-
tus comprising a plurality of circnits each 125 

tuned to the impulses of one kind emitted by 
the secondary of the transmitting - trans
former, and a receiver dependent for opera
tion upon the conjoint action of the receiv-
ing-circnits, as set forth. 130 

13. In a system for the transmission of elec
trical energy, the combination with a trans
mitting apparatus comprising a transformer 
and means for impressing upon the secondary 
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elements of the same oscillations or impulses 
of different periodicities and in a given order 
of succession, of a receiving apparatus com~ 
prising a plurality of circuits each tuned to 

5 respond to the transmitted impulses of one 
period, and a receiver dependent for opera
tion upon the conjoint ac!:ion of the receiving
circuits, as set forth. . 

14. In a signaling system, the combination 
10 of means for generating a series of electrical 

r--lmpulses of different periodicities, receiving
circuits of differing electrical periods of vi
bration, and an indicating mechanism oper
ated to give an intelligible indication only 

15 when currents are induced in the receiving
circuits in a predetermined order, as set forth. 

15. In a system for the transmission of en
ergy, the combination of two or more circuits 

differing with respect of one of their elec
trical constants, means for energizing said cir- 20 
cuits; and an indicating mechanism operative 
only by conjoint action of two or more cur
rents generated by waves from the sending-
station, as set forth. . 

16. In a system for the transmission of elec- 25 
trical ~nergy, the combination with a trans
mitteradapted to produce electrical waves or 
oscillations varying in character in a prede
termined ordel', ofa receiving instrument re
sponsive to said oscillations and dependent 30 
for operation upon the action thereofin a cor
responding order, as l1et.forth. 

. NIKOLATESLA. 
Witnesses: 

JOHN C. KERR, 
RICHARD S. DONOVAN. 
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';.'0 nU whmn it 71U~!I rO/W(Tn: 

Be it known that 1, :\TI'KOLA TI'~SLA, a citizen 
of the United States, residing,in the bOl"Ough 
of Manhattan, in the city, county, and State 

5 of New York, havediscovered a new and useful 
1m pl'Ovement in the Art of Transmitting Elec
tricalEnergy Through the Natural Media, of 
which the following is a specitieation, refer
ence being had to the drawings ltccompanying 

I c amI forming a part of the same, . 
1 t is known since a long time tlw.t electric 

. cnrrents TlHl.Y be propagated through the 
eal,th, and this kn{)wlcclg'e has been ·utilized 
in many ways in the tl'ansmission of signals 

IS and the opemtion .of a variety of receiving de
vices remote from the SOllrce of energy, 
mainly with the object of dispensing with a 
return conducting-\vire, It is also known that 
electrical disturbances may be transmitted 

20 thl'Ough portions of the parth hy grounding 
only one of the poles of the SOUI'ce, and this 
fact I have matle use of in systems which I 
have devised for the purpcJses of transmitting 
through the natumI media intellig'ible signals 

25 or· power and which are now familial'; !)ut all 
cxppriments and obsen'ations heretofore macle 
have tended t,o contiI'm the opinion held by 
the majority of scientific men that the eal,th, 
owing to its immense ext(}nt, although JlOS-

30 sessing conduct.ing propcI't.ies; does not be
luwe in tho manner of a conductor of limited 
dimensions with respec.t to the disturbances 
produced, but, on the contl'ar,V, mll:ch like a 
vast. I'eservoi I' or ocean, \vhich while it may be 

35 locally distUl'bed b,"a commotion of some 
kind remains unresponsive and quiescent in 
a large pat't or as a whole. Still anothel' ,fact 
now of common knowledge is that when elec
trical waves or oscillations'are impressed upon 

40 such a conducting-path as a metallic wire re
flection takes place under certain, conditions 
from the ends of the wire, and in consequence 
of the interfet'ence_of the impressed and re
flected oscillations t.he phenomenon of "sta-

-1-5 tionary waves" with maxima and minima in 
detinite tix~d,positioris ·is produced. In an,Y 
casethe exisbenc.eo£ these waves indicates that 
someLof~the outgoing waves have reached the 
boundaries of the coriducting-path and- have 

50 beeh reflected hom the same. Now 1 have 

discovered t.hat llotwit.hstnniling its nts(. di
mensions and cont.ral'\' to all ohsel'vations 
hel'etofol'e made the te'l'l'estriaI glolm lIlay in 
a larg'c pal't or as a ",hole bpha.\'(~ to\\,ltl'll dis
t'urbances impressed UPOll it ill t.lw sltllle man- 55 
ner as a condllctol' of limitnd size, this fact 
being demonstrat(~d by lIon,1 phmlomnnlt, 
which 1 shall hereinaftm' d<'.';;l:ri hi', 

In the course of eert.ain ill\'(~stigatiolls 
which I carl'ied on for the pUl'pOSP of st.ud'ying' 60 
the effects of light.ning dischargw, IIpon the 
electrical condition of t.he earth I o\)sen'ed 
that sensitive l'(~eei\"ing instrlllllentSltl'l'angt'd 
so as to be capable of respollding to {'l(~etril',al, 
dist.nrbances created hy t.he disclmrg'(ls at 65 
times faile(l to resl)()nd when tlwy should IllL\'e 
done so, and upon inqlliring into the callses 
of this unexpected behavior I discovered it to 
be due to the character of the pJpct.r'ical waves 
which wel'e lll'oclueec[ in t.he eart.h by the 70 

lightning dischltl'ges and wlrieh had nodall'e
gions following at definite distances the shift
ing source of t,he disturbances. From data 
obtained in a large number of obsp:rvations 
of the maxima and minillla of these waves I 75 
found their length to Vltl',V aplll'oximatel,v 
hom twenty-five to seventy kilomptct·s, and 
these results and certain theoret.ical,deduc
tions led me to the conclusion that waves of 
this kind may be propagated in all direetions 80 
'over the globe tllld that they may be of still 
more widel.v differing lengths, the ('xtremp,1 i m-
its being impose([ by the physical dimensions 
and properties of the mll'th, Rncogn izi ng in the 
existence of these waves an unmist.akable ed- 85 
dence that the disturbances cI'eated IHtd been 
eonducted from their OI'ig'in to the most re
mote llOrtions of the globe and had been 
thence I'effected, I conceived the idea of pt·o
ducing such waves in the earth by artificial 90 
means with the object of utilizing them f(w 
many useful purposes for which they are or 
might be found applicable, This lll'oblem 
was rendered extremely difficult owing to the 
immense dimensions of the planet, and conse- 95 
quently enormous mO\"elllent of electricity or 
rate at which electrical energy had to be de
livered in order to approximate, even in a re
mote degree, nlQ\Tements 01' rates which are 
manifestly attained in the displays of e1ec- 100 
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trical forces in nature and which seemed at 
first unrealizable hy any human agencies; but 
b.y gradual and continuous improvements of 
a generator of elect,rical oscillations, which I 

5 have described in In.Y Patents Nos. 645,576 
and 649,621, I finally succeeded in reaching 
electrical movements or rates of delivery of 
electrical energy not only approximating, 
but, as shown in many comparative tests and 

10 measurements, actually Rurpassing those of 
lightning discharges, and by means of this 
apparatus I have found it possible to repro
duce whenever desired phenomena in the earth 
the same as or similar to those due to such 

I S discharges. With the knowledge of the phe
nomena discovered by me and the means at 
command for accomplishing. these results I 
am enabled not only to carry out manyopera
tions by the use of known instruments, but 

20 also to offer a solution for many important 
problems involving the operation or control 
of remote' devices which' for want of this 
knowledge and the absence of these means 
have heretofore been entirely impossible. For 

25, example, by the use of such a generator of 
stationary waves and receiving apparatus 
properly placed and adjusted in any other lo
cality, howe-vel' remote, it is practicable to 
transmit intelligible signals or to control or 

30 actuate at will anyone or all of such appa
ratus for many other important and valuable 
purposes, as for indicating wherever desired 
the correct time ·of an observatory or for as
certaining the relative position of a body or 

35 distance of the same with reference to a given 
point or for determining the course of a mov
ing object, such as a vessel at sea, the distance 
traversed by the same or its'speed, or for pro
ducing many other useful effects at'a distance 

40 dependent· on the intensity, wave length, di
rection or velocity of movement, or other fea
ture or property of disturbances of this char-
acter. . ' 

I shall typicall,Y illustrate th~manner of ap-
4S plying my discovery by cW.8cribing one of the 

specific uses of the same-namely, the trans
mission of intelligible signals or messages be
tween distant points-and with this object, ref
erence is now made to the accompanying draw-

50 ings, in which-
Figure 1 represents diagrammatically the 

generator which produces stationary waves in 
the earth, and Fig. 2 an apparatus situated in 
a rHmote 10cality' for recording the effects of 

55 these waves. • 
In Fig, 1, A designates a primar.y coil form

ing part ofa transformer and consisting gen
erall,y of a few turns of a stout cable of inap
preciable, resistance, the ends of which are 

60 connected to the terminals of a source of pow
erful electrical oscillations"diagrammaticall,Y 
represented by B. This source is usuall,Y a 
condenser charged to a high potential and dis
charged in rapid succession through the pri-

65 mar,Y, as in a type of transformer invent'ed 

~. me and n()t well known; but when it is de
:;;ired to produce stationary waves of great 
lengths an alternating dynamo of suitable con
struction may be used to energize the primary 
A. C is it spirally-wound secondary coil with- 70 

in the primary having the end nearer to the 
latter conneded to the ground E' and the other 
end to an elevated terminal E. The physical 
constants of coil C, determining its period of 
vi bration, are so chosen and adjusted that the 75 
secondary system E' C E is in the closest pos
sible resonance with theoscillations impressed 
upon it b.v the primary A. It is, moreover, 
of the greatest importance in order to still 
further enhance the rise of pressure and to 80 
increase the electrical movement in the sec
ondary system that its resistance be as small 
as practicable and its self-induction_ as large 
as possible under the conditions imposed. 
The ground should be made with great care, 85 
with the object of reducing its resistance. 
Instead of being directl.v grounded, as indi
cated, the coil C may be joined. in series or 
otherwise to the primary A, in which case the 
latter will be eonnected to the plate E'; but 90 

be it that none or a part or all of the primary 
or excit,ing turns are included in the coil C 
the total length of the conductor from the 
ground-plate E' to the elevated terminal E 
should be equal to one-quarter of the wave 95 
length of the ele,ctrical disturbance in the sys-
tem E' C E or else equal to that length mul
tiplied by an odd number. This relation be-
ing observed, the te.t:minal E will be made to 
coincide with the points of maximum pres- 100 

sure in the secondary or excited circuit, and 
the greatest flow'of electricit.y will take place 
in the same. In order to magnify the elec
trical movement in the secondary as much as 
possible, it is essential that its inductive con- 105 

nection with the primar.y A should not be 
very intimate, as in ordinar.v transformers, 
but loose, so as to permit free oscillation
that is to say, their mutual induction should be 
smalL The spiral form of coil C secures this 110 

advantage, while the turns near the,primary A 
are subjected to a strong inductive action and 
develop it high initial electromotive force. 
These adjustments and relations being care
fully completed' and other constructive fea- I IS 
tures indicated rigorously observed, the elec
trical movement produced in the secondary 
system by the inductive action of the primal'.V 
A will be enormously magnified, the increase 
being directly proportionate to the inductance 120 

andfrequenc.v and inversely to the resistance 
of the secondary s.ystem. I have found it 
practicable to produce in this manner an elec
trical movement thousn.nds of times greater 
than the initial-that IS, the one impressed 125 
upon the secondary by the primary A--and I 
have thus reached activities or rates of flow of 
electrical energy in tire s,ystem E' C E meas
ured by many tens of thousaqds of horse
power. Such immense movements of elec- 130 



787,412 

t.ricit.Y give rise to a nll'iety of novel and I iyel.v to the ground and to an elevate(l tr'rmi
striking phenom'ena, among which arc those I nal and tuned to respond more efi'edin'l.v to 
already described. The powerful electrical: the oscillations. Another way is to COlllll't't 
oscillations in the system E' C E ueing com- I a tuned circuit to the ground at two poi IIts 

5 -municated to tJ)('~',"Olllld cause correspond- i lying more or less in a meridian passing' 70 
ing vibrations to be propagated to distant i through the pole E' 01', g'encmJIy stated, to 
parts of the globe, whence thc..\' are reflected; an,Y two )Joints of a ditfprent potential. 
and by interference with the outgoing' \-ilJnl- In Fig, 2 I have SilOWI1 a device for detect
tions produce stationary \Vl1\'es tJlP crests ing the pt'esence of the Wfwes such as I ha \"(~ 

10 and hollows of which lie in pal'aIlel ('il'e1es ! used in a nov~llllethod of mag'nif,ring: feehle 75 
relatively to which the grouml-plate 1<:' may: effects whieh I have described in 1lI,\' Patents 
be considered to be the pole. Stated other- Nos. 61:15,95:1 and 685,95;)_ It consists of ~1 
wise, the terrestrial conductor is thrown into cylinder lJ, of'insulating material, which is 
resonance with the oscillations illlpressp,d moved at a uniform rate of sJleed by clock-

15 upon it just like a wire. }\lore tban.this, a work or other suitable motive power and is Ro 
number of facts ,ascertn,ined by mr: cleady pro\'iclecl with two metal rings F F', upon 
show that t,he movement of electricity through which bear brushes II and 1/, connected, 1'1'-

it follows certain laws with nearl.v111athemat- specti\'ely, to the terlllinal plates P and 1". 
iral rigor. For the present it will be suffi- From the rings F J:;" extend narrow metallic 

~o cient to state that the planet behaves like a segments.< and s', which h,\,the rotation of 85 
perfectly smooth or polished conductor of in- the' cylinder Dare hrought alternat<'l.v into 
appreciable resistance with capacity and self contact with double hl'llslws I, and //, cal'J'ipd 
induction uniformly' rlistriuuteu along the bj' and in contact with cOllducting-hol(l('.I'sh 
axis of symmetry of wave propagation and and II:, supported in llIetallic bearings (; and 

~5 transmitting slow electrical oscillations with- G', as shown. The .latter are connected to 90 
out sensible distortion and attenuation. the terminals T and '1" of a condenser II, and 

Besides the above tht'ee l'er]uirelllents seem it should he understood that t,hey art' capabk 
to be essential to the establishment of the of angull1t· displacelllPnt as ordinary hl'ush
resonating' condition. supports. Thc object of lIsing two brushes, 

,0 Firsr.. Theelu·th'suiameterpassingthl'Ough as" and 1/, in t'ach of the holders II and It' is 95 
the pole should be an odd multiple of tlw to vary at will the dlll'ation of the electric con
(IUal'ter wave length-that is, of the ratio be- tact of the plates P and P' with the terlllinals 
tween the velocit.y of light·--and fourtimcs the T and '1", to which is ('olllwctc.(l a I'ccei\'ing
fre1luenc,V 04' the currents. circuit, inclw.ling a I'ccpiYPI' R and a devicp d, 

;5 Second. It is necessary to employ oscilla- pet'forming thu d llty of closing' the recei \'ing- 100 

tions in which the rate of radiation of energy circuit at predetermined intervals of time and 
into space in the form of hertzian or electro- discharging the stored enm'g'y thl'Ough the 1'('

magnetic wa\'es is \'el'Y small. To g'i\'e an ccivel'. In the present casn this d(wice con
idea, I wonld SIlY that the frequellc,Y should be sists of a c.dimlm' made partly ofcondllet.ing 

,0 smaller than twenty thousand pel' second, and partly of insulating material I' and ,,', re- 105 

though shorter waves might be pt'acticable. specti vely, which is rotated at tllP desired !'ate 
The iowest frequency would appeal' t.o he six of spee(l by any suitahle Ilwans. The con-
l)cr second, in which case there will be but ducting Plll't,,' is in good elnctrical connecLion 
one node, ator neal' thegrouml-plate. and, pl1r- with the shaft S and is prm-iderl with tapor-

5 adoxical as it may seem, the e_ffect will incrense ing segments ff', upon w,hich slidps a hrush 110 

with the distance and will be greatest in a k, supported on It conducting-rod I, capahle 
region diametrically opposite the transmittpr. of longitudinallllljllstment in a metallic SllP

With oscillat.ions still slowet· the elll'th, strictly 1l0l't /)1. Anothnr hl'l1sh, II, is IU'I'ang-p<! to b('ar 
speaking, wil! not resonate, bllt simply act as lIpon the shaft S, and it wi II hn seen that wlll'lI-

o a capacity, and the variation of potential will e\'el' one of the seglllPnts f' ('OIl]('S in contad J IS 
he more 01' ]Pss uniform over itscntiresurface. with the brush 1.' thp circuit including' the I'e

Third. The most essential requirement is, ceivcr R is compkted and tlw condenser dis
however, that irrespective of frequency the charg'Cll.thl'ough the same. By nn adjustmcnt 
wave or wave-train should continue for a cer- of the speed 01' rotation of the c,\'lil](lel' d and 

5 tain intel'val of time, which I have estimaterl a displacement of the brush 1., along' the c,rl- 120 

to be not less than one-twelfth or probably inder the circuit may be madc ,to upen a.nd 
0.08484 of a second am} ,which is taken in close in n,s rapid succession and relllain open 
passing to and returning from the region llia- 01' closed during- such int,ervals of time as may 
metricail.y opposite the pole over the earth's be Llesircd. The plates P and 1", through 

o surface with a men,n velocity of about fewr which the electrical ellergy is cOIlH,Ycd to the 125 

hundl'ed and seventy-one thousand two hnn- brushes ({ and It', may he at a considemhledis
<Ired and forty kilQm~ters pCI' second. tance from each otlinr in thn gt'olllHI 01' om' in 

The prcsence of the stat.ionary waves may the ground and the OOWI' in the ail', prel'PI'-
be detected in many wa'ys. For instance, a ably at SOIlW height. If bllt on(; platc is ('OIl-

S circuit may he connecteu directly 01' induct- neetcd to earth and the othel' maintained at all J 30 
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elenttion, thr 10r:11 ion of the allllfuatus 11111St ! nu',\"ill~!' tIl(' hong,th of the wan,s lIndnl' OiJSPIT

be determined \\"it:, :'cfel'cnce to the positioll : an('(' of tlJ(' abo\"(' l'('qlliI'Plll(,lIts, III thislllall
of the stationar,\" \IH\'eS establishCl1 by the I n('1' tl](' re~!'iolls of llJaxillJlllll alld lilillillllllll 
g'cneratol', the effect e\'i(lentl.y being' greatest e1l'eet mal' 1)(' Iliad!' t() ('oill('id(' Il'itlt all\' n~-

S in a maximum and ;.-;ero in a nodal region. : ceil'ing' ~tation or slatiolls, B,\" ill!])l'p~sing' IC 
On the other hand, if both plates be connect- uJlon the eal'th two 01' 11101'(', w;eillatiolls of 
el1 to earth the points of connection must be different wa\'(, IplJg,th a resultant stational',\" 
selected with reference to 1he difference of waH, Illav h(' l1lade to tml'pl :,;]()\\"h' u\"('r till' 
potential which it is desired to secure, the globe, aI~t1 tillts a great nll'ipL,\" or' usdlll d-

10 strongest effect being of course obtained when feds may be produced. E\'i(kllt.l,\" t hI' COllrs(~ 75 
the plates arc at a distance equal to half the of a I'essel ma.r be ea,'iil.v (jptl'rlllinl'd withollt 
wave length. tbe usc of a compass, as hy a circuit COnIW(:t-

In illustration of the operation of the sys- ed to thl' rarth at two points, for til<' eti'ri;l 
tem let it be assumed that altel'l1ating- c1ec- exerted upon til(' (·ircnit will he g'J"!'atpst, wht'n 

15 trical impulses from the generator are caused the plates P P' are lying' on a mel'ill ian pas~- So 
t.o produce stationary waves in the earth, as ing- throllgh g'J"olll1d-platp I~' ~lIld will 1)(' /,;; 
abovedeserihed, and that the receiving appa- when the platt's are I()(~atl'd at a paralll'l cir
ratus is properly located with reference to the de. If the nodal and I'pntrall'('gion~ are Illain
position of the nodal and vrntral regions of tainec1 in fix('d positions, the spced of a \'(',ssel 

20 the waves, The speed of rotation of the cyl- carrying a recei \'ing' apparatus may be exactl,\' '~5 
imler D is varied until it is made to turn.in computed hom ohse\'\'ations of thc llIaxima 
synchronism with the altel'l1ate impulses of and minima reg'ions suceessi\'ely traver~ed, 
the generator, and the position of the brushes This will be until'rsto()(1 when it i~ stated that. 
hand 1/ is adjusted by angular displacement the pro.iections of all t.1JP.llodes and loops on th(~ 

25 or otherwise, so that they are in contact with earth's d iallwtpr nassing' Lit rough thl' pole 01' 90 

the segments 8 and 8' c1uring the ljeriods when axis of ;';Ylllllwtr.\; of the wal'l' 11l0\'ellH'nt are 
the impulses arc at or near the maximum of all equal. lIence in any reg'ion at the sl1l'face 
their intensity. These requirements being the \ran~ Inngth can h(' ascel'tailwd frolll sim
fulHlled, electrical charges of the same sign pie rules of gcometl'.I', Conversely,I(JJ()wing' 

30 will be conveyed to each of the terminals of the wave length, tlwdi,.:tance from the SOUlTe 95 
tbe condenser, and with each fresh impulse it can be rnadil.r calculated. In like ways thn 
will be charged to a higher potential. The distance of one point from another, the lati
speed of rotation of the cylinder d being' ad- tude andlongitutie, the hOIlI", &c" may hpdc'-' 
just.able at will, the energy of any number of termin()(1 from the obscn'ation of such sta-

35 separate impulses may thus be accumulated tionary WtWCS, lJ' sonmd sl1ch g'ennratOJ's of 
in potential form and discharged through the stational'Y waves, preferahly of di ffen'nt 
receiver R upon the brush 7., coming in con- leng-t.h, were installpd in judiciously-spl('dl'ti 
tact with one of the segments .1". It will be local ities, the pn ti re g'lo be could lie ~\l htl i \' id('d 
undcrstood that the capacity of the condenser in l1efinitl' ;'-;OI1('S of ekctrie acti\'iLy, and sl1ch 

40 should be such as to allow the storing of a and ot.her illlPortant data (:()uld be at Of](;O oIJ
much greater amount of energy than is re- tainecl hy simple calel1lation or readings frOlll 

quired for the ordinary operation of the re- suitably-graduated instruments. :'vIan.\' otl]('r 
ceiver. 8ince by this method a relatively useful applications of Ill,\' disco\'(5J',Y will Sllg'
great a:l1()11r;t of energ.y and in a suitable fmm gest themsel yes, and in til is res[)('ct I do not 

45 may be made available for the operation of a wish to limit myself. Thl1s the ~pl'(:ilie plan 
receiver, the latter need not be very sensitive; herein dl'scl'ihed of producing Lhe statiollar,\' 
but when the impulses are very weak or when \VIt\'e~ might be departed froIYJ. For PX:tIll-

it is desired to operate a receiver very rap- pIc, the circuit which illl}lrl'Ss('s t.lw JlO\\'erflll 
idly any of the well-known sensitive devices oscillations uJlon the earth mig'ht b(~ connected 

50 capable of responding to very feeble influences to the latter at two points. I Il this applica
mas be used in the manner indicated or in tion I have advanced various impro\'Pllwnts 
other ways. Under the conditions describel1 in means and methods of producing and util-
it is evident that during the continuance of i;.-;illg' electrical elfects which pitlrel' in eOl1noc
thestat.ionar,vwaves the receiver will be acted t,ir,j, with my present. tlisc()ver.v 01' independ-

55 upon by current impulses more 01' less intense, ('nlly of the same may be usefllll,Y applied. 
according to its location with reference to the 1 desire it to be understood that sueh novel 
maxima and minima of said waves; but upon featuI'Cs as an~ not herein speeifieall.r claimed 
interrupting Q]'I reducing the flow of the CUI'- will form the suhjects of suhsequent applica
rent the stationary waves will disappear or tion's. 

60 diminish in intensity. Henceagn~atvariety What 1 now claim is-
of effects may be produced in a receiver, ac- 1. The improvement ill the art of transmit-
cording to the mode in which the waves are ting electrical energy to a distance which COI1-

controlled. It is practicable, however, to sists in establishing stationary electrical wa \'es 
shift the nodal and ventral regions of the in the earth, as set forth. 

65 waves at will from the sending-station, as by 2. The impl'ol'ement in tile art of t.ransmit-

IOC 
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ting electrical energy to a distance which con
sists in impressing upon the earth electrical 
oscillations of such character as to' produce 
stationar~' electrical waves therein, &s set 

5 forth .. 
3. The improvement in the art of transmit

ting and utilizing electrical enel'gy which con
sists in establishing Htationary electrical waves 
in the natural conducting media,. and operat
ing thereb.v one or morc receiving devices re
mote from the SOllrce of energy, ail set forth. 

4. The improvpment in the art of transmit
ting and utilizing electt'ical PIlerg'y which con
sists in establishing in the natural conducting 

15 med ia, stationary electrical w!wes of prede
tel'Iuined length and operating thereby one or 
more receivinguevices remote from the source 
of energ'.v ami properly located with respect 

to the position of· such waves, as her'ein set 
forth. 20 

5. The improvement 'in the art of transmit
ting and utilizing electrical energy, which con
sists in establishing in the' natural conduding 
media, stationary electrical waves, and vary
ing the length of such' waves, as herein ,set l 5 
forth. 

6. 'the improvement in the art of transmit
ting' and utilizing electrical energy, which con
sists in establishing in the natural conducting 
media stationary electrical waves and shifting 30 

the nodal and ventral regions of these wavcs, 
as described. 

NIKOLA TESLA. 
Witnesses: 

M. LAWSON DYER, 
BENJAMIN MILLER. 
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Application filed October 21, 1909. Serial No. 523',832. 

To all whom it may concern: in the dire~tion of movement. These effects, 55 
Be it known that I, NtKoLA TESLA, a citi- in themselves, are of daily observation, but 

zen of the Uni~, d States, residing at New I believe that I am the first to apply them in 
York, in the COUl~ty and State of New York, a practical and economical manner for im~ 

5 have invented certain new and useful Im- parting energy to or deriving It from a fluid. 
provements in Fluid Propulsion, of which The subject of this application is an in- 60 
the following is a full, clear, and exact de- ventioI! 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 as the ve- struction of the apparatus which I have de

hicle of energy, it has been demonstrated vised for carrying it out by reference to the 65 
that, in order to attain the highest economy, accompanying drawings which illustrate an 
the changes in, velocity and direction of 'operative and efficient embodiment of the 

. movement of the fluid should be as gradual same. 
15 as possible. In the present forms of such Figure 1 is a partial end view, and Fig. 

apparatus more or less sudden changes, 2 is a vertical cross section- of a pump or 70 
shocks and vibrations are unavoidable. Be- compressor constructed and adapted to be 
sides, the employment of the usual devices operated in accordance with my invention. 
for imparting energy to a fluid, as pistons, In these drawings the device illustrated 

20 paddles, vanes and blades, necessarily in- contains a runner composed of'a plurality 
troduces numerous defects and limitations of flat rigid disks 1 of a suitable diameter, 75 
and adds to the complication" cost of pro- keyed to a shaft 2, and held in position by a 
duction and maintenance" of the machine. threaded nut 3, a shoulder 4 and washers 5, 

The object of my present invention is to of the requisite thickness. Each disk has a 
2,5 o,vercome these deficien~ies in aPI?aratus de- number of central openings 6, the solid por

slgned for the propulSIOn of flUIds and to 'tions between which form spokes 7, prefer- 80 
effect thereby the transmission and trans- ably curved, as shown, for the purpose of 
formation of mechanical energy through the reducing the loss of energy due to the impact 
age,ncyof fluids in a more perfect manner, of the fluid. The runner is mounted m a 

,30 and by means simpler and more economical two part volute casing 8, haying stuffing 
·than those heretofore employed. I accom- boxes 9, and inlets 10 leading to its central 85 

, plish' this by causing the propelled fluid to portion. In addition a gradually widening 
move in natural paths or stream lines of and rounding outlet 11 is llrovided, formed 
least resistance, free from constraint and dis-' with a flange for 'connection to a pipe as 

35 turbance such as occasioned by vanes or, usuaL The casing 8 rests upon a Ease 12, 
kindred devices, and to change its velocity . shown only in part, and supporting the bear- 90 
and direction of movement by imperceptible ings for the shaft 2; which, being of ordinary 
degrees, thus avoiding the losses due to sud- construction, are omitted from the drawings. 
den variations while the fluid is receiving An understanding of the principle em-

40 energy. bodied in this device will be ga,ined from 
It is well known that a fluid possesses, the following description of its lli,)de of 96 

among others, two salient properties: ad- operation. Power being applied to the 
hesion and vi.scosity. Owing to these a body shaft and the runner set in rotation in the 
propelled through such a medium encoUIl- 'directi~n of the solid arrow the fluid by 

45 ters a peculiar impedim6nt known as." lat- reason of its properties of adherence and 
eraI" or "skin resistance",' which is two-viscosity, upon entering, thro\lgh, the inlets 100 
fold; one arising from the shock of the fluid. 10 and coming in contact with the disks 1 
against the asperities of the solid substance, is taken hold of by the same ILnd, subje;~ted 
the other from internal forces opposing -to two forces, one acting tangentially in the 

50 molecular separation. As an inevitable con- \lirection of rotation, and the other radially 
sequence, a certain amount of the fluid is outward. The combined effect of the.se tal1- 105 
dragged along by tm moving body. Con: gential and centrifugal forces is to propel 
versely, if the body be placed in a fluid in the fluid with continuously increasing ve- '." 
motion, f.or the same reasons, it is impelled locity, in a spiral path until it reaches the 
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outlet 11 from which it is eject~d. This i:lg, preferably, mounted on the ~I\me ~hl\ft. 
spiral movement, free and undisturbed and It should be added that the same end mav 
essentially dependent on the :properties of be attained. with one single rUIlBel' by suit
the fluid, permitting it to adJust itself to able deflection of the flmd through rotative 

5 natural paths or stream lines and to change or stationary passages. 70 
its velocity ani direction by :me1 l':lihle ae- The principles underlying the invcnj,ion 
grees, is characteristic of this method of are capable of embodiment also in that 
propulsion and advantageous in its applica- field of mechanical engineering which is 
tion. 'While traversing the chamber inclos-, concerned in the use of fluids fiS motive 

10 ing the rumWj', the particles of the fin1d agents, for while in some respects the ac- 75 
may complete one or more turns, or hnt [l tions in the latter case are directlv opposite 
part of one turn. In any given cnse their to those met with in the propulsion of flrrids, 
path can be closely calculated and grltph~- the fundamental laws applicable in the two 
cally represented, but fairly accurate e",h- cases are the same. In other words, the 

16 mate <If turns can be obtained simply' by rie- operation above described is reversible, for 80 
termining the number of revolutIOns re- if water or air under pressure be admitted 
quired to renew the fluid passing through to the opening 11 the runner is set ill rota
the chfimber and multiplying it by the rati(; tion in the direction of the dotted arrow by 
between the mean speed of the fluid and Feason of the peculiar propertie.,;of the fluid 

20 that of the disks. I have found that the which traveling in a spiral path and with 85 
quantity of fluid propelled in this manner continuously diminishing velocity, reaehes 
is, other conditions being equal, approxi- the orifices (j and 10 through which it is 
matelyproportionate to the active surface of discharged. 
the runner and to its effective speed. For When apparatus of the general character· 

26 this reason, the performance of such ma- above described is employed for the trans- 90 
chines augments at an exceedingly high rate mission of power, however, certain depar
with the increase of their size and speed of tures from structural similarity between 
revolution. transmitter and receiver may be necessary 

The dimensions of the device as a whole, for securing the best result. I have, there-
80 and the spacing of the disks in any given fore, included that part of my invention ~6 

machine will be d~termined by the condi- which is directly applicable to the . use of 
tions and requirements of special cases. It fluids as motive agents in. a separate appli
may be stated that the intervening distance cation filed January 17, 1911, Serial No. 
should be the greater, the larger the diam- 603,049. It may be here pointed out, how-

S6 eter of the disks, the longer the spiral path ever, as is eviden~ from the above consid- 100 
of the fluid and the greater its viscosity. In . erations, that when transmitting power from 
general, the spa~ing should be such that the one shaft to another by such machines, any 
entire mass of the fluid, before leavin,g: the desired ratio between the speeds of rota
runner, is accelerated to a nearly umform tion may be obtained by propel! selection of 

40 velocity, not much below that of the periph- the diameters of the disks, or by suitably 106 
ery of the disks under normal working con- staging the transmitter, the receiver, or both. 
ditions and almost equal to it when the out- But it may be stated that in one respec~ 
let is closed and the particles move in ron- at least,the two machines are essentially dif
centric circles. It ma.y also be pointed out ferent. In the pump) the radial ?r static 

.6 that such a pump can be made without open- pressure, due to centnfugal foroe, IS added 110 
ings and spokes in the runner, as by using to the tangential or dynamic, thus increas-
one or more solid disks, each in its own C1\,9- ing the effective head and assisting in the ex- . 
ing, in which form the machine will be pulsion of the fluid. In the motor, on the 
eminently adapted for sewage, dredgingnnd contrary, the first named pressure, being 

60 the like, when the water IS charged with opposed to that of supply, reduces the ef- 116 
foreign bodies and spokes or vanes espe- fective head and velOCIty of radial flow .to
cially objectionable. . ward the center. Again, in the pro~ed 

Another application of this principle machine a great torque is always desirable, 
which I have discovered to be not oruy this calling for an increased number of 

66 feasible, but thoroughly practicabl-e and effi- disks and smaller distance of separation, 120 
cient, is the u~ilizationof machines such as while in the propelling machine, for numer
above d~ribed for the compression or rare- ous economic reasons, the rotary e.orl 
faction of air, or gases in general. In8\lch should be the smallest and the speed the 
cases it will be found that most of the gen- greatest practicable. Many other ooosid-

60 eral considerations obtaining in tho case of erations, which will naturaHy ~ them- 125 
liquids, properly interpreted, hold true.' selves; may ailed the d~ign &D.a- construe
~en, i~pective of th~ character o~ the ti?n, but the p~ing is ~ought ~ CO!l

flmd, conSIderable al~es .. are desIred! tam all necessary information mthis re-
staging or compoun may be resorted to gard... . 

6b in the usual way the in 'vidual runners be- It will be understood that the principles 130 



1,061,142 8 

of construct.ion and operation above set forth, 
t~re capable (f embodiment in m~chines of 
the most widely different forms, and adapt. 
ed for the greatest variety of purposes. Iil 

5 the above, I have sought to describe and ex
plain only the general and typical applica
tiOllS of the principle which I believe I am 
the first· to realize and turn to useful ac
count. 

10 I do not claim in this application the 
method herein descrihed of imparting en
ergy to a fluid, having made that discovery 
1 he subject of a cQpemling applicat.ion Serial 
So. 735,D14. 

15 What r claim is: 
_ 1. A machine for propelling or imparting 
energy to fluids comprising in comhination 
a plul'ality of spaced disks rotatably mounted 
and having plane surfaces, un inclosing cas-

~'Ij ing-, ports of inlet at the central portion of 
sai<l easing and through which the fluid is 
adapted to be introduced to the axial por
tions of the disks, and ports of outlet at the 
ppl'iplll'ral portion of the casing through 
which the fluid, when the machine is driven 

by power, is -adapted to be expelled, as set 
forth. 

2. A machine for propellin~ or imparting 
energy to fluids, comprlsing m combination 
a volute casing provided with ports of in- 30 
1d and outlet at its central and peripheral 
portions, resp€cti vely, and a runner mounted 
within the casing and composed of spaced 
disks with plane surfaces haying openings 
adjaeent to the axis of rotation. 35 

3. A rotary pump, comprising in combi
nation a plurality of· spaced disks with, 
plane surfaces monnted on a rotatable shaft 
and provided with openings adjacent there-
to, a volute casing inclosing the said disks, 40 
means for admittmg a fluid into that por
tion of the casing which contains the shaft 
and an outlet extending tangentially from 
the peripheral portion of said casing. 

In testimony whereof I affix my signature 45 
in the presence of two subscribing witnesses. 

NIKOLA TESLA. 
'Witnesses: 

M. LA wsm, DYER, 
DRURY W. COOPER. 
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Tv all Itoho';' it may concern: 
Be it know:n that I, NIKOLA TEsT,A,a citi

zen of the United States, rf'Siding at New 
York, in the county and State of New York, 

5 have invented certain 'new and useful Im~ 
provements in Rotary Engines and 'rur
bines, of which the fonowing is nfuIl, c~ear, 
and exact description., 

In the practical application of mechani-
lOcal power. based on the use of fluid as the 

vehicle of enetgy; it has been demonstrated 
that, in order to attain the highest economy, 
the changes in. the veloc~ty and direction 
of moyement of the flUId should be as 

15 gradual as possible. In the forms of appa
ratus heretofore devised or proposed, more 
or less sudden changes, shocks and vibra
tions are unavoidable. Besides, the employ
ment of the usual devices for imparting to, 

20 or clerivih'g energy from a fluid, such as pis
tons, padctles,vanes and blades, necessarily 
introduces numerous defects and limitations 
and adds to the complication, cost of pro
duction and maintenance of the machines. 

25 The object of my invention is to over-
come these deficiencies and to effect the 
transmission and transformation of me
ch(Lnical energy through the agency of 
fluids in a more perfect manner, and by 

30 means simpler and 'more economical than 
those heretofore employed. I accomplish 
this by causing the propelling fluid to move 
in natural paths or stream lines of least 
resistance, free from constraint and disturb-

35 ance such as occasioned by vanes or kindred 
devices, an~ to change its velocity and di

, rectiop of movement by imperceptible de
grees, thus avoiding the lOsses due to snd
den variations while the fluid is imparting 

dO energy. ' 
It is well known that a fluid possesses, 

among others, two salient properties,' ad" 
hesion and viscosity. Owing to these a 
solid body propelled through 'such a medium 

45 enCOllllters a peculiar impediment kncfWn as 
"lateral" or" skin resistance," w,hich is tWfl

fold, one arising from the shock of the 
fluid against the asperities of the solid sub
stance, the other from internal forces op-

50 posing molecular separation. As aninevi
table consequence a certain amount of the 
fluid is dragged along by the moving body. 
Conversely, if the body be placed ina fhi.id 
in motion, for the same reasons, it- is im-. 

pened in the direction of movement. These 51\ 
effects, in t.hemselves, are of daily observa
tion, but I believe that I am the first to ap
ply them in a practical and economical man
ner in the propulsion of fluids or in their 
use as motiveagen.ts. ' 60 

lnan application filed by me October 
21st, 1909, Serial Number 523,832 of which 
this case is a division, I have illustrateci the 
principles underlying my discovery as em
bodied in apparatus designed for the pro- 65 
pUlsion of fluids. The same principles, how
ever, are capable of embodiment also in 
that field of mechanical en~neering which 
is concerned in the use of fluids liS motive 
agents, for while in certain respects the 70 
operations in the latter case are directly 
opposite to those met with in the propul- ' 
sion of fluids, and the means employed 
may differ in some features, the 'fundamen-
tal laws applicable in the two. cases are the 75 
same. In other words, the operation' is re
versible, for if water or air under pressure 
be admitted to the opening constituting the 
outlet of a pump or blower as described, the 
runner is set in rotation by reason of the 80 
peculiar properties of the fluid which, in 
its movement through the device, imparts 
its energy thereto. 

The present application~ which is a di
vision of that referred to, is speciaHy in- 85 
tended to describe and claim lllY discovery 
above set forth, so far as it hears on the nse 
of fluids as motive agents, as distinguished 
from the applications of the same to the 
propUlsion or compression of fluids. 9~ 

In the drawings, therefore, I have illus
trated only the form of apparatus designed 
for the thermo-dynamic conversion of en
ergy, a field in which the applications of 
the principle have the greatest practicli195 
value. , .' ( 

Figure 1 is a partial end view, and Fig. 
2 a vertical cross-section of a rotary engine 
or turbine, constructed and adapted to, be 
operated in accordance with the principles 100 
of my invention. 

The apparatus comprises a runner com
posed of a plurality of flat rigid disks 13 
of suitable diameter, keyed to a shaft 16, 
and held in position thereon by a threaded 105 
nut 11, a shoulder 12; and 'interm~diate 
washers 17. The disks have openings 14 
adjacent to the shaft and spokes 15, which 



maybe substantially straight. Fort'he sake 
of clearness, but a few disks,· with compara
tively wide intervening spaces, are illus-
trated. • 

The runner is mounted in a casing com-
o prising two end castin~s 19, which contain 

the bearings for the shaft 16, indicated but 
not shown in detail; stuffing boxes 21 and 
outlets 20. The end castings are united by 

10 a central ring 22, which is bored out to a 
circle of a slightly larger diameter than thnl 
of the disks, and has flanged extensions 23: 
and inlets 24, into which finished ports or 
nozzles 25 are inserted. Circular grooves 2fj 

15 and labyrinth packing 27 are provided 011 
the sides of the ,runner. Supply pipes ~8, 
with valves 29, are connected to the flanged 
extensions of the central ring, one of the 
valves being normally closed. 

20 Fot a more ready and complete under
standing of the principle of operation it is 
of advantage to conSIder first the acti()n3 
that take place when the device is used for 

- 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 sav 
, in a Clockwise direction. Neglecting, for the 

moment, those features of construction that 
make for or against the efficiency of the de-

30 vice as a :pump, as distinguished from a mo
tor, a flUld, by reason of its properties of 
adherence ana viscosity, u:pon entering 
through the inlets 20, and commg in contact 
with the disks 13, is taken hold of by the 

S5 latter and subjected to two forces, one act
ing tangentially in the direction of rotation. 
and the other radially outward. The com~ 
bined effect of these tangential and centrifu
gal forces is to propel the fluid with con-

40 tinuously increasing velocity in a spiral path 
until it reaches a suitable peripheral outlet 
from which it is ejected. This spiral move
ment,. free and undisturbed anq essentially 
,dependent on the properties of the fluid, per-

45 mitting it to adjust Itself to natural paths 
or stream lines and to 'change its :velocitv and 
direction by Insensible degrees, is a charac
teristic and essential feature of this principle 
of operation., . ' . 

50 While traversing the chamber inclosing 
. ~he runner, the particles of the fluid may 

complete one or more turns, or but a part 
of one turn, the path followed being capable. 
of close calculatIon and graJ?hic representa-

55 tion, but fairly accurate estllI).ates of turns 
can be obtained simply\ by determining the 
number of revolutions required to renew the 
fluid passing through the chamber and mul
tiplying it by the ratio between the mean 

60 ~speed of the fluid ll;nd that of the disks. I 
have. found that the quantity of fluid pro
pelled in this manner, is, other conditions be
mg equal, approximately proportionate to 
the ,active surface of the runner and to its 

65 effective 'speed. For this reason, th~ per,~ 

formance of such machines augments at an 
exceedingly high. rate with the increase of 
their size and speed of revolution. 

The dimensions of the device 3:S a whole, 
and the spacing of the disks in any given 70 
machine will be determined by the conditions ; 
and requirements of special caRes. ·It may 
be stated that the intervening distance ~hould 
should be the greater, the largerthe diameter 
of the disks, the longer the spiral path of 75 
the fluid and the greater its ViSCOSIty. In 

. general, the spacing should be such that the 
entire mass of the fluid, before leaving the 
runner, is accelerated to a nearly.uniform 
velo~ity, not much below that of the periph- 80 
ery of tJ;1e disks under normal working con
ditions, and almost equal to it when the out-
let is closed and the particles move in con
centric circles. 

,Considering now the converse of the above 85 
described' operation and assuming that fluid 
under pressure be allowed to pass through 
the valve at the side of the solid arrow, the 
runner will be set in rotation in a clockwise 
direction, the fluid traveling in a spiral path 90 
and with continuously diminishing velocity 
until it reaches the orifices 14 and 20, through 
which it is discharged. If the runner be al
lowed to turn freely, in nearly frictionless 
bearings~ its rim will attain a speed closely 95 
approximating the max,imum of that of the 
adJacent fluid and the spiral path of the 
particles will be comparatively long, consist
mg of many almost circular turns. If load 
is put on and the runner slowed down, the 100 
motion of the fluid is retarded, the turns are 
reduced, and the p'a th is shortened. 

Owing to a number of causes affecting the 
performance, it is difficult to frame a precise 
rule which would be generally applicable, 105 
but it may be stated that within certain 
limits, and other conditions being the same, 
the torque is directly proportionate to the . 
square of the velocity of the fluid relatively 
to the runner and to the effective area of the 110 
disks and, inversely, to the distance Reparat-
ing them. The machine will, generally, per
form its maximum work when the effective 
speed of the l1mner is one-half of that of the 
fluid; but to attain the highest economy~ the 115 
relative speed or slip, for any given perform- .' 
ancer should be as small as possible. This 
condition inay be to any desired degree ap
proximated by increasing the active area of 
lmd reducing the space between the disks. 120 

'Wnen apparatus of the kind described is 
employed for the transmission of power cer
tain departures from similarity between 
transmitter and receiver are necessary for 
securing the best results. It is evident that, 125 
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 the diame-
ters of the, dIsks, or by suitably staging the 130 
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transmitter, the receiver or both. But it 
may be pointed out that in one respect, at 
least, the two machines are essentially dif
ferent.· In the pump, the radial or static 

6 pressure, due to centrifugal force, is added 
. to the tangential or dynamie, thus increas

ing the effective 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 sU{lply, reduces the effective 
head and the .eloclty of radial flow toward 
the center. Again, in the propelled machine 
a great torque is always desirable. this call
ing for an increased 'number of 'disks and 

11) smaller distance of separation, while in the 
propelling machine, for numerous economic 
reasons, the rotary effort shou Id be the sma 11-
est and the speed the greatest practicahle. 
Many other considerations, which will nat-

!O mally suggest themselves, may affect the de
sign and construction, hut the preceding is 
thought to contain all necessarv informa-
tion in this regard. .-

In order to bring out a distinctiye feature. 
15 assume, in the first place. that the motin 

medium is admitted to the disk chamber 
through a port, that is a channel which it 
traverses with nearly uniform velocity. In 
this case, the machine will operate' as a 

10 rotary engine, the fluid continuously ex
panding on its tortuolls path to the central 
outlet. The expansion takes place chiefly 
along the spiral path, for the spread in
ward is opposed by the centrifugal force 

15 due to the velocity of whirl and by the great 
resistance to radial exhaust. It is to be ob
served that the resistance to the passage of 
the fluid between the plates is, approxi
mately,' proportionate to the square of the 

lO relative speed, which is maximum in the 
direction toward the center and equal to 
the full tangential velocity of the fluid. 
The path of least resistance, necessarily 
taken in obedience to a universal law of 

:~ motion is, virtually, also that of least rela
tive velocity. Next, assume that the fluid 
is admitted to the disk chamber not through 
a port, but a diverging nozzle, a device COll~ 
verting wholly or in 'part, the expansive into 

,0 velocity-energy. The' machine will then 
work rather like a turbine, absorbing the 
ener9:Y of kinetic momentum of the particles 
as they whirl, with continuously decreasing 
speed, to the exhaust. 

,6 The above description of the operation, I 
may add, is suggested by experience and ob-' 
seryation, and IS advanced merely for the 
purpose of explanation. The undeniable 
fact is that the machine does operate, both 

(.\ expansively and impulsively. When the ex
pansior, in the nozzles is complete, or nearly 
so, the fluid pressure in the peripheral clear
ance space is small; as th~ nozzle is made 
less divel'~ent and its section enlarged, the 

5 pressure rIses, finally approximllting that of 

~he su~ply. But the. transi~jon from purely 
ImpulSIve to expanSIve actIon may not be 
continuous throughout, on account of criti-
cal states and conditions and comparatively 
great variations of pressure may be caused 70 
by small changes of nozzle \~elocity. 

In the preceding it has been assumed that 
the pressure of supply is constant or con
tinuous, but it will be understood that the 
operation will be, essentially the same if the 75 
pressure be fluctuating or intermittent, as 
that due to explosions occnrring in more or ' 
less rapid succession. 

A very desirable featlll'r, characteristic of 
machines constructed and operated in ac- 80 
cordance with this invention. is their capa
bility of reversal of rotation. Fig.!. while 
illustrative of a special case, may 'be re
gar.ded as typical in this respect. If the 
right hand valve be shut off and the fluid 85 
supplied through the second pipe, the runner 
is rotated in the direction of the dotted ar
row, the operation, and also the performance 
remaining the same. as before. the c{'ntral 
~ing.being bored to It circle witll this purpose 90 
m VIew. The same result mav he ohtained 
,in many other ways by speei'ally (lesigned 
valves, ports or nozzles for re I'ersing the 
flow, the description of which is omittrd 
here in the interest of simplicity and cleal'- 95 
ness. For the same reasons IHit one opera
tive port or nozzle is illustrated ,vhich might 
be adapted to a volllte bllt ders not fit best 

, a circular bore. It will be understood that 
a number of suitable iplets ma~' be provided 100 
around the periphery jof thc runnel' to im
prove the action and that the constrnction 
of the machine may be modified in many 
ways. 

Still another valuable and probably 105 
unique quality of such motors or prime mov-
ers. may be described. By proper COllstrnc-
tion and observance of working conditions 
the centrifugal pressure, opposillg the pa:,
sage of the fluid, may, as already indicated, 110 
be made nearly equal to the pressnre of sup-
ply when the macll'ne is running idle. If 
the inlet section be large, small changes in 
the speed of revolutIOn will prodnce ·great 
differences in flow ,vhich are further en- 115 
hanced by the concomitant variations in the 
lrngth of the spiral path. A self-regulatinG' 
machine is th11s obta incd bearing a strikin~' 
re..semblanee to a direct-currcnt electric mo: 
tor in this resj)ect that, with great differences 120 
of impressed pressure in a wide open chan-
nel the flow of the fhud through the same is 
prevented by virture of rotation. Since the 
centrifugal head increases as the square of 
th,e revolutions] or even more rapidly, and 125 
WIth modern lugh grade steel great p;:riJ?h-
eral wloeitics are practicable, It is pOSSIble 
to attain that condition in a single stage 
machine, more readily if the runner be of 
large diameter. Obviously this problem is 130 



facilitated by compounding, as will beun~ 
detstood' by those skilled in the art.lrre
spective of Its bearing on economy, this tend
ency . which is, to a degree, commpn to 

5 motors of the above description, is of special 
advantage iIi the operation of large units, as 
it. affords a safeguard against running away 
and destruction. Besides these, such a prime 
mover possesses many other advantages, both 

10 constructive and operative.. It is simple, 
light and 'Compact, subject to but little wear, 
cheap and exceptionally easy to man.ufac
ture as small clearances and accurate mIlling 

. work are not essential· to good nerformance. 
15 In operation it is reliable, there beilJ.g, no 

valves, sliding contacts or troublesome vanes. 
It is almost free of windage, largely inde
pendent of nozzle efficiency and suitable for 
high as well as for low fluid velocities and 

20 speeds of revolution. 
It will be understood that the principles 

of construction and oneration above gener
ally set forth, are capable of embodiment in 
machines of the most widely different forms, 

25 and adapted for the greatest variety of pur
poses. In my present specification I have 
wught to describe and explain only the gen
eral and typical applications of the principle 
which I believe I am the first to realize and 

30 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 norts at the 

35 peripheral and central portions, respectively, 
of a rotor having plane spaced surfaces be
tween which the, fluid may flow in natural 
spirals and by a,dhesive and yiscous action 
impart its ener!YV Of moyement to the rotor, 

40 as described. 
2. A machine adapted to be propelled by 

a fluid, comprising a rotor composed of a 
plurality of plane spaced disks mounted on a 
shaft and open at or near the same, an in-

45 closing casing with a peripheral inle.t or in
lets, in the plane of the disks, and an outlet 
or outlets in its central portion, as described. 
" 3. A rotary engine adapted to be propelled 
by adhesive and viscous action of a continu-

50 ously expanding fluid comnrising in comb i-
'nation a casing forming a chamber, an inlet 
or inlets tangential to the periphery of the 
same, and ail outlet or outlets in its central 
portion, with a rotor composed of spaced 

disks mounted on a shaft, ~ Qpen-at-or4>_M: 
.near the same, a.s described.' .. .. : . ., .. ',,> ... 

~. A m~c~ine .ada.pted to .be {lropeUedpy:',' 
. flUId, consIstIng.m the combmatilon of a plll~ 
rality of disks mounted on a. shaf~ and 6i;iEU:i.'; , 
at or near the same, and an ·mclosmgcasmg; 60 
with· ports or passages of inlet and outlet; 
at the peripheral and Central, portions, r.e~' 
spectively; the disks being spaced to. forio: 
passages through which the fluid1.ijay flow, 
under the combined influence of iadialand 65 
tangential forces, in a natural spiral path .. 
from the periphery toward the axis of .:the 
disks, and impart its energy of movement to· 

. the same by Its adhesive and viscous action 
·thereon, as set forth. 70 

5 .. A machi~~ad~pted to. be propelled by 
.~ flmd COmprISI~g m combmat~on a plural
Ity of spaced dIsks rotatably mounted and 
having, plane surfaces, an inclosing casing 
and ports or Dassages of inlet and outlet ad- 75 
jacent to the periphery and center (}f the 
disks, respectivelv. as set forth. '. 

6. A machine adapted to oe. propelled by a 
fluid comprising in combination a. ru.nner 
composed of a plurality of disk!> having 80 
plane surfaces and mounted at intervals on 
a central sha.£t, and formed with openings 
near their centers, and means for admitting 
the propelling fluid into the spaces between 
the disks at the periphery and discharging it 85. 
at the center of .the same, as set forth. 

7. A thermo-dynamic conyerter, compris
ing in combination a series of rotatablv 
mounted spa.ced disks with plane surfaces, 
a~ inclosing ~asing, inlet ports at the pC-90 
rl1)heral portIOn and outlet ports leadmg 
from the central portion of the same, as set 
forth. . 

8. A thermo-dynamic converter, compris-
ing in combination a series of rotatably,95 
mounte¢l spaced disks with DIane surfaces 
and having openings adjacent to their cen-
tral portions, an inclosing casing, inlet ports 
in the peripheral portion, and outlet ports 
leading from the central portion of the same, 100 
as set forth. 

In testimony whereof I affix my signature 
in the presence of two subscrIbing witnesses. 

NIKOLA TESLA. 

"Witnesses: 
M. LA WSO:N DYER, 
WIll. BOHLEBER. 
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NIKOLA TESLA, OF NEW YORK, N. Y. 

FOUN'rA!l\T. 

1,113,7:110. SpecificatiOu of Letters l?ateJJ.t. 

Appiication filed October 28,1913. Serial No. 797,718. 

To all 'Whom -it may concern: 
Be it known that I, NmoLA TESJA,) a citi

zen of the 'United States, residing at New 
York, borough of Manhattan, county and 

" Slate of X eIV York, haYe im-ented certain 
new !Inti useful Impl'OI-Cl11ellts in Fountains, 
of ,,-hich the following' is a lull, dear, and 
exnd des(·!'iption. 

It has been clistom,II'V heretofore in fOll1l-
10 .bins and ilqnarian displays, to project 

spom:::;. :iet.~. or spmys of watH from suitable 
fix! Ilres. ('bielh for decorafi ve and beautify
in[2: pmposes.' Inval'inbly, the quantitv of 
the is,;lling f1uid \\"ilS :,;mall :mel the pleasing 

15 illll;ll't',.;sion on the ('Y8 IY:lS solely the resu.~t 
of the more or less artistie arrungement of 
t be strea mleis and ornament;,; 'employed. 
The present illyention is n departure from 
;-l1c!l pracbee in that it relies principally 

20 on the fascinating' ;,;pectac1e of a large mass 
of flui(1 in moiio'I! and the display of seem.
in!!l.'" f.tl'pat power. Incidentally. it permits 
the realization of beautiful and strikin'g 
... i('\Y~ through iUumination and the dispo-

;25 sitioll of Yolml1illons cascades which, more
over, Illay be applied to useful purposes in 
mtys llotpncticable with the old and fa
milial' cl('vice~. These objects are aecom
plishe(l by the displacement of a great 1'01-

so ume of fluid with il relatively small expendi
ture of 81lel'l:'Y in the production and mainte
nance of H veritable waterfall as distin
gnishec1 from a inel'e spout, jet or spray. 

The nnclerlying idea of the iuvention can 
35 be canied out by apparatus of ,yiclely varied 

'design, but in t.he present instance the sim
plest forms, of which I am aW~tre, are shown 
as embO(lirneI)ts of the principle involyed. 

In the acctJmpaliying drawing, Figure 1 is 
40 a top plan and Fig. 2 a vertical central sec

tional view of:in appliance which I haye 
Ile\'ised foJ.' the purpose. Fig, 3 and Fig. 4 
i:llus.trate tml'€sponding views of a similar 
device of lUnch simpler construction, 

4J5Referring to the first, 1 represents a re
ceptacle of any suitable material, as metal, 
glm;s, porcelain, marble. cement or. other 
compound. with :t celltral hub 2 and a coni
cal conduit il, fh,.ec1 out at the top and pro-

50 \·j(Iec1 with openings 'I at the bottom, Tn 
the hub :2 is illseried a shaft;:; rotatttbly s'up
port('(l on ball bearings G and carrying al 
its lov.-el' end a friction p1l11ey or ,gear wheel 
7, To the npper end of the shaft is fastened 

55 a casting 8, preferably of some non-corrosi I'e 
1),11oy, with blades \) COIlEitituting a screw 

"'hich is ShOWI1 in this instance itS the best 
kno,rn propelling device; hnt it ivill be Ull
<lerstood that other means maybe einployed. 
A lllotOI' 10 is snitablv mounted so as to ilO 
tl'all~mi( i'll1'<H!glt ",he;l 11, by friction or 
othel'\\"ise, power to the pulley 01' wheel 7. 
Upe1lings ,1. may he covel'ell with removable 
i:rrai fl('I'S a ud receptaeles 1 may he provided 
10ith COIll'enil'nt cOllllections, respectively: B:; 
for cleaning and renewing the liquid. It is 
thought Ullnecessary to show these attach
ment,; ill the drawing. 

Tlir operation will be readily nndcrstood. 
Receptacle 1 being filled to tbe proper level i J 
with waier nt' other fiuid, rmer the power 
turned on, the propeller bJades £) are set ill 
rotat~on am! tl!c f1uid. drawn through the 
opcnmg;,; :J. IS ·lIfted to the horizontal flared 
out top of .conduit g uutil it oyel'flOWfi in the '/' 
form of a Circular cascade. 

fn on{ej' to pJ'ewnt the wetting of the 
ben rings of ~;haft iJ, the: central hl{b 2 of re
ceptacle 1 1S made to project ahove conduit 
3. The latter is funnel shaped fOl'reasol1s?J 
of ecorlOm}" aJl(l alsofol'·the purpose of re
dllcing the speed and seem'ing a smooth and 
even O\-e1'£low. As the li.ft is inconsiderable. 
little power is needed to keep in motion ~ 
great Yolmne,of wnter and t.he impression .,j. 

produced on the observer is very striking. 
'With the "ie,(- of still further economizing 
ener,!!y, the bottom of receptacle 1 may he 
sh:tpe(l as indicated by the dotted lines .12, 
in Fig. 2 EO as to increase the veloc.ity at the SJ 
i ni:d,e of the propener. 

To ('oil'l'ey an idea of the results obtl1,in-
abl.e with it small apparatus, properly de
signed, it may be state4 that by applying 
o!ll~· 1/25 d' n horse-power to the shaft Rnd 9~ 
assnming n lift of eighteen inclws, more 
than one hundrpd gaJlons per minute may 
be propelled, the depth of the fluid passing 
oyer the tlarerl top of conduit il, one foot in 
(li:uneter, lwing- nearly one-half inch. As 108 
the eirenlntiou is c'[h'f'mely rapid the total 
qwmtity of Ijquict reqllired is comparat~vely 
sma 11. Ah()l1t one tpnth of that del iyered per 
minute ".jll be, generally, sui11cient. Such a 
cascade p]'e.~eIlts a singularly attraetire ap- 105 
peal'RnCe :/D(l thit; feature may be still fnr
thel' enlwn('ed by nrti.stic grouping of p~ants 
or other object,~ around it, in which case 
the whole contl'iYance may be hidden from 
vie\\'. Parti(,ularly be:mtifnl displays, how- 110 
eyer, are ol)tninable by illumination which 
nUl)' be carried out iI:t many ways, To 
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h.eighten the effect, a colored, opalescent or 
phosphorescent fluid may be employed. 
Steril,izing, aromatic or radio-active liquids 
may also be used, when so desired. The 

5 nsual fonntains are objectionable in many 
places on account of the facility they afford 
for the breeding of insects. The apparatus 
described not only makes this, impossible 
but is a yery efficient trap. Unlike the old 

10 device~ in which only a very small, volume 
of water is set in motion, such a waterfall is 
is highly effective in cooling the surr'ound-. 
ing atmosphere. To still improve this ac
tion the free end 13 of the rotating shaft 

15 may' be utilized to carry any kind of fan. 
The water may, of course, be artificially· 
cooled. 

The device described may be modified in 
many ways and also considerably simplified. 

20 For example: the propeller may be fixed di
rectly to the shaft of the motor and the 
latter supported conveniently from above 
when many of the parts illustrated in Fig. 1 

. and Fig. 2 m~y be dispensed with. In fact, 
25 receptacle 1 ItseH may be replaced by an 

independent tank or basin so that the entire 
apparatus will only consist of a funnel 
shaped condujt, motor and propeller as a 
unit. Such a constructi6n is shown in Fig. 

30 3 and Fig. 4: in which 3 is a conical vessel 
provided with intake openings 4: and rest
ll1g on a substantial base. A motor 14, car
rying on a strong shaft 5 a propeller' 9, is 
fixed to supports 15 which extend from the 

35 inner side of conduit 3 and may be integral 
with the' same. Obviously, to insure per
fect ,vorking the weight of the moving parts 
and axial reaction 01 the propeller should 
be taken up or balanced as by a thrust bear-

40 ing 16, or other mei!-ns. 
Apparatus of this description is especially 

intended for nse in open basins' or reservoirs 
in which it may be placed and put in action 
at short notice. 'When it is desired to pro-

45 duce ~arge and permanent waterfalls the 
condUIt 3 may be formed by masonry. of 
appropriate archit :tural desigv. 

The invention has an unlimited field of 
nse in private dwellings, hotels, theaters, 

50 concert halls, hospitals, aquaria and, par-' 
ticnlarly, in squares, gardens and parks in' 
whkh it may be carried out on a large scale 
so as to nfford a magnificent spectacle far 
more c;uptivating and stimulating to the 

55 public than the 'insign.ificant di.splays now 
in use. . 

I am well aware that artificial water falls 
have heretofore been exhibited and thatfoun
tains in which the same water is circulated 

60 are old and well known. But in all such 
cases independent pumps of small volumet-

ric capacity were used to raise the water to 
,.an apprecIable height which involved the 
expenditure' of considerable energy, while 
the spectacle offered.to the eye was uninter- 65 
esting. In no instance, to my knowledge, 
has a great mass of fluid been propelled by 
the use of only such power as is required to 
lift it from its normal level ·through a 
relativelv short space to that from which 7L 
it overflows and descends as a cascade, nor 
have devices especially adapted for the pur
pose been employed. 

What I claim is: 
1. An artificial fountain consisting of an 75 

unobstructed conduit having an elevated 
oyerflow and adapted to be set in a body of 
,Yater, and a propelling device for main
taining a rapi<1 circulation of the water 
through t.he conduit. 80 

2. An artificial fountain comprising in 
combination an unobstructed conduit having 
an eleyuted oycrflow and adapted to be set 
in .11, body of fluid. 11 propeller within' the 
conduit for maintaining a rapid circulation 85 
of the fluid through the same, and a motor 
for driving the propeller. 

3. The artificial fountain herein de
scribed, comprising in combination a re
ceptacle, a central hollow conduit with an 90 
elevated overflow placed therein, a propeller 
within the conduit, and a motor for driving 
the propeller~ so as to maintain a rapid cir
culation of fluid through the conduit. 

4. The artificial fountain herein de- 95 
scri1!ed, comprising in combination, a re
ceptacle, a conduit with elevated overflow 
set tperein, a central hub extending up 
through the conduit, a rotary shaft extend-
ing: tlwl'cthrough, and a propeller carried 100 
by the shaft for maintaining a rapid circu
lation of fluid through the conduit. 

5. An artificial fountain comprising in 
combination with an unobstructedpftssa~e 
'from the normal to the eleva~d fluid levelS, 105 
of a propeller for maintaining a rapid cir
cillation of the fluid through such passage 
anfl prodU(~ing thereby a cascade with the 
expenditure of-little energy. 

6. An artificial··fountain comprising a 1Hl 
funnel shaped conduit adapted to oe set in 
a body of. fluid, and having openings near 
the lower end, and a propeller supported 
within the conduit find adapted when in 
operation to maintain a rapid circulation 115 
of water through the same. In testimony whereof I affix my signa,tlU'tl .. 
in the presence of two,subscribin;:?: witnesses. 

. N:{KOLA TESLA. 
'Witnesses: 

M. LAWSON DYAR. 
. WM. BOHLEBER. ' 
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To all whom it may concern: 
Be it known that I, NIKoLA TEsLA, aciti

zen of the United States, residing in the 
borough of Manhattan, in the city, county, 

6 and State of New York, have invented cer
tain new and useflu Improvements in Appa
ratus' for Transmitting Electrical Energy, 
or which the following is a specification, ref
erence being had to the drawing accom-

10 panying and forming a part of the same. 
In endeavoring to adapt currents 01' dis

charges of very high tension to various valu
able uses, as the distribution or energy 
through wires from central plants to distant 

15 places of consumption, or the transmission 
of powerful disturbances to great distances, 
through the natural or non-artificial media, 
I have encountered difficulties in confining 
considerable amounts of electricity to the 

20 conductors and pre,~enting its leakage over 
their supports, or its escape into the ambient 
air, which always takes place when the elec
tric surface density reaches a certain value. 

The intensity of the effect of a transmit
. 25/. tj;r,\g circuit with a free or elevated terminal 
. is proportionate to the quantity or electric

ity disRlaced, whicli is determined by the 
product of the capacity of the circuit, the 
pressure, and the frequency of the currents 

30 employed. To produce an electrical move
ment of the required magnitude it is de
sirable to charge the terminal as highly as 
possible, for while a great (luantity of elec
tricity may also be displaced by a large 

35 capacity charged to Imv presslll'e, there are 
disadvantages met with in many cases when 
the former is made too large. . The chief of 
these are due to the fact that an increase of 
the capacity entails a lowering of the fre-

40 quency of the impulses or discharges and a 
diminution of the energy of vibration. This 
will be understood when it is borne in mind, 
that a circuit with a large capacity behaves 
as' a slackspring, where'as one with a small 

45 capacity acts like a stiff spring, vibrating 
:inore vigorously. Therefore, in order to 
attain the highest possible frequency, which 
for certain purposes is advantageous and, 
apart from that, to develop the greatest 

50 energy in such a transmitting circuit, I em
ploy a terminal of relativeiy small capacity, 
which I charge to as high a pressure as prac
ticable. To accomplish this result I have 
found it imperative to so construct the ele-

55 vated conductor, that its outer surface, on 

which the electrical charge chiefly acclimu
lat~s, has itself a large radius of curvature, 
or IS composed of separate elements which 
irrespective of their own' radIUS ofcurva~ 
ture, are arranged in close proximity to each .60 
other and so, that the outside ideal surface 
enveloping them is of a large radius. Evi
dently, the smaller the radius of curvature 
the greater, for a given electric displace
ment, will be the surface-density and, con- 65 
sequently, the Imver the limiting pressure to 
which the terminal may be charged without 
electricity escaping into the air. Such a 
terminal I secure to an insulating support 
entering more or less into its interior, and I 70 . 
likewise connect the circuit to it inside or, 
generally, at points ,,,here the electric den~ 
sity is small. This plan of constructing and 
supporting a highly charged conductor I 
haye found to be of great practical impor- 75 
tance, and it may be usefully applied in many 
ways. 

Referring to the accompanying drawing, 
the' figlll'e is a view in elevation and part 
seetion qf an improved free terminal and 80 
circuit of large surface with. supporting 
structure and generating apparatus. . 

The terminal D . consists of a suitably 
shaped metallic frame, in this case a ring of 
nearly circular cross section, which is cov- 85 
ered with half spherical metal plates P P, 
thus constituting avery large conducting 
surface, smooth on all places where the elec
tric charge principally accumulates. The 
frame is carried by a strong platform ex- 90 
pressly provided for safety appliances, in~ 
strmnents of observation, etc., which in turn 
rests on insulating supports F F. These 
should penetrate far into the hollow space 
formed by the terminal, and- if the electric' 95 
density at the points where they are bolted -
to the frame is still considerable, they m!1Y 
be specially protected by conducting hoods 
asH. 

A part of the improvements which form 100 
the subject of this specification, the trans
mitting circuit, in its general features, is 
identical with that described and claimed in 
my original Patents Nos. 645,576 and 649,621. 
The circuit comprises a coil A which is in 105 
close .inductive rel"ation with a primary C, 
anclJln:eend q£ which is connected to. a 
ground-plate E, while its other end is led 
through aseparateself-ind:uction coil Band 
a metallic cylinder B' to the terminal D. Ip 

... ' , 
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The connection to the latter . should always latter is in the torm ot.3, cylinder with 
be Inade at, or near the center, in order to smooth or polished surface of a radius much 
secure a symmetrical distribution of the cur- larger than that of the half spherical ele
rent~ as otherwise, when the frequency is ments P P, and widens out at the bottom 

5 very high and the flmv of large volume, the into a hood H, which should be slotted to 7:) 
performance of the apparatus might be im- avoid loss by eddy currents and the pur
paired. The primary C may be excited in pose of which will be clear from the fore-' 
any desired manner, from a suitable source going. The coil B is ,wound on a frame or 
of currents G, which may be an alternator drum D1 of insulating material, with its 

10' or condenser, the important' requirement turns close together. I have discovered that 15 
being. that the resonant condition is estab- when so wound the effect of the small radius 
lished, that is to say, that the terminal D is of curvature of the wire itself is overcome 
charged to the maximum pressure developed and the coil behaves as a conductor of large 
in the circuit, as· I have specified in my radius of curvature, corresponding to that 

15 original patents before referred to. The ad- of . the drum. This feature is of consider- 8.1 

justments should be made with particular able practical importan<;e and is applicable 
care when the tr~nsmitter is one of great not only in this special instance, but Jfen- . 
power, not only on account of economy, but. eraIly. For example r such plates at Jt:" P 
also in order to avoid danger. I have'shown of terminal D, though preferably of large 

20 that it is practicable to produce in a resonat- radius of curvature, need not be necessarily 85 
ing circuit as E A B B' D immens,e electri- so, for provided only that the individual 
cal activities, measured by tens and even pl~tes or elements of a. high potential con- . 
hundreds of thousands of horse-power, and ductor or terminal are arranged iii prox-
in such a case, if the points of maximum imity to each other and with their outer 

25 pressure should be shifted below the ter- boundal~ies along an ideal symm.etriqal en- 90 
minal D, along coil B, a ball of fire might veloping surface of a large radius of curva
break out and destroy the support F or any- ture, the advantages of the inv'ention will 

~ thing else in the way. For the better ap- be more or less fully ~ealized. The lower 
preciation of, the nature of this danger it end of the coil B-which,. if desired, may 

30 should be stated, that the destructive action . be extended up to the terminal D-snould 95 
may take place with inconceivable viqlence. be· somewhat below the uppermost tUrn of 
This w..~llcease to be surprising when it is coil A. This, I find, lessens the tendency of 

'borne in mind, that the entire energy accu- the charge to break out from the wire con
mulated in the excited circuit, instead of re- necting. both and to pass along the sup-

35 quiring, as under normal working condi- port F'. ~ 100 
. tions, one quarter of the period or more for Having described my invention, I claim: 
its transformation ·from static to kinetic 1. As a means for producing. great elec-
form, mfty spend itself in an incomparably trical activities a resonant circuit having 
smaller interval of time, at a rate of many its outer gonducting boundaries, which are 

40 millions of horse power." The acCident is charged to a high potential, arranged in 105 
apt to occur when, the transmitting circuit surfaces of large radii of curvature so as 
being str:ongly excited, the impressed oscil- to prevent leakage of the oscillating charge, .~ 
lations' upon it are caused, in any manner substantially as set forth. . 
more or less sudden, to be more rapid than 2. In apparatus for the transmission of 

45 the free oscillations. It is therefor~ ad- electrical energy a circuit connected to 110 
visable to begin the adjustments with feeble ground and to an elevated terminal and 
and somewhat slower impressed oscillations, having its outer conducting boundaries, 
strengthening and quickening them grad- which are subject to high tension, arranged 
ually, until the apparatus has been brough~ in surfaces of large radii of curvature sub- . 

50 under . perfect. control. To increase the. stantially as, and for the purpose described. ll'~ 
safety., I provide on a convenient place, pre£- 3. In a plant for the transmission of elec-
erably on terminal D, one or more elements trical energy without wires, in combfuation. 
or plates either of somewhat smaller radius with a primary or exciting circuit a sec.ond
of curvature or protruding more or less be- ary connected to ground and to an elevated 

5~ yond the others (in which case they may ___ be terminal and having its outer conducting 120 
of larger radius of curvature) so that, should· boundaries, which are charged to a high 

. the pressure rise to a value, beyond'which it potential,arranged in surfaces oHarge radii 
is not desired to go, the powerful discharge of curvature'~for the purpose or preventing 
may dart out there and lose itself harmlessly leakage and loss of energy, substantially as . 

60 in th(' air. Such a plate, performing a func- set forth.. - 125 
tion similar. to that of a safety valve on a 4., Asa means! for transmitting electrical 
high pressure reservoir, is indicat,!ldat V. energy to Ii, distance through .. the. natural 

Still 'further extending the~ principles media a grounded resonant Clrcmt,com-
5 ~derlying my invention, special reference . prising a part upon which oscillations are . 

6 IS made to COlI Bandconductor B. The impressed and another for rai,sing the ten- 130. 
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sion, having its outer conducting boundaries 8. A wj.reless tra.nsmitter coillprising in 30 
on which a high tension charge accumulates combination a source of oscillations as a 
arranged in surfaces of large radii of curva- condenser,a primary exciting circuit and a. 
ture, substantially as descriLed. secondary grounded and ~levated conductor 

5 5. The means for producing excessive the outer conducting boundaries of which 
electric potentials consisting of a primary are in proximity to each other and arranged 35 
exciting_circuit and, a resonant' secondary in surfaces of large radii of curvature. 'sub-
having its outei' conducting elements which stantially as described. , , 
are subject to high tension arranged in pFOX- ' 9. In apparatus for the transmission of 

10 imity to each other and in surface!> of large electrical energy without wires an elevated 
radii of curvature so as to prevent leakage conductor or antenna having its outer high 40 
of <the charge and attendant lowering of po- potential conducting or capacity elements 
tential, substantially as described. arranged in proximi~;r to each other and in 

6. A circuit comprising a part upon which surfaces of large radn of curvature so as to 
15 oscillations are impressed and another part overcome the effect of the small radius of 

• > for raising the tension by resonance, the curvature of the individual elements and 40 
latter part being supported on places' of low leakage of the charge, as set forth. 
electric density and having its outermost 10. A grounded resonant, transmitting 
, conducting boUndaries !lrranged in surfaces circuit having its outer conducting bound-

20 of large radii of curvature, as set forth. aries arranged' in surfaces of large radii 
, '7., In apparatus for the transmission of of curvature in combination with an ele- ' 50 
electrical' energy without wires a grounded vated terminal of great surface supported 
circuit the outer conducting elements of' , at points, of low electric density, substan
which have a great aggregate area and are tially as described. 

23 arranged in surfaces of large radii of curva- NIKOLA TESLA. 
ture so as to ,permit the storing of, a high 
charge at a small electric density and pre-, 
vent loss through leakage, substantially as ~ 
described. " , 

Witnesses: 
M. LAMSON DnlR,
RICHARD DoNOVAN. 

-
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'1'0 all whom it may concem: 
Be it known that I, NIKOLA TJl:sLA, a citi

zen of the United States, residing at New 
York, in the county and State of New York, 

5 have invented certain new and useful Im
provements in Speed-Indicators, of which 
the following is a full, clear, and exact de
scription. 

In the provision of speed indicators, that 
10 give direct readings of rate of motion,

for example shaft speeds in terms of revolu· 
tions per minute or vehicle speeds in miles 
per hour-it is obviously important that the 
instrument be simple, mexpensive and du-

llS rabIe, and that its indications be correct 
throughout a wide range of speed. Likewise 
it is very desirable that its operation, shall 
be subject to little or no appreciable devia
tion from accuracy under normal or ex-

20 pected extraneous changes, such as those of 
atmospheric density, temperatute, or mag
netic influence, in order that the structure 
may be free from any complications inci
dent to the employment of specific means 

21S compensating for such varyin~ conditions. 
My present invention supplies a speed 

measurmg appliance amply satisfying com
mercial demands as above stated, in a stnlc
ture wherein the adhesion and viscosity of 

SO a gaseous medium, preferably air, is utilized 
for torque-transmission between the driving 
and driven members. 

More partiCUlarly, my invention provides 
a. rotatable primary and a mechanically re-

31S slstant or biased pivoted secondary element, 
cooperating through an intervening fluid 
medium to produce, inherently, without the 
u~ of compensating instrumentalities, 
angular displacements of the secondary ele-

40 ment in linear proportion to the rate of rota
tion of the primary, so that the reading 
scale may be uniformly graduated. This 
latter advantage is secured through the ap
plication of novel principles, discovered by 

.lj,1S me, which will be presently elucidated. 
In investigating the effects of fluids in 

motion upon rotative systems I have ob~ 
served that under certain conditions to be 
hereafter defined, the drag or turning 

ISO effort exerted by the fluid is exactly pro-
'portionate to its" velocity relative to the 
system. This, I 'have found to be true of 
gaseous and liquid media, with the distinc
tion however, that the limits within which 

SIS the law hold~ good are narrower for the 

lutter, especially so when the sJ>ecific gravity 
or the viscosity of the liquid IS great. 

Having determined the conditions under 
which the law of proportionality of torque 
to speed (rather than to the square' of the, 60 
speed or to some higher exponential func
tion of the same) holds good, I have applied 
my discoveries in the production of new de
vices~ssentially indicators of speed but 
having wider fields of use-which are, in 65 
many aspects, superior to other forms of 
speedometers. 

Specifically I have devised rate-of-motion 
indicators which comprise driving and 
driven members with confronting, closely- 70 
adjacent, noncontacting, smooth,annular 
surfaces of large area, coacting in the trans
mission of torque through the viScosity and 
adhesion of interposed thin films of air,
mechanical structures offering numerous '71S 
constructive and operative advantages. 
Furthermore, by pro~erly designing and co

,ordinating the essentIal elements of such in
struments I have secured substantiaf linear' 
proportionality between the deflections of 80 
the indicating or secondary element and the 
rate of rotation of the driving or primary 
member. ' 

The conditions more or less indispensable 
for this most perfect embodiment of my in- 81S 
vention-that is to say, embodiment, in a 
speed indicator, approximating rigorous 
linear proportionality of deflection to speed
are: 

1. The arrangement should be such that 90 
the exchange of fluid acting on the system 
is effectively prevented or minimized. If 
new fluid were permitted to pass freely be
tween the elements there would be, as in a 
pump, with the rise and fall of velocity, 91S 
corresponding changes of quantity and the 
torque would not vary directly as the speed, 
but as an exponential function of the same. 
Broadly speaking, such provision as is com
monlv made in hydraulic brakes for free cir- 100' 
culation of fluid with respect to the rotative 
sy.stem, with the attendant acceleration and 
retardation of the flow, will generally pro-
duce a torque varying as the square of the 
speed, subject however; m. practice, to in- lOIS 
fluences which may cause it to change ac
cording to still higher powers. For this 
reason confinement of the fluid intervening 
between the primary and secondary elements 
of the system so that such active, torque- 110 
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transmitting medium may remain resident, 
and not be constantly renewed, is vital to 
complete attainment of the desired linear 
pro}X>rtionality. 

i 2. The spaces or channels inclosing the ac
tiyc medium should be as narrow as prac
ticable, although within limits this is reIa
tiYe, the range of. effective separation in
creasing with the diameter of the juxtaposed 

10 rotative surfaces. My observations have es
tablished that when 'the spacing is so wide 
as to accommodate local spiral circulation 
in the resident fluid between the confront
ing areas, marked departures from,rigorous 

15 proportionality of torque to speed occur. 
Therefore in small instruments with pri· 
mary members of but few inches diameter, 
it is desirable that the channels should be as 
narrow as is mechanically feasible with due 

20 regard to the importance of maintaining the 
noncontacting relation of the rotative parts. 

3. The velocity of the fluid relative to the 
system should be as small as the circum
stances of the case will permit. When a gas 

25 such as air is the active medium, it may be 
100 feet per second or even more, but with 
liquids speeds of that order cannot be used 
without detriment. 

4. The bodies exposed to the action of the 
30 fluid should be symmetrically shaped and 

with smooth surfaces, devoid of corners or 
projections which ~ive rise to destructive 
eddies that are partIcularly hurtful. 

5. The system should be so shaped and 
35 disposed that no part of the moving fluid ex

cept that contained in the spaces or channels 
can effect materially the torque. 1£ this 
rule is not observed the accuracy of the inc 
strument may be impaired to an apprecia-

40 ble degree, 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 external surfaces) 

45 proportional to an exponential function of 
the speed. Hence it is desirable that by a 
closely investing casing, or other means, the 
torque-transmitting effect of flu~d outside of 
the channels between the rotatIve parts be 

50 minimized. 
6. In general the flow of the medium 

should be calm and entirely free from all 
turbulent action. As soon as there is It 

break of continuity the law above stated 
55 is violated and the indications of the device 

cease to be rigorously precise. 
These requirements can be readily ful

filled and the above discoveries applied to a 
great many valuable uses, as for indicating 

60 the speed of rotation or translation, respec
tively, of a shaft, or a vehicle, such as an au
tomobile, locomotive, boat or aerial vessel; 
for determinint:!: the velocity of a fluid in 
motion; for measuring the quantity of flow 

65 in steam, air, gas, water or oil supply; for 

ascertaining the frequency of mF.chanical 
and electrical impulses or oscillations; for 
determining physical constants; and for 
numerous other purposes of scientific and 
practical importance. 70 

The nature and object of the invention 
will be clearly understood from the succeed
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 instrument dis
closing part of the scale, and Figs. 3 and 
4 are diagrammatic illustrations showing 80 
modified constructions of the main parts in 
a similar device. 

Refer~ing to Fig. 1, 1 is a pUlley-shaped 
metal dIsk from three to four inches in di
ameter constituting the freely-rotatable pri- 85 
mary element. It is fastened to a drive
shaft 2 which is turned to fit a hole in the 
central hub 3 of the casting 4. A ball bear
ing 5 set in a recess of the former, serves 
to take up the thrust against the shoulder 90 
6 of the shaft and insures free running of 
the same. In close proximity to the disk 
1 is the thin shell 7 in the form of a cup, 
this being the secondary element of the sys
tem. It is made of stiff and light material, 95 
as hard aluminum, and is fixed to a spindle 
8, supported in nearly frictionless bearings 
or pivots 9 and 10. As. before remarked 
the spacing between the two elements, (1 
and 7), should best be as small as manufac- ICi) 
turing conditions may make feasible. By 
way of example, a separation,-in an in
strument of the diameter suggested,-of say 
.015" to .025" will be found effective for 
working purposes and also within a reason- 105 
able range of inexpensive mechanical attain
ment. Still smaller spacing is, however, 
theoretically desirable. One of the· bear
ings aforesaid is screwed into the end of 
the shaft 2 and the other into a plug 11 in 110 
a slotted tubular extension 12 of a casting 
13. The running bearing in the shaft, 
though not of perceptible influence on the 
indications, ~ay be replaced by a stationary 
support behmd and close to shell 7, as at 8. 115 
A torsional spring 14 is provided, for bias-
ing the pivoted element 7, having its ends 
held in collars 15 and 16, which can be 
clamped, as by the set screws shown, the one 
to the spindle 8 and the other to the plug 120 
11. The bearings 9 and 10 are capable of 
longitudinal adjustment and can be locked 
in any position by check nuts 17, and 18, 
but this refinement is generally unnecessary. 
The castings 4 and 13, in the construction 125 
specifically shown, when screwed together 
form a casing that closely invests the rota
tive system. This casing forms one avail
able means for preventing communication 
of torque from the primary element 1 to the 130 
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~ondary member 7 through the medium 
contacting with the external surfaces of 
both, to any extent sufficient for mllteriallv 
modifying the torque due to the films I>e-

6 tween the elements, but other means to this 
end may be substituted. The chamber in
closed within the casting should be air
tight for highest accuracy in order that the 
density of the contained medium may re-

10 main constant,although in the vast, major
ity of cases where air is used as the active 
agent, the slight effects of ordinary changes 
of temperature aou"<iensity of the external 
atmosphere can be ignored, as. th~ are in 

15 a measure neutralized by the concommitant 
variations in the resilience of the torsional 
spring and as they do' not seriously affect 
the proportionality of deflections observed. 
However, when great precision is essential, 

20 a seal 19 of suitable packing, paste or amal~ 
~am may be employed. Obviously the work
mg parts may be cont.ained in a separate, 
perfectly tight reservoir filled with fluid 
of any desired character, the rotating mem-

25 ber or disk 1 beinZ' driven by a magnet out
side. This expedIent has been adopted in 
numerous instanc~s and is quite familiar. 
The casting 4 has a window or opening .20, 
closed by a piece of transparent substance, 

30 such as celluloid, for enabling the readings 
to be made on the scale which is engraved 
upon or glued to the rim of the indication
controlling element or shell 1: The shaft 2 
is armed with a steel or rubber tip 21, and a 

35 handle 22 of fiber or other material isfas
tened to the central hub of casting 13, com
pleting the hand tachometer. 

Fig. 2 in which like numbers designate 
corresponding parts is self-explanatory. 

40 Attention may be called to the pointed in
dex 23 placed jn the opening 20 and mark
ing, when the instrument is not in use, zero 
on the scale. The latter can be readily put 
in proper position by turning the collar 16 

45 to the desired angle. 
As . described the device is adapted for 

use in the manner of an ordinary hand 
tachometer. In taking the revolutions of a 
shaft, the tip 21 is placed firmly into the 

50 central cavity of the former, as usual, with 
the result of entraining the disk 1 and bring
ing it to full speed by friction. The active 
medium, preferably air, in the narrow chan
nels between the rotating and pivoted mem-

55 bel'S, by yirture of its adhesion and vis
cosity, is set in circular motion by the pri
mary element, and, giving up t.he momentum 
imparted to it on the light secondary shell 7, 
causes the latter to tum until the torque 

60 exert.ed is balanced by the retract.ile force of 
spring 14. Care should be taken to em
ploy a spring the resistance of which in
creases linearly with displacement, so that 
the deflections are exactly pro~ortionate to 

65 the torsional effect, as otherwIse the indi-

clttions will not be true to scule, even though 
the instrument be prefect in other respects. 
In order t.hltt. the torque should vary rigor
ously as the speed, the fluid particles in the 
minute channels between the rotating and 70 
pivoted members shouI'd move in circles and 
not in spirals, as necessarily would be the 
case in It device in which pumping action 
could take place, and either by making 
both the primary and secondary elements 75 
effectively-iinperforate to prevent central 
admisSion of air, or otherwise so con
structedand conditioned that air may not 
freely pa~ from center to periphery be
tween the elements of the movin~ svstem 80 
unchanging residence of a defimte· body 
of, the active medium within the sys
tem is insured. Where pumping action,
that is to say, acceleration or retardation 
of fluid movement other than circularly 85 
with the primary element,-takes place 
the deflections increase more rapidly than 
the speed. It follows that centrifugal force, 
which is the essential active principle in 
pumping, must be negligible to avoid com- 90 
pression of the air at the periphery which 
might result in a sensibly increased torque. 
To appreciate this, it should be borne in 
mind that the resistance of a circular st.rip 
of t.he active area would, under such con- 95 
ditions, be proportionate t.o the fourth power 
of t.he diameter so that a slight. compression 
and attendant increase of density of t.he 
medium in t.he peripheral portion would 
cause a not.iceable departure from rigorous 10( 
proport.ionality. Experience has demon
st.rated t.hat. when t.he space is very narrow, 
as is indispensable for the fullest. attain
ment of the desired proportionality, t.he cen
t.rifugal effect of the active fluid, be it gase- 105 
ous or liquid, is so small as to be unobserv
able. The inference is t.hat. the actions in the 
narrow space pet.ween t.he rotative members 
are capillary or molecular and wholly dif
ferent in principle from t.hose t.~king place llU 
in a pumping device in which t.he fluid 
masses are alterpately ret.arded and accele
rated. The scale, which, as will be apparent 
from the preceding, is uniform in an instru
ment. best embodying my invention, may 115 
be so graduated that. each degree corresponds 
to a cert.ain number of revolutions per unit. 
of time, and for convenience, (in shaft-speed 
indicat.ors as herein shown), the constant 
is made a· round number, as 100. The es- 12C 
t.ablishment. of this relat.ion t.hrough t.he ad
justment. of the t.orsional spring is facili
tated by varying t.he distance bet.ween the 
parts 1 and 7, thus modifying the torque 
and consequently t.he deflection, (t.he torque 12S 
varying inversely as t.he distance) while al
ways keeping within t.he range throughout 
which linear proportionality is attainable. 
In calibrat.ing it is necess,ary to make but 
one observation comparat.ive with some posi- 13\) 
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tive stnndard and to plot the balance"of the 
scalt' accordingly. The conditions above set 
forth being realized, the rending will be ac
curately proportionnte to the speed and the 

_ eOIlstnnt will he correct through the whole 
range contemplated in the design. Therein 
lies" It very important advantage hearing 
OIl llulnufnchi.re and introduction of devices 
of this character over those now in use 

10 "'hich are hased on" an empirical scale, telli
.ous to prepare, and unreliable." When de
sired, the instrument may be rendered dead 
beat through magnetic or mechanical damp
ing, hut by making the torqne very great, 

15 and the inertia of the secondary element 
yery smnll, such objectionable complication 
may be avoided. With a given separation 
the turning effort is proportionate to the 
product of the velocity of rotation, the den-

" iosity of the fluid and the aggregate area of 
the nctive surfaces, hence by increasing 
either of these factors the torsion can be 
augmented at will. It obviously follows that 
the pull exerted on a circular disk will be 

25 as the third power of the diameter and one 
way of attaining the object is to use a large 
. phlte. Other and better ways areillus
tr'ated in Figs. 3 and 4 in which the rotating 
and pivoted elements are composed of inter-

so leaved disks or cylinders. The first ar
rangement permits an indefinite increaSe of 
the torque, the second commends itself 
through the facility of adjustment of the 
force by vnrying the active area. 

35 For many reasons it is decidedly advan
tageous to employ air as the agent in an in
strument intended for popular purposes, 
especially those involving rough use and in
expert handling, since thereby the cost of 

40 manufacture may be kept low, the need for 
ensealing minimized and susceptibility of 
the parts to easy disassembling and replace
ment attained. It is, therefore, desirable 
that the annular confronting surface of the 

45 elements,-whether of disk or cylindrical 
form,-be sufficiently extensive for securing 
ample torque to make the instrument ap
proximately dead beat and to minimize the 
percentage of error due to mechanical im-

50 perfections. 
The foregoing description contains, I be

lieve, all the information necessary for en
abling an expert to carry my invention into 
successful practice. When using the indi-

55 cator in the manner of an ordinary vehicle 
speedometer, as in an automobile, the shaft 
2 is rigidly or flexibly geared to the driving 
nxle or other suitable part and readings are 
made in miles per hour, as is customary. As 

60 will be apparent many other valuable uses 
may be served, since the primary element 
may be connected in suitable electrical or 
mechanical manner with any rotating part, 
the speed of which may be translated 

65 through a linearly proportionate constant 

into the desired terms of time and quantity, 
and the reading scale may he calibrated in 
snch terms. It will also he evident that by 
accurate workmanship, following the teach
ings of my invention, instrnments at once 70 
simple, rugged, and scientiHcally accurate 
may be constrncted for a very wide range of 
nse's in either huge or tiny sizes; and, since 
the commercial requirements of accuracy in 
many fields gi\·es a reasonable range of 75 
permissive error, manufacturing considera
tions may lead to deviations from strict ob
servance of' some of the conditions thnt I 
ha ve indicated as hest attaining a rigorous 
proportionality of reading. The provision 80 
of simple mechanical elements, cooperating 
primarily only through the viscosity and 
adhesiveness of the air films intervening 
therebetween and substantially free from 
need for ensealing and from error caused by 85 
changes of extraneous conditions, especially 
temperatllre, affords striking commercial 
advantages unaJttainable in any form of 
speedometer of which I am aware. There" 
fore while I have described in detail for the 90 
purpose of full disclosure a specific and 
highly ndvantageous embodiment of my in
vention, it will be understood that wide 
variations in the mechanical development 
thereof may be made without departure 95 
from its spirit within the scope of the ap-
pended claims. " 

What I claim is: 
1. In combination, fixed supporting 

means, disconnected alined driving and 100 
driven shafts rotatably mounted in said sup
porting means, relatively thin spaced rigid 
pieces of material rigidly connected to and 
arranged coaxially about said driven shaft 
with broad surfaces opposite each other, and lOb 
other relatively thin spaced rigid pieces of 
material rigidly connected to and arranged 
coaxially with the driving shaft, and being 
alternated with the first-mentioned pieces 
between them and having their broad sur- 110 
faces adjacent to nnd spnced from the broad 
surfaces of said other pieces, said pieces all 
arranged in air, through which torque is 
frictionally transmitted from the second-
mentioned pieces to those first-mentioned. 115 

2. In combination, in a speedometer, dis
connected alined driving and driven shafts, 
a fixed support, said shafts being mounted 
in said support, a coiled spring having one 
end secured to said fixed support and the 120 
other end secured to said driven shaft, rela
tively thin spaced rigid pieces of material 
rigidly connected to and arranged coaxially 
about said driven shaft with their broad 

. surfaces opposite each other, other rela- 125 
tively thin spaced rigid pieces of material 
rigidly connected to and arranged coaxially 
with the driving shaft, and being alternated 
between said first-mentioned pieces and 
spaced therefrom, and an air body filling 130 
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the spaces between said pieces and consti
tuting the torque-transmitting friction 
medium therebetween. . 

3. In combinntiofr; in a speedometer, dis-
I)conllected alined driving and driven shafts, 

n frame hn ving bearings for said shafts, a 
coiled spring whose inner end is secured to 
said driven shaft and hnying its outer end 
secured to said fl'ame, spnced rigid pieces of 

10 material rigidly connected to and arranged 
about said driven shaft, and other spaced 
rigid pieces of material rigidly connected to 
Ilnd nrrnnged about said driving shaft, the 
former :pieces being alternated between the 

15 latter PIeces in spaced relation with their 
broad surfaces in close juxtaposition, and 
w!th the i~terspaces between. said sI?a?ed 
pIeces formmg a convoluted ali"-contammg 
?han~el therebetween open to the surround-

20 mg aIr. 
4. In combination, disconnected alined 

. driving and driven shafts, a fixed support, 
bearings therefor in said support, a coiled 
spring having one end secured to the driven 

25 shaft and its other end secured to said fixed 
support,a cup-shaped body secured to one 
end of said drivin~ shaft coaxially, spaced 
rigid relatively thm J?lates secured to 'said 
body in parallel relatIOn to each other, an-

so other cup-shaped body secured coaxially to 
said driven shaft and inclosing said plates 
at their outer edges in spaced relation there
to, other spaced rigid relatively thin plates 
secured to the second-mentioned. body and 

S5 extending between the first-mentioned plates 
in spaced relation thereto, and an air body 
filling the spaces between said .pieces fric
tionally to transmit torque from the driving 
structure to the driven structure. 

40 5. The combination with means f~r sup~ 
port and driving and driven shafts rotata
bly supported thereby, of means to trans
mit torq.~uee from the driving shaft to the 
driven shaft comprising opposed material-

45 :pieces respectively connected with the driv
mg shaft and the driven shaft and arranged 
to present t.oward each other relatively-ex
tensive, non-contacting, closely-adjacent sur
faces, and a gaseous medium in which said 

ISO pieces work, said gaseous medium serv~ng 
frictionally to connect the said opposed ma
terial-pieces for transmission of torque from 
the driving shaft to the driven shaft. 

6. In combination, driving and driven ele-
1S5ments suitably supported and having con~ 

fronted annuli always presenting to each 
other relatively-extensive, non-contacting, 
closely-adjacent surfaces, said surfaces dis
posed in a gaseous friction medium, where-

eo by the driving member, by its rotation, in
duces rotary motion of the driven member 
through the dl"ag of the gaseous medium in
tervening between said annuli. 

7. In combination, driving and driven ele-
66 ments having in opposed, closely adjacent, 

non-contacting relation, relatively extensive 
friction surfaces, and an interpoSed gaseous 
body, through which the driving member 
frictionally drags the driven element. 
. 8, 'In a speedometer, the combination with 70 
supporting means, separately-rotata})le driv
ing and driven shafts mounted therein, bias
in~ means for the driven shaft, and means 
to mdicate rotary displacement of the biased 
Shaft in terms of speed, of pieces rotatively 76 
cM"ried by said respective Shafts, having 
relatively-extensive, non-contacting, closely
adj scent surfaces arranged to confront each 
other, ani!- a gaseous n;tedium intervening be
tween saId confrontmg surfaces to coact 80 
therewith frictionally to transmit torque 
from the driving shaft to the biased driven 
shaft. 

9. In a speedometer, the combination of 
a primary element rotatable' at varyin~ 85 
speeds, having a plurality of spaced annuli, 
a biased secondary element, arranged for 
separate rotary movement and adapted and 
arranged to indicate speed variations by the 
extent of its displacement, said secondary 90 
element having a plurality of spaced, thin, 
light annuli, the annuli of said two elements 
interleaved in non-contacting, closely-adja
cent relation always to present toward each 
other extensive friction surfaces, and an 95 
air body, through the films of which, inter
vening between said a.nnuli, rotation of the 
:primary element may induce speed-indicat
mg displacement of the secondary element. 

10. A speedometer wherein a primary, 100 
variable-speed element, and a biased, speed
indication-controlling secondary element, 
that are suitably supported for Separate 
movement, have opposed extensive friction 
surfaces in non-contacting juxtaposition for 105 
frictional communication of power from the 
primary element to the secondary element. 
through a gaseous medium that mtervenes 
between said friction surfaces. 

11. An air drag speedometer, wherein. a 110 
primary, variable-speed element and a 
biased speed-indicatIon-controlling second-
ary element, that are suitably mounted for 
separate rotary movement in an air-contain-
ing casing, have opposed, extensive fric- 115 
tion-surfaces in non-contacting juxtaposi
tion, for frictional communication of torque 
from the primary element to the secondary 
element through the medium of the casing-
contained air. 120 

12. In a speedometer, the combination of 
an air containing casing, a primary element 
and a secondary element mounted in said 
casing for separate movement, said elements 
having extensive surfaces exposed toward 125 ' 
each other in closely, contiguous but non
contacting relation for frictional communi
cation' of power to one hom the other 
through the intervening air, means resili-
ently to resist displacement of the second- ISO 
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ary element, and means to indicate displace- transmitting fluid medium, said surfaces be
ment of the secondary element in terms of ing so closely proximate that the .torque 
speed. transmitted from. the driying to the driven 

13. In combination, in a speedometer, member is substantially proportional to the 
5 disconnected shafts respectively carrying rate of rotation of the former. v 

driving and driven elements that have an- 19. A speed indicator comprising in 
nuli affording continuous extensive fric- . combination', a rotatable body, a secon~ an
tion surfaces in always confronting non- ' gularly movable body, means to resist dil:l-o 
contacting closely - spaced relation, the placement of the latter proportionately to 

10 driven element being light and biased by a the torque applied thereto, and a fluid me- 76 
light spring, for ready response to torque dium interposed between them, said bodies 
transmitted frictionally by air, and th~ air having opposed annular surfaces in such 
film-spaces between the elements constitut- close proximity that pumping of the me
ing an open tortuous channel; and an air dium therebetween is prevented and the de. 

15 containing casing inclosing the driving and flections of the second body are made pro· 80 
driven elements, its contained air body form- portionate- to the speed of the other. 
ing the sole effective means of torque trans- 20. A speed indicator, comprising, in 
mission between the elements. combination, a rotatable, variable speed pri-

14. In a speedometer, the combination of mary element, and a light, pivoted, tor-
20 rotatable driving and driven elements hav- sionally-resisted, indication-controlling sec- 85 

ing in opposed, closely-adjacent non-COIl- ondary element, suitably mounted for sepa
tacting relation, relatively extensive friction rate movement and operatively linked with 
surfaces, means to bias the driven element, the former through an interposed gaseous 
means to indicate rotary displacement of medium, said elements having opposed, an-

25 said driven element in terms of speed, a cas- nular, non-contacting surfaces so extensive 90 
ing inclosing said elements and containing and closely proximate that the whirling me
air, said contained air body extending in dium exerts a strong and steady turning 
films between the friction surfaces, and effort upon the secondary element, substan
formin~ the sole effective means of torque tially. in linear proportion to the speed of 

30 transmIssion between the driving and the primary. ss 
driven elements. 21. The combination, in a rate indicator, 

15. In combination, driving and driven of a freely rotatable primary and a tor
elements having in opposed non-contacting sionally-resisted indication controlling sec
relation relatively ext(IDsive friction sur- ondary member mounted for separate move-

35 faces so closely adjacent that through an in- ment, with their opposed non-contacting 10. 
terposed gaseous body the driving member symmetrical surface.s confining therebe~· 
frictionally drags the driven member with tween a resident fluid body and arranged in 
a torque linearly proportionate· to the speed such close proximity that the fluid, en-
of the former. trained in circles by the rotating primary 

40 16. A rate indicator wherein a freely-ro- exerts a torque on the secondary member 101 
tatable primary and a biased, indication- in substantially linear proportion to the 
controlling secondary member, suitably sup- speed of the former. 
ported for separate movement, have op- 22. In combination, in a speed-indicator, 
posed, non-contacting surfaces in such close a rotatable primary element, a biased sec-

45 proximity that through an intervening vis- ondaryelement, a fluid body between and 11. 
cous fluid medium torque is transmitted to around them, said elements having opposed 
the secondary membex: in linear proportiOIl non-contacting extensive surfaces in such 
to the speed of the prImary. close proximity that the resident fluid body 

11. A rate indicator wherein a freely ro- therebetween transmits torque to the second-
50 tatable primary and a biased, indication- ary in substantially linear proportion to the 111 

controlling secondary element, suitably sup- speed of the primary element, and means 
ported for separate movement are opera- for minimizing the rotary effort transmitted 
tively linked through an intervening vis- through the fluid around the elements. 
cous and adhesive air body, said elements 23. A rate indicator comprising a struc-

55 having opposed, extensive non-contacting ture confining a substantially unchanging 1M 
surfaces so closely adjacent that the torque body of fluid and including an extensive 
transmitted to the secondary element annular surface of a freely rotatable mem
through said air body is substantially in ber, arranged to impart CIrcular motion to 
!'.near proportion to the speed of the pri- the fluid, and a confronting annular sur-

60 mary element. . face of an indication-controlling angularly- 121 
18. In a speed indicator the combination displaceable member, arranged. to take up 

of two rotatively movable driving and momentum of the fluid, said surfaces 00-
driven members having opposed non-con- ing so closely proximate that the torque 
tacting extent;;ive surfaces confining between transmitted through the fluid is ,propor-

65, them a practically constant body of torque- tional to the speed of the rotatable member. III 
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24. A speed indicator comprising two ele
ments mounted for separate movement in a 
fluid medium, one' of the elements being 
freely rotatable at varying speeds, and the 

5 other pivoted and biased against angular 
displacement, said elements having opposed 
non-contacting extensive symmetrical sur
faces in such close proximity that torque is 
transmitted through the intervening fluid 

10 body in substantially lineal' proportion to 
the speed of the primary element, and a 
member snrrounding said elements and 
minimizing the flow of the fluid- along the 
e~ .. terior surfaces of said secondary element. 

Hi 25. In a device of the character described, 
the combination of a rotatable primary ele
ment, a spring-biased secondary element, a 
casing surrounding the same and a fluid 
body filling the casing, said elements having 

20 opposed non-contacting annular surfaces in 
such close proximity that the rotary effort 
exerted through the fluid body on the sec
ondary element is proportionate to tpe 
speed of the primary element, some parts of 

25 said casing being so closely proximate to said 
elements as to minimize torque-transmitting 
flow of the fluid along the exterior surfaces 
of the secondary element. 

2(l. An ail' drag speedometer wherein a 
30 rotatable primary variable-speed element 

and a biased pivoted secondary element, 
mounted for separate movement in an air
conbtining casing, have opposed extensiye 
smooth annular surfaces in such close juxta-

35 position that torque is transmitted through 
the air intervening between said surfaces in 
substantially linear proportion to the speed 
of the rotatable primary element. 

27. A speed indicator comprising a closed 
40 fluid-filled casing, primary and secondary 

elements mounted therein, the one for rota
tion and the other ,for tOl'sionally resisted 
angular displacement, sllid elements having 
opposed non-contacting extensive annular 

45 surfaces forming therebetween It smooth in
terveni~g channel wherein confined fluid 
may move in circles nndel' the influence of 
the prim!lry memher, and Ueb,:een them and 
the mterlOr surfaces of the casIng'sllrronnd-

50 ing channels wlw"l~in fluill contiguOl\S to the 
secondary element mny receive circu1nr 
movement from the primlt"Y element, said 
surfaces being so dosely proximllte that 
tOI·qlle transmission through the fluid is 

55 lineady proportionate to the speed of the 
primary element. -

28. The combination, in a speed indicator, 
of a closed casing, a fluid body and two 1'0-

tlltively-~ovable members therein, means 
60 for rotatmg one of the members, means 

for resisting displacement of the other, and 
means c,ontrolled by the last named member 

for reading its displacement in terms of 
speed, said two members having opposed, 
non-contacting imperforate annular surfaces 65 
in such close proximity as to confine there
between a film of fluid through which torque 
is transmitted to the resistant member in 
lineal' proportionality to the speed of the 
rotatable member.' 70 

29. The combination with a closed fluid 
containing casing, of a plurality of sym
metrical bQdies with smooth surfaces rota
tably mounted therein, means for tor
sionally restraining some of said bodies, and 75 
means for rotating the others, said bodies 
being placed with their surfaces in such close 
proximity to each other and to the walls of 
the casing that the rotating bodies will cause 
an even and undisturbed circular motion of 80 
the fluid and transmit torque to the torsion
ally restrained bodies in proportion to the 
speed of the others. 

30. In a speed measuring instrument, the 
combination of driving and driven members 85 
having in opposed closely adjacent non-con
tacting relation relatively extensive smooth 
friction surfaces, and an interposed gaseous 
body through which the driving member 
frictionally drags the driven member. 90 

31. A tachometer comprising, in combi
nation, a rotatably mounted shaft, a smooth 
annular body fixed thereto, a similar pivoted 
body,a torsion spring for the latter, indi
cating means movable with said pivoted 95 
body, and 'an air-containing casing, said 
bodies having their annular surfaces III such 
close, non-contacting proximity that the in
tervening air transmits torque to the pivoted 
body in substantially linear proportion to 100 
the speed of the rotatable body. ' 

32. A tachometer comprising, in combi
nation, 1\ rotatably mounted shaft, a primary 
element carried thereby, It pivoted secondary 
element, a torsion spring therefor permit- 105 
ting its angular displacement substantially 
in proportIOn to the torque, indicating 
menns operated by the pivoted element and 
gradullted with substnntial uniformity, and 
a fluid-containing cusing closely investing 110 
part of said rotlltive system, the opposed 
surfaces of the elements being so closely 
pl"Oximate to each othel· nnd to pnrt of the 
ellsing thnt the fluid - tmnsmitted torque 
clI,using deflections of the pivoted body is 115 
Ruhstnntiully proportionllte to the speed of 
the primnry element. 

In testimony whereof I affix my signature 
in the preSl'nce of two subscribing witnesses. 

NIKOLA TESLA. 

Witnesses: 
M. LA W80N DYER, 
TnoMAs J. BYRNE. 
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To all 'whOln it may concern: small ra:dius, or pointed, and it is pursuant 
Be it known that I, NIKOLA TEsLA, a citi- to a misapplication of these, and other, 

. %en of the United States, residing at New truths that the commercial lightning rod of 
York, in the county and State of New York, today is made very slender and pointed., My 

5 haye invented certain new a;nd useful Im- invention, on the contrary, while taking 60 
provements in Lightning - Protectors, of cognizance of these truths, correctly applies 
which the following is a full, clear, and ex- them in the provision of a lightning pro-
act (Tescription. . tector that distinctively affords an elevated 
. The ,obJect of the present invention is to terminal having its outer conducting boun-

10 provide lightning protectors of a novel and daries arranged on surfaces of large radii 65 
improved design strictly in conformity with of curvature on two dimensions. Thelrin
the true character of the phenomena, more ciples which underlie my invention an cor
efficient in action, and far more dependable rect application of which dictate the form 
in safe-guarding life and property, than and manner of installation of my proteCtor, 

15 those heretofore employed. I will now explain in contrast with· the con- 70 
To an understandmg of the nat-qre of my ventional pointed lightninl{ rod. . 

iilVention and its basic distinction from the In permitting leakage mto the air, the 
lightning rods of common use, it is nec- needle-shaped lightning-rod is popularly 
essary briefly to explain the principles upon believed to perform two functions: one to 

20 which my protector is designed as contrast- drain the ground of its negative electricity, 75 
ed with those underlying the now-prevail- the other to neutralize the positive of the 
ing type of lightning rod. clouds. To some degree. it does both. But 

Since the mtroduction of the lightning a systematic study of electrical disturbances 
rod by Benjamin Franklin in the latter in the earth has made it palpably ,evident 

25 part of the eighteenth century, its adoption that the action of Franklin's conductor, as 80 
as a means of protection against destructive commonly interpreted, is chiefly illusionary. 
atmospheric discharges has been practically Actual measurement proves the quantity of 
nniversal. Its efficacy, to a certain degree, electricity escaping even from many points, 
has been unquestionably establishe'd through' to be entirely insignificant when compared 

30 statistical records but there is generally with that induced within a considerable ter- 85 
prendent, nevertheless, a singular theoretl- restrial area,' and of no moment whatever in 
cal fallacy as to its operation, and. its con- the process of dissipation. But it is true 
struction is radically defective in one ·£ea- that the negatively; charged air in the vi
tllre. namely. its typical pointed terminal. cinity of the rod, rendered conductive 

35 In my lightning protector I avoid points, through the influence of the same, facilitates, 90 
lll~d llse an entirely different type of ter- the passage of the bolt. Therefore it in
mmal. creases the probability of a lighting- dis-

. According to the prevailing opinion, the charge in its viCinity. The fundamental 
,-irtue of the Franklin type of lightning rod faets underlying this type of lightning-rod 

40 . is largely based 0!l the property .of p'oints or are: First, it attracts lightning, so that it 95 
- ;.;harp edges to gIve off electrICIty mto the will be strnck oftener than would be the 

ail'. As shown by Coulomb, the quantity of building if it- were not present; second, it 
l'll'etl'icity per unit area, designated by him renl1ers harmless most, but not all, of the 
"('lectrica1 density" increases as the radius discharges which it receives; third, by ren-

45 of Clll'\'utllJ'C of the surface is reduced. Sub- dering the air conductive, and for other 100 
sequentl", it was proved, by mathematical reasons, it is sometimes the cause of damage 
aillllysis, that the accumulated charge cre- to. neighboring objects; and fourth, on tIie 
l.ltp(1 an outward normal force equal ·to 2'lt whole, its power of preventing injury pre-
1 imes t he squal'l~- of the density , and, experi- dominates, more or less, over the hazards it 

50 lII(,llt has demonstrated that when the latter invites. 105 
l'xceetls approximately 20 C. G. S. units, a My protector, by contrast, is founded on 
stI'P:tIlH'r or corona. is formed .. From these principles diametrically opposite. Its ter
ollsl'nat.ions and deductions H is obvious mina1 has. a large snrface. It secnres a Yery 
that snch may happen at a comparatively low denslty and :preserves the msulating 

50 low preSl:iw'c if the conductor is of extremely qualities of the ambient medium, thereby 110 
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minimizing leakage,and iIi thus acting as a 
quasi-repeUant to increase enormously the 
safety factor; , . , 

For the best and most economical installa-

being struck is decreas~d by the pr~sence of 
my protector, whereas It wou~d be mcreased 
by the presence of the Franklm rod, for rea-

5 . tion of protective devices according to my 
invention, those factors and phenomena that 
dictate size, number of protectors and -phys
ical qualities of the apparatus must be 
grasped by the installing engineer, and pre-

10 liminarily, for full understanding of the 
principles of my invention, these sh()]lld be 
briefly explained. ' 

Economical installation, of 'Course, de
mands that the protective capability of any 

sons that I will now, explain. , 
An understanding of but part of the 70 

truths relative to electrical discharges, and 
their misapplication due to the want of 
fuller appreciation has doubtless been re
sponsible for the Franklin, lightning rod 
taking its conventional pointed form, but 75 
theoretical considerations, and the important 
discoveries that have been made in the, 
course of investigations with a wireless 
transmitter of great activity by which arcs 

, of a volume and tension comparable to those 80 
occurring in nature were obtained ("Prob
lems of Increasing Human Energy" Oent'lJ,l'Y 
Magazine June 1900 and Patents 645,576, 

'649,621,787,412 and 1,119,732) at once estab
lish the fallacy of the hitherto prevailing 85 
notion on wl).ich the Franklin type' of rod 

15 given equipment be hot needlessly greater 
than is required to meet the maximum ex
pectancies under the conditions surrounding 
the particular building to be protected; and 
these depend, partially, as I shall show, 

20 upon the character of the landscape proxi-
mate'to the building site. , 

In the drawings" Figures 1 to 4 inclusive, 
are diagrams requisite to illustration of the 
facts and conditions relevant to the deter,:" 

is based, show the distinctive nov€llty of my 
ljghtning protector, and guide the construc-
tor in the use of my invention. ' 

2& mination of specific installations of my in
vention, and Figs. 5 to, 8 illustrate construc
tion and application of the protectors.' Spe
cifically: 

In Fig. 2, 5 is a small sphere in contact 90 
with a large one, 6, partly shown. It can 
be proved by the theory of electric images 
that when the two bodies are charged the 
mean density on the small one will be only Fig. 1 is a .landscape suited for purpose 

71"2 / 

6=1.64493 
30 of explanation ; Figs. 2, 3 and 4 are theoreti

cal dIagrams; Figs. 5 and 6 illustrate forms 
of improved protectors; and Figs. 7 and 8 
show buildings equipped with the same. times greater than that on the other.. (See 

In Fig. 1,1 represents Lord Kelvin's "re- "Eleatrieity and Magnetisrn" by Clerk 
35 duced" area of the region, which is virtually, Maxwell).' In Fig. 3, the two spheres 7 and 

part of the extended urtrufHed ocean-surface. 8 are placed some distance apart and con
(See "Papers on Eleatrosta,tias ana M agnet- nected through a thin wire 9. This system 
ism" by Sir William Thomson). Under or- having been excited as before, the density on 
dinary weather conditions, when the sky is the'small sphere is likely to be many times 

40 clear, the total amount of electricity dis- that on the large' one. Since both are at 
tributed over the land is nearly the same as the same potential it follows directly ,that 
that which would be contained, within itS the densitIes on them will be inversely as 
horizontal projection. But in times of their radii of curvature. If the density of 
storm, owing to the inductive action of the 7 be designated as d and the radius r, then 

45 clouds, an immense charge may be, accu- the charge q=4"r2a, the potential p=4"ra 
mulated in the locality,the density being and the outward force, normal to the sur
greatest at the m, ost elevated portions of face, '~2"a2. As before stated, when d 
the ground. Assuming this, under the con- surpasses 20 C. G. S. units, the force f be
ditions existing at any moment, let another c(unes sufficiently intense to break down the 

50 spherical surface 2, ,concentric with the dielectric ana a stl'eameror corona appears. 
ea.rth, be.drawn-which maybe called "elec· IIi this case p=80"r. Hence, with a sphere 
tncd mveau"-such that the quantities, of one centimeter radius disruption would,' 
,stored over and under it are equal. In other. take pla:ce at a potential p=80,,:-251.328 
words, ,their algebraic sum, taken relatively E. S. units, or 75,398.4 volts. In reality, the 

55 to the imaginary surface,' in the positive and discharge occurs at a lower pressure ,as a 
ne~ative sense, is nil. ,Objects above the consequence of uneve~ dist~~bu~ion on the 
"mveau" _are exposed to ever so much more small sphere, the denSIty bemg greatest on 
ri_sk than those belowo_ Thus, a building at: the side turned away from the large one. 

_ 3, 'on a site of excessive density, is apt to. be i In this respect the behavior of it pointed 
60 hit sooner or later, while one in a depression conductor is just the reverse. Theoretically, 

4, where the charge per unit area, is very it might erroneously be inferred from the 
small, is ,almost entirely safe. It follows preceding, that sharp projections wouIa pej'
that ,the one ,!:milding 3 requires more ex- mit .. electricity to escape at the lowest po
tensive equipmentthaI1 does the other. In tentials, but. this does not follow. The ren-

61S both instances, however, th~ probability of , son will be clear from an inspection of Fig. 
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4, in which such a needle-shaped conductor stantiate the desirability of establishing 
10, is illustrated, a minute portion of its protection by avoiding such drainage. The 
tapering end beingmarkoo 11; Were this density at the pointed end f should be in
portion removed from the large part 10 and.versely as the radius of curvature of the 

5 electrically connected with the same through surface, 'but such a condition is unrealizable. 70 
an infinitely thin wire, the charge would be Suppose Fig. 4 to represent a conductor of 
given off readily. But the presence of 10 radius 100 times that Of the needle; then. 
has the effect of I-educin.gthecapacity of although its· surface per unit length is 
11, so taat a much higher pressure is re~ greater in the same radio, the capacity is 

10 quired to raise the density to the critical only double. Thus, while twice the quan- 76 
value. The larger the body, tile more.pro- tity of electricity is stored, the d~iJ.sity on; 
nounced is this influence, which is also de- ,the rod is but one-fiftieth of that on the nee
pendent on configuration, and is maximum die, . from 'which it follows that the latter 
for a sphere. When tl\e same is of con- is far more efficient, But the emissive power 

' .. 15 siderable size it takes a much greater elec- of any such conductor is circumscribed. 80 
tromot.iYe force than under ordinary circ1llll- Imagine that the "pointed" (in reality blunt 
stances to pr..oo.uce streamers from the point. or rounded) end be continuOUSly reducecl in 
To explain this apparent anomaly attention size so a:g to appr,oximl,tte the ideal more and 
is called to Fig. 3. If the radii of the two more. Duringthe process of reduction; the 

20 spheres, 7 and 8, be designated r andR re- density will De increasing as the radius of 86 
spectively, their charges q andQand the curvature gets smaller, but in a proportion 
distance between their centers D, the po- distinctly less than linear;' on the other 
tential at.7, due to Q is QD-• But -7, owing t.<? . hand, the area of the extreme end, that is, 

. the section through which thel charge passes 
25 . out into the air, will be diminishing as the. 90 

the metallic' connection 9, is at the potential. square of the radius. This relation alone 
> Rg---rq •. ·imposes a definite limit to the performimce 

of a pointed conductor, and it should be 
noticed that tIle electrode-resistance would 

30 When D is comparable to R, the medium be augmented at the same time. Further- 96 
. surrounding the small sphere will ordinarily more, the efficacy of the rod is muchim-
be at a potential not much different from . paired through potential due to the charge 
that of the latter and millions of volts may of the ground, as has been indicated with 
have to be applied before streamers issue, reference- to Fig. 3. Practical estim~tes of 

35 even from sharp protruding edges. It is the electrical quantities concerned hi natural 100 
important to bear this in mind, for the disturbances show, moreover, how absolutely 
earth is but a vast conducting globe. It impossible are the functions attributed to 

-. follows that a poJnted lightning-rod must the pointed ligh~ning conductor. A :,!iI,lgle 
be run far above ground in order to operate cloud may contam 2XI012 C. G. S. umts, or 

40 at all, and from the foregoing it will be ap- more, inducing in the earth an equivalent 105 
parent that the pointing of the end, for ~up- amount, which a number of lightmng rods 
posed emissive effect, is in part neutralized, could uot . neutralize in malty years. Par-
bv the increasing size below the extreme end,' ticularly to· instance conditions that may 
and the larger the rod, for reduction of elec- . have to be met, reference is made. to the 

45 trode resistance, the more pronounc~d is this Eleotrical W ol'ld of March 5; 1904,wlierein 110 
counter-influence. For these reaoons it is it appears that upon one occasion approxi
important to bear in mind that sufficient mately 12,000 strokes occurred within two 
thickness of the rod for very low electrode- hours within Ii radius of Jess than 50 kilo
resistance is rather incompatible with . the meters froni. th.e place of observation. 

50 high emissive capability sought in the nee- But although the pointed lightning-rod 115 
dIe-like Franklin-rod, but, as hereinafter is' quite ineffeCtive in the one respect noted, 
set forth, it is wholly desirab1e in the use it has !he property of attracting lightni~g-
of my invention, wherein the terminal coI;l- to a hIgh degree, firstly on account of Its 
struction is intended for' suppression Of 'shape and' secondly because it ionizes and 

55 charge-emission rather than to foster it. renders conductive the surrounding air. 120 
The notion that Franklin's device would This has been unquestionably' established in 

be effective in dissipating terres~rial char~es long continued tests.with the wireless trans
may be traced to early expenments WIth mitter above-mentioned, and ih this feature 
Btatic frictional macinnes. when a needle lies the chief disadvantage of the Franklin 

6.0 was found capable of quickly draining an type of apparatus...: . 125 
insulated electrified body. But the inappli- All of· the foregoiilg serves to show that 
cahilitv of this fact to the conditions of' since it is utterly impracticable to effect an 
lightnIng protection will be evitlent from equalization of charges emissively through 
examination of the simple theoretical prin- pointed lightning-rods under, the conditions 

65 ciples involved, which at the same time sub- presented 'by the vast forces of nature great 130 
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improvement lies in the -attainment of-a protectors if equipped with suitable devices 
minimized probability of lightning stroke or designed in conformity with this inven
to the area to be yrotected coupled with tion. Still another modification is illustrated 
adequate conductivIty to render harmless in Fig. 8 in which", instead of one,· fOur 

5 those strokes that may, notwithstanding,grounded bars. are provided with as many 70 
occur. . ' sJ?un shells or attachments 18, with the ob-

Furthermore, a correct "il,pplication of the VIOUS object of reducing the risk. 
truths that have thus been explained with, From the foregoing It will be clear that in 
reference to the familiar pointed type of all cases the terminal prevents leakage of 

10 lightning-rod not only substantiates the electricity and attendant ionization of the 75. 
theoretical propriety of the form in which I air. It is immaterial ~ this end whether it 
develop my improved lightning protect~r, is insulated or not. S~uld it be struck the 
but will lead the installing engineer properly current will pass readily to the ground either 
to take cognizance of those conditions due directly or, as in Fig. 5, through a f>mall air-

15 to location of the building, with respect to gap between 12 and 14. But such an acci- 80 
surrounding earth formations and other dent is rendered extremely improbable ow
buildings, probabilities of maximum poten- .' ing to the fa:c~ t~at there a~e everywhere 
tial-differences and charge-densities to be ex- . pomts and prOJectIOns on whICh the terres
pected under the prevailing atmospheric trial charge attains a high density and where 

20 conditions of the site, and desIrable electrode the air is ionized. Thus the action of the im- 85 
resistance and capacities of the protectors proved protector is equivalent to a repellant 
installed. . c . force. This being so, it is not }lecessary to 

The improved protector, as above stated, support-it q,t a great height, bU~he ground 
behaves in a manner just opposite to the connection should be made wit· the usual ,. 

25 Franklin type and is incomparably safer for care and the conductor leading to it must be 90 
this reason. The result is secured by the use of as small a self-induction and resistance as 
of a'terminal or conducting surface of large practicable. , ' 
radius of curvature and sufficient area to . I claim as my invention: 
make the density very small and thereby 1. A lightning protector consisting of an 

30 prevent the leakage of the charge and the elevated terminal, having its outer conduct- 95 
ionization of the air. The device may be ing boundaries arranged on surfaces of large 
greatly varied in size and shape but it is es- radii of curvature in both dimensions, and a 
sential that all its outer conducting elements grounded conductor of small self-induction, 
should be disposed along an ideal enveloping as set forth. 

36 surface or large radius and that they should 2. A lightning, protector composed of a 100 
have a considerable total area., metallic shell of large radius of curvature, 

In Fig. 5, Fig. 6, Fig. 7 and.Fig. 8, differ, and a grounded ,conductor of small self-in-
ent kinds of such terminals and arrange- duction, as described~ . 
ments of'same are illustrated. In Fig. 5, 12 3. ApJ?aratus for protection against at-

40 is a cast Or spun metal shell of ellipsoidal mosphenc discharges comp1'ising an e!,l.rth 105 
outlines, having on its under side a sleeve connection of small resistance, a conductor 
with a bushing 13 of j)orcelain or other in- of small self-induction and a terminal car
s~lating material, adaJ?ted to beslippe.d ried by the same and having a large radius 
tIghtly on a rod 14, WhICh may be an or(ij- of curvature in two dimensions as, and for 

45 nary iightning conductor. Fig. 6 shows a the purpose set forth. ..' 
terminal 15 made up of rounded or flat 4. In ~pp~ratus for p~~ctiorr against a~
metal bars radiating from a central hub, mospherlC dIscharges an Insulated metallic 
which is supported directly on a similar rod shell of large radius of curvature supported 

110 

and in electrical contact with the same. The by a grounded conductor and separated from 
50 speCial object of this type is to reduce the the same through a small air-gap as, and for 115 

winG resistance, but it is essential that the the purpose described. " 
bars have a sufficient area to insure small 5.· A . lightning protector comprising, in 
density, and also that they are close enough combination, an elevated terminal of large 
t() make the aggregate capacity' nearly equal area and radius of curvature in two dimen-

55 to that of a continuous shell of the same out- sions, and a grounded conductor of small 120 
side dimensions. In Fig. 7 a cupola-shaped self-induction, as set forth. , 
ang earthed roof is carried by a chimney, 6. In apparatus for protection against 
servi;ng in this way the twofold practical lightning dIscharges, the combination of all 
purpose of 'hood and protector. Any ,Irind elevated metallic roof of large area and 

GO of metal may be used in its construction but radius of curvature in' two dimensions, and 125 
it is indispensable that its outer surface a grounded conductor of smallself-induc
should be free of sharp edges and projec- tion and resistance, as described. 
tions from which streamers might emanate. 7. As an article of manufacture a me
l n like manner mufflers, funnels llnd veute tallie shell of large radiw; of curvature pro-

65 may be transformed into effectiYe lightning vided with a sleeve adapted for attachment 130 
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to a lightning rod as, and for the purpose 
set forth. 

8. A lightning protector comprising an 
ellipsoidal metallic shell and a grounded 

5 conductor of small self-induction, as set 
forth. 

9. In apparatus for protection against at~ 

mospheric discharges a cupola-shaped me
tallic terminal of smooth outer surface, in 
combination with a ~ounded conductor of 10 
small self-induction and resistance, as de
scribed. 

In testimony whereof I affix my signature. 
NIKOLA TESLA. 
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To "all whom it may concern: ments respectively adapted to measure rela-
Be it known that I, NIKOLA TEsLA, a citi- tively high and low speeds, but nevertheless 

zen of the United States, residing at New, it is true that although such 'instruments, 
York, in the county an~ State of N ew York, whenJ built for high-speed indication, may 56 

5 have invented certain new and useful Im- be of sturdy construction, fthey must, when 
provements in Speed-Indicators, of which "designed for low~speed-measurement, be 
the following is a full, clear, and exact de- built with great ~precision and delicacy. 
scription. '" This because the inertia of. the secondary 

Among the desiderata of speedometer con- element must be kept extremely small for 60 
10 struction are these: that the torque exerted desirable promptness ,of response to very 

upon the, secondary, or' indication-giving, slow starting sp'eeds and consequent feeble
element shall be linearly proportional to the, ness of the turning effort. In some in
speed of the primary member rather than stances" therefore, it is highly desirable to 
to the square of the speed (as instanced in employ a transmitting medium' giving' a 61S 

15 'centrifugal speedoJI!.eters);, that the tor- much greater torque than air with concomi
sional effect at low speeds shall be strong tant extension of the lo)V-rallge of accurate 
and steady so that P!!rticular delicacy of speed reading, quickness of response, prac
construction may -not be necessary and that ticable decrease of size of parts and lessen
minute causes of theoretical errors (such as ing of sensith~eness to disturbances such as 70 

20 bearing-friction, spring-inequalities and the vibration of the instrument as a whole. 
like) may be negligible 'in effect; that the All of the stated obj~cts I accomplish by 
torque may be substantially unaffected by employing as the torque-transmitting me-, 

, changes of extraneous conditions, as of tem- ' dilim between the driving and drive'il ele
perature, atmospheric density and m~gnetic ments a body of suitable liquid, (e. g., mel'- 7 IS 

25 influence-; that theinstFument'be inherently CUfY) under conditions (as set forth in my 
dead~beat and relatively insensible to '100- prior application referred to) proper, to 
chanical vibration; and that ruggedness, secure linear proportioI!,ality of deflections, 
simplicity and economy, for attendant dura- and, further, by making provision automati
bility, manufacturing facility and low cost, cally to compensate for the changes in the 80 

SO be attained. My present speedometer real- viscosity of the liquid that accompany varia
izes these advantages and provides, also, an tions of temperature. 'l'he latter equipment 
appliance that is suitable for 'great, as well' is unnecessary in my air=drag speedometer, 
as very small, velocities, exact in its read- 'but mercury and other liquids of relatively 
ings, uniformly graduated as to syale, and great density that might be employed ~or 85 

S5 unaffected by changes of temperature or, my present purposes have not the qualIty 
pres,sure within as well as ,without. , _ of approxiJ?ate self-compensation for tem-

In myPatent.No. 1,209,3~9;dated Decem- perature changes·th~t in!ieres hi ail', 0.wi~g 
bel' 19, 1916, I have descrIbed a new -type to the fact that the VISCOSIty of such a lIq.uld 
'of speed measurmg instrument wherein the decreases rapidly as its temperature'rises, 90 

40 adhesion and viscosity of a gaseous mediuJl!" ,and so to a successful "mercury-drag" in~ 
, preferably air, is litilizedfor torque-trans- strument temperature compensation,is req-
missi?niroma priIil~ry driv~ng t? a second- ' 1.1.isite. '.. 'I .: .' 
ary pivoted'and tprslOnally restramed mem~ 'The underlymgIdeas of thIS lllventlOn 

~ her under conditions such' t)ia~ the rotary can be carried out in various ways and are 95 
4"6 effort exerted upon the latter is linearly pro..; capable of many valuable uses, but fOI(pur-
, portionaf'to t~~ !ate ofrotati?D, ot ~he for- poses ofdiscl~sur:e,.;specifi~ reference to a, 

mer. The prlllClples of that lllfentlOn find form of s~ed llldlCator deSIgned for use on 
·place in mypreseht construction. 'Such"air an automobile is adequate. , ' ' 
dra.g"/s~eedo~eters hfl:ve been found c~pable ~s in the. sti'?:cttire descr~bed in }D;y stated 100 

50 of.meeting satIsfa,ctorily the cpmmer~IaI 1,'e- pr~ applIcat~oIl'} proyide ~rIvmg and' 
quU'emep.ts for both large and small mstru-' driven members 'Wlth Mnrrontmg, closely-

, " ~ 



adjacent, non-contacting, smooth, annular a reservoir filled with the liquid, 20, as mer- O§iJ 
friction surfaces, co-acting for transmission cJ1ry, and the liquid normally extends part 
of torque through, the viscosity and adhesion way up the very narrow interspace.21 be-
of interposed thin films of a suitable me- tween the' two elements to contact with less 

I) dium~in this caSe mercury-under condi- . than the whole of their confronting friction 
. tions to prevent free exchange of fluid acting surfaces. With mercury as the medium, in 7@ 

lon the system, to pl'eventits local circula- an instrument with a secqndary cup of one 
tion and eddying, to maintain its flow calm inch diameter I find an interspacecwidth of 
and non-turbulent,' and to secure as low ve- .0.05 inch to be satisfactory. 

llG locity of the medium with respect to the It will now be seen that when shaft 11 is 
system as the circuJIlstances of the case may rotated the mercury in the cup is entrained 75 
make desirable. These conditions all aid in and in turn produces a drag upon the 
the attainment of rigorous linear propor- pivoted member 12, the torsional effort being' 
tionality of: deflection of the secondary to directly propo.rtionate to the active area, 

. 15 the speed of rotation ofthe primary element viscosity of the fluid Rnd the speed of rota
under given temperature conditions. Addi- tion and, inversely, to the width of the inter- 80 
tionally, by suitable construction I make itA. space 21 Or distance between , the rotated and 
possible to obtain a nea:rly perfect compen- pivoted surfaces. If v be coefficient of vis
sation for temperature changes so that the cosity, A the active area, 8, the speed and d 

20 deflections may be rigorously proportionate the distance between the juxtaposed rotating 
to speed within limits of temperature varia- and pivoted surfaces, all of the' quantities 85 
tion wider than I believe likely to oceui· in being expressed in proper units, . then the 
the practical uSe of the instrument. I at- twisting force 
tain this compensatory result by providing vAs' 

25 thermo-responsive means to vary the effec- IF=a dynef!!. 
tive area of the ,secondary element upon Bill 
which the m€~i]Jm acts in approximately When,through changes in the externa1 con: 
inverse proportion to temperatureceffected ditions. or work performed on the fiuid, the 
changes of yisco~ity of the medium, and. as temperature of the same is raised, two efc 

SO' a preferred specific means to this end, I fects, separate and distinct, are produced. 
'\ dispose a body of the liquid beyond, but In the first place, the viscosity is diminished !J~ 

communicating with, the active portion of according to a certain law, reducing-corre
the liquid medium and of such quantity spondingly the torque, on the 1 other hand, 
that, in effectively the same measure as vis-the fluid expands thereby enlarging the 

85 cosity and, consequently, the torque is di- areas of the active, or liquid - contracting, 
minishedor increased with temperature surfaces of the elements with an attendant !@@ 

.changes, the active liquid-cont~cting area of increase of rotary effort. Obviously, then, if 
the secondary member' is enlarged or reduced it is possible so ,to relate these action& that 
owing to the expansion or coptraction of the they mutually aimul each other upon any 

<l~ fluid. ' ,change of temperature, a complete compen- .. 
In .the drawing Figure 1 is a top view of sationmay' be obtained .. This result, I lUll» 

a speedometer;' r . have ascertained, can be almost perfectly 
Fig. 2 is a central vertical section there- realized with a liquid, as mercury, by prop~ 

through; '. erIy proportioning the voluine of the cham-
45 Fig. 3 shows a . spring- adjusting arrange- , ber-contained, or compensating, component 
.m~nt; and 20c Of the liquid and the cOmponent 20a of ]] @ 

Fig. 4 and, Fig. 5 ~re. di~gr~m.s explana- the liquid in the interspace 21. With a view 
tory of the compensatmgprmClple. ,to simplifying this explanation, be it sup-

In Fig. 4 the primary or driving member posed that the force F is wholly due tothe 
50 is a cup.to carried by a freely rotatable ver-liquid component 20a (the drag exerted on 

tical shaft 11. Within it 'the cylinder- the bottom face of cylinder 12 being assumed Uf.l 
formed secondary meniiber 12 is monnt~d on to be negligible and the bearings to be fric- , 
a spindle 13, journaled in jewels 14 and 15, tionless). It will be evident tIl at under these 
of negligible friction, for pivotal displace- conditions the active area will increase as 

:55 mentagaipst the restraint of a spiral spring :the volume of the fluid. Perfect compensa-
. 16, connected at its. ends respectively to tion would require that upon a rise of tem- )lliIO 
.. fixed support 17 and spindle-coUar18, so . perature, the active area, and therefore the 

that by pivotal displacement of the second- torsional effort, be' augmented in. the same 
ary cylinder against the reSisting spring ratio as viscosity is diminished. In other' 

1lI0 tension, the torSionaleffol't exerted on the words, the percentage of decrease. of vis-~. 
secondary member may be measured. The cosity divided by that or increa!,)8 Of area.. 126 
spring is .such that its displacements are should be the same for all temperatures. 
linearly propo~tionate to the force applie~. Attention is called to the table below show
The~ower .portlOn 19, of the cup-chamber: IS ing that, with mer<.lury as the medium, th~ 

~ 



1,274,816 

10 

20 

value of this fraction at ordinary tempera
tures is about, or not far from, 20. 

Tempera- Volume Viscosity Percentage Percentage Value of 
ture C. of fluid. of fluid. of Increase of decrease ratio. of V. of v. 

---------

T V b 
b v a a 

" ------ ---
-20 0.996364 0.018406 -0.3636 -8.2718 22.75 

, -15 0.997273 0.0l8038 -0,2727 ~6.1029 22,36), 
-10 0.998182 0.017681 -0.1818 -4.0074 ' 22.04 
-5 0.999091 0.017335 -0.0909 -1.9722 21. 70 

0 1.000000 0.017000 0 0 21.35 
5 1.000909 0.016663 0.0909 1.9107 ,21.02 , 

10 1.001818 0.016361 0.1818 ' 3.7603 20.68 
15 1.002727 0.016057 0.2727 5.5505 20.35 
20 1.003636 0.015762 0.3636 7.2706 20.00 
25 1.004546 0.015477 0.4546 8.9564 19.70 
30 1.005455 0.015202 0.5455 10.5750 ' 19.38 
35 1.006365 0.014937 0.6365 12.1410 19.07 
40 1.007275 0.014680 0.7275 13.6470 18.75 
45 1.008185 0.014433 0.8185 15.1031 18.45 
50 L 1.009095 0.014194 0.9095 16.5073 18.15 

This means to say that if the total volume 
of the liquid is twenty times that contained 
in the interspace between the elements, the 
two opposite effects, one increasing and the 

25 other reducing, the torque, will approxi
mately balance. This fact is borne out .by 
practIcal tests, and measurements, whIch 
have demonstrated that by constructing for 
this volumetric ratio deflections very closely 

30 proportionate to the speed are obtained 
through a range of temperature variations 
far greater than ordinarily occurring. For 
commercial purposes it is quite sufficient to 
employ a ratio 'of approximately the stated 

35 value as the error involved in a small de
parture'therefrom is inconsiderable. When 
necessary or p,esirable, greater precision can 
be obtained by taking into account four sec
ondary e;tfects, due to expansion or contrac-

40 tion of the walls, which slightly modify the 
torque; first, chapges in' the volume of the 
reservoir; second, in the distance between 
the opposed surfaces; third. in active area 
and, fourth, in velocity. Increase in the 

45 former, two tend' to diminish; the latter to 
augment, the viscous drag. A satisfactory 
ratio in a cylindrical type of instrument 
has been found to be about 24. 

Fig. 5 illustrates a different arrangement, 
50 exemplifying t1;lesame principle of employ

ing a reservoir-contained liquid body as the 
thermo-responsive means to compensate for 
yiscosity changes of the active liquid. In 
this case a spindle~carried disk 12' serves as 

65 a secondary element,' while the primary 
member consists of a; hollow shell 10' with 
ann.:ular surfaces 23 confronting the disk 
surfaces and encompassed by an annulF 
chamber 20', so that under rotation the mer-

~o cnry body fills the chamber and occupies 
pei'ipheral portions of the interspaces 21 
between the flat confronting surfaces. It 
is 'hardly necessary to remark that since 
there are two such interspaces 21, the cal-

culation of capacity of the reservoir or 36 
chamber 20' ,beside considering the form of 
the device, must take account of the active 
mercury body in both interspaces. 
, In Figs~ 1 to 3a complete commercial in
strument embodying my invention is shown. 70 
Specifically, 25 is a tube threaded at 26 and 
carrying at the top a casing head 27 the 
whole forming a honsing for inclosure of the 
moving parts. The driving shaft 28 ~arries 
a cylindrical cup 29 in the bottom of which 75 
is screwed a ,plug 30, turned down as 31 for 
the purpose of providing the reservoir 32. 
The cup 29 is closed, at its upper end by a 
tighLfittinJ!: cover 33, having an upwardly' 
extending shank 34, carrying a pinion 35 to' lIG 

I drive suitablewheehvork 36 of the odometer 
contained in the lower part of the head 27. 
This structure, providinrr theprimar:r ele
ment, is rotatable in ball-bearings 37 and 38 
fixed in tube 25 and adjustable by means of 86 
nuts 39. 

The secondary element is made of a very. 
thin metal cup 40, inverted and secured to 
slender spindle 41 mounted in jeweled bear
ings 42 and 43, respectively ,carried in a ~o 
cavity. of plug 30 and by a frame arm 43'. 
A running bearing 42 can usually be em
ployed without detriment" but a fixed bear-
ing may be used if desired. The weight of 
the secondary member with its movable at- 95 
tachments should be so determined that the 
upward thrust against jewel 43 is very 
slight. The torsional twist of secondary cup 
40 is resisted by a spiral spring 44 lodged 
ina turned recess of.a frame plate 45, hav-' 100 
ing one of its ends connected to collar 46 
fas~ o~ the spird.le 41 .an~ the other to Ii 
splIt rmg 47 sprmg-grIppmg, the wall of 
the recess in plate 45. By inserting pincers 
in holes 48 (Fig. 5) and contracting the ring 105 
it is freed sufficiently for adjustment to 
bring ,the spindle-carried indicator 49 to 
point to zero of the graduated scale 50 that, 
if all of the prin(,)iples of my invention are 
best embodied, may be made uniformly 110 
graduated. The scale is carried on plate 
45 and, together with the support 43', is 
held in place by a rim 53 that suitably ,car-
ries the glass cover 52. The odometer may' 
have any suitable number of indicating ele- 115 
ments of different orders suitably geared, 
the two hands' Mand 55 sweerip.g over 
gr~duated dials ~6 and 57, typifying an,y 
smtable constructIOn. "" 

It will be apparen.t that the high torque 120 
at low speed developed through the mer
curial transmitting medium makes the in
strument very effective, as one for use ~n 
automobiles, and while it is' true that with 
a heavy fluid, as mercury, the range of ve- UG 
locity of the medium throughout which prd
portionality of torque to speed, under the 
described conditions, is rigorously linear 



falls below the range available where ail' is 
themediuIh, a construction presenting the 

· friction surfaces of the elements in a cylin
der-form as-suggested in Figs. 2 and 4: per

c {$ mits of the use of a suitably constructed de
vice 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~cessful use of 

ll@ mercury in the present described instrument 
(or other rotary devices) it' is important 
that the mercury be pure, the surfaces con
tacting therewith smooth, clean and non
granular (preferably nickel-plated or made 

UP of non-corrosive, high grade steel) to mini
mize abrasion .and keep the mercury clean, 

· and that the linear velocity of the mercury 
be kept low, preferably belo:"v six feet pel' 
second, in order that it may not break up into 

20 minute droplets or apparently-powdered 
form. 

What I claim is: 
1. In combination, driving and driven ele

ments, having opposed, closely-adjacent, 
25 non-contacting friction surfaces; a liquid. 

body interposed between active areas thereof 
through which· the driving element fric
tionally drags 'the driven one and thermo
responsive means for varying the active 

lW .area of the secondary in approximately in
verse proportion to the thermo-effected va-
riations in viscosity of 'the liquid. . 

2. 'In a temperature-compensating speed 
indicator, the combination of variable speed 

3{$ primary and movement-restrained secondary 
elements that are suitably supported for 
separate movement and have opposed fric
tion surf3ices in close but non-contacting 
juxtaposition; an interposed liquid body 

4@ . contacting normally with active areas of 
said surfaces less than. the whole thereof9 

and thermo-responsive means for varying 
the liquid-contacting areas of said elements 
approximately inversely to the thermo-

,;\15 effected variations of liquid viscosity. 
3. In a temperature-compensating speed 

. indicator, the combination of variable speed 
primary and movement-nistrai'ned secondary 
elements that are suita,bly supported foll' 

5@ separate movement and have opposed clbsely
adjacent non-contacting friction surfaces; 
an interposed liquid body and thermo-re-

sponsive means for varying the active areas 
of said. surfaces in predetermined propor
tion to thermally-effected changes ofJiquid 51D 
viscosity. _ 

4. In: a temperature-compensll,ting speed' 
indicator, the. combination: of variable speed 
primary and movement-restrained secondary 
elements' that are suitably supported folt 6@ 

separate movement and have opposed 
closely-adjacent non-Gontacting friction sur
faces; a liquid body partially filling the in
terspace between said surfaces, and thermo
responsive means for varying the oliquid 65 
quantity within in' said interspace in pre
determined inverse ratio tothermo-efi'ected! 
changes of liquid viscosity. - -

5. The combination with driving' and 
driven elements having opposed, closely- 'II!)) 
adjacent, non-contacting friction surfaces 
and an interposed liquid body contacting 
with active portions thereof, of a compen
sating liquid body communication with the 
said interposed or active one, and propor- 'lib 
tioned to vary the effectivE;', contact area of 
the active liquid approximately inversely 
to its temperature-effected :viscosity changes. 

6. The combination with ;freely movable 
driving and movement-resisted driven ele- @@ 

ments, having friction surfaces in opposed, 
closely-adjacent non-contacting relation, of 
means providing a reservoir, communicat
ing with the interspace between said ele
ments, and a liquid bOdy having a reservoir- 9!i1 
filling component and an. active· torque
transmitting . component that normally, 
partly occupies said iIite'rspace, these com· 
ponents proportioned i volumetrically for 
temperature-effected change of. the contact 0® 
area of the. active component in approxi
mately iriverse ratio to the attendant 
changes of liquid viscosity. . 

7. Ina temperature-compensating speed 
indicator, the combination of a freely rota- (:J(;J 
table cylindrical cup; a. cylinder-formed 
member in the upper portion thereof, 
pivoted and spring-:,!'estrained; and a body 
of mercury filling the reservoir-portion of . 
the cup below the pivoted' member and ex- ll®@ 
te~ding partially in the. narrow interspace 
between the cup and cylinder~ 

In.testimony whereof I a:ffi.x my signature. 
. . . NIKOLA '.lL'ESLA. ' 
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. ']'0 aU whom. it may concern: Mo~e adyantageously in some respects, 
Be it known that I, NIKOLA TESLA" a citi- however, a turbine propeller of simple con

zen of the United States, residing at New struction ma,y be employed, as shown in 
York, in the county and State of New York, Figs. 6 and 7. The rotor· in this instance 

5 have invented certain new and useful Im- . has a vertical shaft 23' and the wheel 22' 60 
provements, in Ships' Logs,' of which. the is formed of thin, parallel, closely-spaced 
following is a full, olear, and exact descrip- disks each h'aving a central opening. The 
tion; . . wheel is arranged in (t' cylindrical housing 

My invention provides a ship's log of 26' that has inlet nozzles 31 and outlet ports 
10 novel and advantageous construction and 32 so -disposed that the water enters the in- 65 

operation, designed to give instantaneous . terspaces between the d.isks tangentially to 
rate-readings, as in knots, or miles per hour. rotate the _ wheel and finds escape through 
The customary log is trailed astern, twisting the ports 32 that communicate with the cen
the flexible connector that drives a revolu- tral orifices of the disks. This type of 

15 tion-counter on the vessel, and many dis- constr,uctloh has many advantages due to its 70 
advantages of such arrangement are obvious. reliability and efficiency, but preferably it 

In my instrument I combine very advan- should be eonst.ructed· to permit the disks 
_ tageously a propeJler rotatable proportion~ and casing to be readily cleaned,casing 26' 
ately to vessel-speed and a speed indicator being maddn two horizontal sections bolted 

20 driven by it and reading directly in the de- together as at 33, each section having a de- 75 
SIred terms, preferably upon a SUbstantially tachable head 34. . 
uniformly-graduated scale. '- A flexible and longitudinally elastic 

In the drawings, Fjgure 1 diagrams the sleeve, 35, of coiled strip metal is fastened 
log in use; at opposite ends by threaded caps 36 and 

25 Fig. 2 shows it in vertical section; 37 to the boss 17 and to a threaded part on 80 
, Fig. 3 illustrates speed-indicator parts the propellel,' casing, so that the propeller 
with the casing broken away; - mechanism is supported from the mdicator 

Fig. 4 is a section on line 4-4 "of Fig. 3; casing for removal therewith. 
Fig. 5 is a section on line 5-5 of Fig. 2. By suitably constructing the submerged 

so Fig. 6 shows in section a turbine form 'of paI:ts of bronze, enameling them, or other- 85 
propeller, and wise making them -substantially immune to 

Fig. 7 is a section on line 7-7 of Fig. 6. corrosion, a~l~quate durability is attai1?-ed, 
To the vessel 10, preferably near its bow, and the faCIlIty of removal for cleamng, 

is suitably affixed a tube or barrel, 11, with oiling, repairs, etc., -makes the under-water 
85 a threaded plug 12 closing its lower end, parts easy to maintain in good order. The -90 

where the tube preferably dips below the pliant shaft, slip-connected at one end and 
level of the boat's keel. At the top-near its stout protective sleeve, strong yet flexible 
the deck or other point of observation-the and extensible frees the bearings from strain 
speed-indicator 13 is mounted, its casing 14, and makes the connection uniformly effi~ 

40 that carries all of the moving parts being cient under changes of conditjons as to 95 
detachably secured, as by screws 15, to the temperature,etc. 
top-flange 16 of_ the barrel. -A boss 17 on The speed indicator 13 preferably pro
the ~nderside of casing 14 supports the ball vides as its primary element 41 a multiple
bearlllg 18 for the prImary element of the walled cup,' fast on shaft. 20, and as a 

45 indicator and a seal 19 for its flexible drive- ,- secondary, or indication-~iving, member a 100 
s~af~ ~O that connect~preferably through It !ightly-constructed pivoted, ~nultiple-walled 
slIp-Jomt squared umon, 21, to a propeller- mverted cup structure 42, WIth the annular 
driven part. The propeller may be of com- walls interleaved in closely adjacent non
mon forin as shown in Fig. 2, at 22, with. its contacting relation for transmission of turn-

50 shaft 23 horizontally mounted in the bracket ing effort from the one to the other through 105 
24 spanning the tubular passage 25 of It intervening films of the casing-contained 
housmg 26 that fits neatly in the barrel and fluid medium, as air, in approximately linear 
is held in register with ports' 27 and 28 ,by proportion to the speed of the primary-. 
guide-ribs 29. Such a propeller drives the Specifically the secondary cups are, de-

65 shaft 20 through bevel gears 30. pendent from an arm 43 projecting from 110 



spindle 44, having jewel hearings in yoke 
.45 carried by bridge-piece, 46, that spans 
the casing 14, and the dial 47, calibrated 
according to a suitable constant to read in 

5 knots, or miles per hour or other units of 
rate, is borne by the cup-structure below a 
fixed hand 48 visible through the sealed 
cover-glass 49. A coiled spring 50,con
nected at its ends respectively tb the pivoted 

10 secondary element and to a fixed support, re
sists the pivotal displacement of the indi
cation-giving member. . The light secondary 
element, qllickly and accurately responsive 
approximately directly proportionately to 

15 the speed of the propeller-driven primary 
member, and little affected by tremors, tem
perature changes and other extraneous in
fluences, gives adequately accurate readings 
in the desired terms, showing instuntaneously 

20 changes of the vessel's speed. 
What I 'claim is: 
1. In ship's log, a barrel having water 

flow openings near its bottom, a speed-in-
dicntor detachably secured to one end of the 

25 ,barrel, a flexible shaft for the speed-indi
cator, a propeller connected to the shaft
end, a housing for the propeller, registering 
with the water-flow openings, and a sleeve 
surrounding the shaft uniting the housing 

80 and casing, for extraction of the propeller
parts 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 

85 to the upper or observatio;'l end oUhe barrel, 

a propeller having a housing and adapted 
to pass through the barre], a flexible shaft 
slip-fitted to connect the propeller and speed 
indicator, and a flexible sleeve connecting 
t.he propeller-housing and indicator-ca.sing. 40 

3. In a ship's log, the combination of a 
barrel having waterflow openings near it", 
bottom, a speed indicator having a casing· 
detachably secured to one end of the barrel, 
a shaft for said speed indicator extending 45 
eentrally through the barrel, a propeller for 
the shaft end, a housinO" f.or the propeller, 
said housing being smafier than the barrel, 
and a sleeve surrounding the shaft uniting 
Baid housing and said indicator casing for 50 
effecting extraction of the propeller parts 
when· the speed indicator is removed from 
the barrel. 

4. In a ship's log, a barrel, a speed indi
cator having a casing secured detachably to 55 
the upper end of the barrel, a propeller hav
ing a housing and adapted to pass through 
the barrel, there being registering OPPIl-

. ings near the bottom of the barrel and in 
said housing for water-flow to the propcllnr, 60 
a flexi?le ~haft connecting said l?rOpE'll~1' and 

.'. speed I1}dlCat?r and makmg axudly slId able 
connectIon wIth one thereof, and a flexible 

. and axially expansible sleeve connecting the 
propeller housing and the indicator casing 65 
for extraction of the propeller parts when 
the sp'eed indicator is removed from the 
barrel. 

In testimony whereof I affix my signature. 
NIKOLA TESLA. .' 
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1'0 all 'wlWJn it may (JO'noe1'n: direction, otheI' than surface friction, con-
Be it known tlutt I, NIiwLA TESl,A, a citi- RtitutH an almost impassable barrier to its, 

zen of the United States, residing at New flow in the opposite ~em;e by rIJltson of the 
York, in the county ~nd State of New York, more or less sudden ex'pallsions, contractions, 

5 ]lItve invented cel'tam new and useful Im- tieflections, reversals of direction, stops and 
provements in Valvular Conduits, of which starts and attendant' rapidly succeeding 60 
the following is It full, clear, and exact de- trans~ormlltionsof the pressure and velocity 
scription. ' . energIes. 

In ll12st o~ the machinery universall¥ ~rn- For the full and complete disclosure of 
10 ployed for the development,tl'llnSllllSSlOn ,the device and of its mode of action refer

Ilnd transformation of mechanicnl energy, ence is made to the accompanying drawings 65 
fluid impulses are mnde to pass, more or in which- , 
less freely, through suitable clutnnels or con- Figure 1 is a horizontitl projection of such 
duits in one direction while their return is a valvular conduit with the top plate re-

15 effectively 'checked or entirely prevented. moved. 
This function is generally performed by de- Fig. 2 is side view of the same in eleva- 70 
vices designated ItS valves, comprising care- ti(}fl. 
fully fitted members the precise relative ~ Fig. 3 is a diagram illustrative of theap
movements of which are essential to the effi. plicittion of the device to a fluid propelling, 

20 cien~ and relia,l;>le operution of the appa· machine such as, a reciprocating' pump or 
ratus. The necessity of, and absolute de~ compressor,cJ:!,nd ' 75 
pendence on these, 'limits the machine in FIg. 4 is a plan showing the manner' in 
Hllmy respects, detracting from its practical which the invention is, -'01' may be used, to 
value nndadding grelttly to its ~ost of 1l.lan- operute a fluid propelled rotary engine or 

25 ufncture and maintenance. As a rule the turbine. ..,. 
valve is a delicate contrivange, very liable Ueferring to Fig. 1,1 is ,It casi~g of metal 80 

, to wenr and get out of order and thereby or. other· suitable material which m'ay be ' 
imperil ponderous, complex anC!. costly cast, milled or pressed from sheet in the 
mechanism and, moreover, it fails to meet desired form. From its side-walls extend al-

so the l'equirements when the impUlses are ex- ternatively projections terminating in buck
tremely sudden 01' l'apid in sUCcession and ets 2 which, to facilitate manufacture are 85 
the fluid is highly heated or corrosive. congruent and spaced at equal distances, but 

Though these and· other correlated facts need not he. In addition to these there are 
were knowIl to the very earliest pioneers in independent partitions 3 which are deemed 

S5 the science and art of mechanics, no :temedy .of advantage and the purpose of which will 
has as yet been found or propoSed to date . be made clear. Nipples 4 and 5,one at each 90 
so far as lam aware, and I believe that I end, are provided for pipe connection. The 

·am the first to discover 01' invent any means, bottom is solid and the upper' or open side 
, which permit the performance of the abov-e is closed, by a fitting plate 6 as shown in 

40 function without the. useo£. moving parts, Fig. 2. When desired aily number of such . 
and which it is the object of this application pieces may be joined in series, thus making· 95 

. to describe.. . ,u.p a valvular. conduit Of such length as the . 
Briefl,y ,expressed, the advance: I have CIrcumstances may require. ' 

nchieyest· consists in· the ~mployme~t ofa . In elucidation of the mode of opera.tion 
:u peculInr chqpnel orcondUlf charactIzed by let it be assumed that the, medium under 

valvular actIOn. . .. pressure be 'admitted at 5. Evidently, its 100 
The inye~tion cll,n bee!Ubog.ied in. many approximate pa,th will be as! indicated by 

constructIOns greatly va'rled mdetaIl,but -the dotted line .1, which ,is nearly straight, 
for the explanation of the underlying prin~ . that is to say, if the channel be' 0'£ adequate 

50 dple it may be broadly stated that the in- cross-Section, the fluid will encounter a very 
tel'io)' of the conduit is pro!ide4 with en- small resistance ,and pass through freely 105 
Itll'gements,. recesse~, proJe?tlonsl haftles or and undif'lturbed, at least to a degree. Not 
buckets Jwlllch,whIle offerll~g vu-tually no so if the entrance be at the opposite end 4. 
l'tlsistnnce to the p~sl\ge of ~he fluid, in o~e In this case the flow w111 not be smooth 
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and continuous, but intermittent, the fluid cyclic proce.'3ses in a given length is an 
being quickly deflected and reversed in di- obvious conclusiont- but there is no direct' 
rection, set Hi whirling motion, brought to proportionality because the successiveac
rest and again accelerated, these processes tions diminish in intensity. Definite limits, 

5 following one another in rapid succession. however, are set constructively and other- 70 
The partitions 3 serve to direct the strlt~m wise to the number of elements pel' unit 
~pon the ~ticke~ and to intensify the ~c- length of the channel, and the most economi
tlOns 'causmg VIolent surges and eddIes cal design can only be evolved through long 
which interfere very materially with the experience. . . 

10 flow through'the conduit. It will be readily Quite apart from any mechani6al features 75 
observed that the resistance otrered to the of the device the character of the impulses 
passage of the medium will be considerable has a decided influence on its porformance 
even if it be under constant pressur6, but and the best resultS- will be secured, when 
the impediments will be of full effect only there are produced at 4, sudden variations 

15 when it is supplied in pulses and, more es- of pressure in relatively long intervals, 80 
peciallyz when the same are extremely sud- while a constant pressure is maintained at 
den' and of high frequency.' In order to . 5. Such is the case in one of its most valu
bring th~ fluid ~~sses to rest a!ld to high able industrial applications which will be 
velocIty In short mtervals of tIme energy specifically described. 

20 must be furnished at a rate which is unat- In order to conduce to a better under- 85 
tainable, the result being that the impulse " standing, reference may first be niade to Fig. 
cannot penetrate very far before it sub- 3 which illustrates another special use and 
sides and gives rise' to mov~ment in the in which 8 is a piston fixed to a shaft 9 and 
opposite direction. The device not. only fitting freely in a cylinder 10. The latter is 

25 acts as a hin'derment to tb-e bodily return. closed at both ends by flanged heads 11 and 90 
of particles but -also, in a' measure,as a 12 having sleeves or stuffing boxes 13 and 14 
check to the propagation of a disturbance for the shaft. Connection between the two 
through the medium. 'Its efficacy is chiefly compartments, 15 and 16, of the cylinder is 
determined; first, by the magnitude of the established through a valvularconduJt and 

30 ratio of the two resistances offered to dis- each of the heads is similarly equipped. 95 
turbed and toundisturbeq flow, respegtively, For the sake of simplicity these devices are 
in the directions from 4 to 5 and from 5 to di1a,grammatically shown, the solid arrows 
4, in each individual element of the con- indicating the directioIi of undisturbed flow. 
duit; s,econd, by the number of complete An extension of the shaft 9 carries a second 

35' cycles of adion taking place in a given, piston 17 lLccurately ground to and sliding 100 
length of the valvular channel and, third, easily in, a cylinder 18 closed at the ends by 
by the character of the impulses themselves. plates and sleeves as usual. Both piston 

. A fair idea may be gained from simple .and cylinder are provided with inlet and 
. theoretical' considerations. outlet 'ports marked, respectively, 19 and ilO. 

40 . Examining more closely the mode of op- This arrangement is familiar, being repre- 100 
eration it will be seen that, in passing from sentative of a prime Ipover of my invention. 
one to the next bucket in the direction of termed "mechanical oscillat~r", with which 
disturhed flow, the fluid undergoes two it is practicable to vibrate a system of con· 
complete reversals or deflections through ISO siderable weight many thousand times per 

45 . degrees while it suffers only two small de- minute. 110 
. viations from about 10 to 20 degrees when Suppose now that such l'apid oscillations' 
moving in the opposite sense. In each case are imparted by this or other means to the 
the loss of head will be proportionate to:t piston 8. Bearing in mind the proceedin'g, 
hydraulic coefficient dependent on the angle the operation of the apparatus will be un-

50 of deflection from which it follows that, derstood at a glance. While-moving in the 110 
for the same velocity, the ratio of the two direction of the solid arrow, from 12 to 11, 
resistances will beas that of. the two coeffi- the piston 8 will compress the air or other 
cients. The theoretical value of this ratio medium in the compartment 16 a.~d expel it 
may' be 200 or ·more, but must be taken as from the same, the devices in the piston -and 

55 appreciably less although the surface fric- head 11 acting", respectively, as closed and 120 
tion too is greater in the direction of dis- open valves. 'During the movement of the 
turbed flow. In order to keep it as large piston in the opposite direction, from 11 to 
as possible,sliarp bonds sho'Q,ld be a.voided, 12, the medium which has meanwhile filled . 
for these will add to both resistances and re- the chaml><'r 15 will be transferred to com-

60 duce the efficiency. Whenever practicable, partment 16, egress being prevented by the 120 
the pi~e shou.,Id be straight; the next best device in head 12 and that in the piston al-
is the Clrcular form. lowing free passage. These processes will 
, That the.peculiar·function of such a con- be repeated in very auick succession .. If the 
duit is enhanced by increa-sing the number nipples 4 and 5 are'· put in communication 

65 -of buckets or elen:J.e~ts_ !.!-~d, consequently, with independent reservoirs, the osci1la- 130 
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tionJ of the piston 8 will result in a comfres. these is, normally, open, to the atmosphere 
sion of the Ilcil' at 4 nnd rarefaction 0' the while ,the other connects to It soui'ce, of fuel 
SltllW,ltt O. Obviously, t.he valvular c}utn· supply' as a gns main 28. The bottom of 
lH':ls being tUl'Ued the other way, as indio the cOllib.ustion chamber terlllinntes in a suit-

5 clltcdby dotted lines in the low(~r part of able nozzle ~9 which' consists o,f separate 70 
the figure, t.he opposite will take pllwe. The piece of heat resisting' material. To regulate 
<1evict's in t.he piston lllwe beten shown merely the influx of the explosion conHtitncnts and 
by wily of suggestitm and cun be dispenst~d Hecure the propel' mixture the air and gns 
wit.h. l~l\ch of thH chambers 15 Imd Hj he- conduits tU'e equipped, respectively, with ; 

10 ing connected to two conduits ItS illustmted, vl1lves 30 Imd 31. The exhaust openings 75 
the vibrations of n. solid piHton as 8 will 32 of the rotor should be in cOlllmnnicntion 
have the Sitme effect and the nuwhine will with n,' ventilator, pl'efemhly carried on the 
then be It double Rcting pump or compressor. ' Sitme slutft Itnd of Itny suitable constl1.wtion. 
It. is likewise nnessential t.hltt the medium Its use, however, while advantageolls, is not 

15 should be admitted to the cylinder through indispensnble the sl,ction J.>rodllced by the 80 
such devices for in certltin 'instances ports, t.urbine rotor itself being, m some cases, at 
alternately closed and opened by the piston, lenst,' sufficient to insure propel' ",ol'king. 
llmy serve the purpose. As It matter of This detail is omitted from thedmwing as, 
cOlirse, this novel method of propelling fluids unessentin.l to the understanding.. ' 

20 clln he extended to multistage working in' But a few words will be needed to'make 85 
which case a .number of pistons will be em- clear the mode of opemt.ion; The air vnive 30 
ployed, prefembly on the same shaft and of being open Itnd sparking ,estltblished across 
different diameters in conformity with well terminals 27, the gas is tllrned on slowly un
established principles of mechanical, desi!-,l'Jl. til the mixture in the chamber 24 l'ellches the 

'25 In this way any desired ratio of compres- critical state o,nd is ignited. Both the con- 90 
sion or degree of rarefaction may be at- duits behaving,. with respect to efflux, Its 
tained. " '", closed valves, the products of combustion 

Fig. 4 exemplifies a particuln,rly vahmble rush out through the nozzle 29 acquiring still 
application of the invention to which l'del'- gore!tter, velocity by expansion and, impart-

30 ence has been mnde above. The drawing mg thell~ momentulll t(} the rotor 21, stnrt it 9 [) 
shows inverticI11 cross section a turbine from rest. Upon the Hubsidence of the ex
which may be of n.ny type but is in this in- plosio,n the pressure in the chamber sinks 
stance one invented and described by me and below the atmospheric owing to the pUIlIP
supposed to be familinr to engineers. Suffice ing action of the rotor or ventilator and new 

35 it to state that the rotor 21 of the sRqie is COUl- ail' and gas is permitted to enter, clelming 100 
posed of flat plates which ~tre set in motion the ca.vity and chllnnel~-Imd making up n 
through the ndhesive and viscous action of fresh mixture which is detonated as before, 
the working fluid, entering. the 'system tn,n- ltnd so on, the successive impulses of the 
gentially at the periphery and leltving it Itt, working fluid producing an almost con-

40 the ce~ter. Such a machine .is, a,' thermo- , t!nuous rotary effort. After It, short lapse of 105 ' 
dymunIc transformel' oian actlvity .surp!t.'oJs- tune the chamber becomes heated to such a 
ing by fnl'thnt 'of any other prime mover, degree tlmt the ip:nition device Ull1y be shut 
it be.ing demonstrated in pl;a.ctice that each off without disturbing the established regime, 
single disk of the rotor is cltpable of per- 'I'his mmlller of starting the turbine involves 

45 fOlming itS much work asa whole bucket- the employment of 1m unduly large cOlllbllS- 11 0 
wheel. Besides, n number of other Itdvltn- tion ch!t1nber which is notcommendnible from 
tlt~eS, equally iqlportant, make it especially the economic point of view, for not only does 
adapted for opera.tion as an'internal cOlllbus- it en toll il increased heat losses but tIle' ex
tiOll llIotor. This mltY be done in many plosioJUo; C!trinot be made to follow one an-

50 ways, but the simplest and, mo~t direct plltn OtlWl' with such rapidity as would be desir- ]16 
of 'which I am aware is the Qne illustruted able to insure the best valvular action. 
here, Referl'in,!!; again to the drawing, the When the chmnher is small lI,ll ltUxiliary 
upper part of the tUl'bin~ casing' 22 hItS bolt~ means for starting, ns compre~sed l\.i1', nmy 
e(l to It a, separnte castIng 23, the, central he rPHolied to and It very qlllck succession 

55 cavity 24 of which forms the combustion of explosions can then he obtained, The 120 
c!lltlnber., TOJ?revent injury through exces- freqllen~y will be the greater the, strong~r 
Slve heatmg Il Jacket 215 may be used, 01' else the suctIOn, and may, under cel'tltm ,couch
water injected, !tud when these Illeans are tions, reach hundreds and even thousands 
objectionable recourse maybe had to ail' pel' seeond. It scarcely need lie stIlted that 

60 c(?oling, this nIl thl'.' more readily as very instead of one sevel'ai explosion chambers 121\ 
Illgh te,mperl\.t~ll·es are pl'Itcticable. Th~ top may he used Tor cooling pnrposes Imel also 
of ca~tmg 23 IS cl,osed by a, plate,2G, wl~h It to mcrense the, number, of active pulses Ilnd 
sparkmg or hot WIre plug 27 and m Its SIdes ,the output of the machme. ' , 
are, sCl'e,,:ed two vnlvulnr conduits communi- Apparatlls as illustmted in Fig. 4 pre-

65 eatmg wlth the central chamber 24. One of sents the advantages of eJttl'eme simplicity, 130 



1,329,tHS9 

elwapn{',ss and I'el iahi I ity, LllI'l'e !lei IIg 110 

~collJpreSS()I', bll<'iwts or tl'OlIblesOllw val ve 
llIec1mnislll, It; also perlllits, with thl\ a(ldi
tion of e(wtaill well-known a('ellss(wim;, the 

I> use of any kind of fllel Ilnd thlls IIHletl; the 
preK."ling Jw(:essiLy of It self-contained, pow
erfll I, I ight and COlli Plwt i nt.<~I'naleomblls
tion motor for genel'lll wol'l" '''hen the Ht
tainllwllt of the h igl,wst e/lieiprwy is the ehief 

10 object, as in IlIHl'hines of lurgp' sille, the eX
plosive constitttenh; will jmstt)lplie(l ttndel' 
hi~h pressure and pl'ovisioIl IJIIl!le for main
taming Il VaCl1tllll at the exhaust. Htteh Ill'

rangellwnts arc quite. familiar' Ilnd len<l 
15 themselves so easily to this illlpr'ovllllHmt that 

an enllu'gement on th is Sll hje('t 'is deeme<l 
unneccssa,ry, 

The foregoing description will I'lllulily 
suggest to experts 1IIod ifications hoth 1t8 

20 l'eg'aJ'(ls eOllstl'lIction and application of the 
dnviee and I (10 not wish to limit myself in 
these J'(~speets, The bJ'OIHI lIlHhn'lying idea 
of the invP,ntion is to pel'lllit the fl'ee pas
sage of II fllli(l thl'OlIp:h a dlltlllwi ill the di-

25 reetioll of tho flow Hnll to pJ'(Wlmt its return 
through fl'ietion and llutSS resistance, thus 
enal)ling the jJerf(H'lnance of valve functiollf'; 
withollt any moving palis and therehy ex
tending the scopelLll(1 usefulness of an illl-

30 mense variety of lllechaniclLl appliances, 
I do not clitim the methodR of and appara

tus for the propulsion of flnidR and thermo
dynltmic transformation of ener~ry herein 
diselosed, aR these will he made suhjects of 

35 Rc,pamte applications, 
I am aware that asymmetrical condllit.s 

Imve been constructed and their usc pro
posed in connection with engines, hut these 
luwe no similn,rity either in thHir construc-· 

40 tion or manner of employment with my 
v!t1vnlar condnit, They were incapahle of 
Iwting as valves proper, for the fluid was 
merely arreRted III pockets lWeI (leflected 
through 1)0 0

, this rflsult having at best only 
45 21)% of the efficiency attained in the con

strnction herein dC1.;cribed, In the conduit 
I have designed the finid, as stated above, 
iR deflected in each cycle through 3.GO°, and 
a co-efficient approximating 200 can be oh-

50 tnined so that the device acts as a slightly 
leaking valve, and for that reaRon the term 
"vn,lvular" has been given to it in contraRt 
to asymmetrical conduitR, as heretofore pro
J)ose(l, which were n?t valvular i,n action, 

55 but merely n,.<;ymmetrlCal aR to r(>,<;lRtance, 
Furthermore, the conduits heretofore con

structed were intended to be uRed in connec
tion with slowly reciprocating machineR, in 
which .case enormous conduit-length would 

60 he neccsSltry, all this rendering them dev<?id 
of practical value, By the use of an efi'(wtIve 
valvula.r eondnit, as herein described, and 
the employment of pnlses of very high fre
qnency, I am able to condense ~y appa-

65 ratus and secure such perfect actlOn as to 

(lis]>.(lIISH i'i\l.ceessfully with valvl's ill Tlllmer'

ow.; '1'01'1118 - of reei pJ'()1~lIti Ilg alld I"OL:LI"Y 1'11-

gines, 
. The high elliciency or tlw devi(~I'" il'm
spective of the character of the plllses, is 70 
cl!te t<:' two causes: firHt, mpiU revel'sal of 
(ltrectlon of flow and; r;econd, great relative 
v(~locity of the Golliclmg fluid columns, As 
will be readily r;een each bucket causes It 
deviation through Itn angle of 1800

, ILnd an- 71) 
other change of 1800 occllrs in each of the 
spaces between two adjaccnt Imelmts, 'rhat 
is to say, froll1 the tiriJe the fluid enters or 
leaveR one of the recesses; to its piLssag(~ into, 
or exit from, the one following It eOlllplet(\ 80 
eyc1e, or deflection throngh )3fi0 0

, is effected, 
Ohserve no,w that the velocity is hut slightly 
rcduced in th(~ revcrsal so that the illeom-
in~ and deflected fluid columns meet with a 
relative speed, twice that of the flow, and 85 
the ener~ry of their impact is fOlll' times 
greater than with !~ deflection or only noo, 
as might be ohtaaine(l with pockets stich as 
h'L~e heen employea in asymmetrical COII

dmts for var101IS purposes. The faet is, !JO 
however, that in these sl1ch deflection is not. 
seemed, the pockets l'ellllLining fil1(\!l wit.h 
eom}Jal'ltti vely quipseent flllid and the latter 
following a win(ling path or least l'Ilsist
IUl!:e hetween th(~ obstacles interposed, In!J5 
sudl ('oJHluits the action cannot he chamc
tei'ille<1 as "valvnlar" because some of the 
flui<1 ean PHSS almost unimpeded in !L <lin',e
tion opposite to the normal flow, I n in y 
l'onstJ'uction, as ahove indicated, the resist.- 100 
anee in the reverse m!ty be 200 till)(~s that in 
t.he normal dircction, . Owing to this a eom
paratively very small number of buekets 01' 

nlmne.nts is required for checking the filli(]' 
To give It concrete idea, suppose that the 105 
leak from the first element is repl'l'spnt(\(l 

by the fraction ~, then after the nth hucket 

is traversed, only a·quantity (-icY will es- 11U 

cape and it is evident that X need not be a 
large number to "ecm'e a nearly perfect 
valvular action, . 

Whitt I claim is: 
1. A valvnhtr conduit' having interior 115 

walls of snch conrormation a" to permit the 
fmc. passage of fluid through it in the (liree
tion of flow out to snbject it to mpi(l re
v(\l'sa,ls of direction when impellc.(lin the 
opposite scnsn ana there:hy to prevent its 12~ 
I'etnl'll hy fridion an(l mass resistlmce. 

2, A valvular conduit composed of It 
. dosed pa,<;sageway having receRReR in itR 
walls so forllled as to permit !t fluid to pass 
fnwly through it in the direction of flow, 12f 
hnt to sl1bjeet it to I'Hpia reversals of (lil'pe
tioll when impellea in a.n opposite RellSP Hl1(l 

thereby interpose fJ'ietion ana maRS resist
ance to the return passage of the same, 

3, A valvular conduit composed of It tube 13( 
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01' passageway with rigid ~te~or walls versals of directiOn: through 3600 and there
forJlled with a series of rece~ses or pockets by check their progress when impelled in 
with snrfaces that reverse a fluid tending the opposite sense.. . 20 . 
to flow in one direction the.rein and thereby f. A valvular· conduit with rigid interior 

ii dwck or prevent flow of the fluid in that wvJls which permit fluid imJ,>ulses to flow 
direction. through it freely in one directIon, formed at 

+ .. \. n\lvular conduit with rigid interior . It plurality of points to reverse such fluid 
mllls of such charaCter as to offer substan- . impulses when Impelled in the opposite di-25 
tially no obstacle to the passage through it rection and check their flow. 

10 of fluid impulses in one direotion, but to 7. A valvular conduit with rigid interior 
subject the fluid to rapid reversals of direc~ walls having pockets or recesses, and trans-, 
tioll and thereby oppose and check impUlses versely inclIned intermediate batHes to per-
in tlw opposite sense. . mit the free passage of fluid impulses in one 30 

;;. A yalvular conduit with rigid interior direotion but to deflect and cheek them when 
15 walll-; fOl'med to permit fluid impulses under impelled in the opposite direction. . . 

pressure to pass freely through it in one In testimony whereof I affix my signature. 
dil'edion, but to subject them to rapid ra- '. NII~OLA TESLA ... 
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1,365,547. Specification of Letters Patent. Patented Jan. 11, 1921. 
Application filed December 18, 1916. Serial No. 137,688. 

To aZlwhomitmayconcem: 
Be it known that I, NIKOLA TEsLA, a 

citizen of the United States, residing at 
New York, in the county and State of New 

5 York, have invented certain new and use
ful Improvements in Flow-Meters, of which 
the following is a full, clear, and exact de
scription, 

My invention relates to meters for meas-
10 urement of velocity or quantity of fluid 

flow. Its chief object is to provIde a novel 
structure, simple, inexpensive and efficient, 
directly applicable to a conduit through 
which the fluid flows, and arranged to give 

15 instantaneous readings in terms of velocity, 
or quantity. 

In the drawings I have shown a single 
embodiment of my invention in desirable 
form, and therein-

20 Figure 1 is a central, vertical section 
showing the device in use; 

Fig. 2 is a plan detail of the indicating 
instrument with parts in section; 

Fig. 3 is a horizontal section on line 3-3 
25 of Fig. 1, and 

Fig. 4 is an enlarged section on line 4-4 
of Fig. 1. 

Assuming that the flow of liquid 10 
through a main 11 is to be measured as in 

30 gallons per hour, or fe(lt per second, the 
main is tapped as at 12 and into the threaded 
orifice is screwed the body-casting of the 
flmv-meter 13. This casting has a threaded 
waist 14, centrally apertured to receive the 

35 bearing bushing 15, the upper portion of 
the casting being formed as a shell 16 for 
incasing the indicating mechanism, and its 
lower portion prolonged as a tube 11, ter
minating in a head 18 to receive the flow-

40 driven element. The latter, I prefer, shall 
be a turbine of the type commonly identified 
hv m" name. Illustratin/! simply its essen
tial elements, the rotor, 19, is made up 
of centrally apertured parallel disks 20, 

45 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-

50 zles 25, in the wall of head 18, direct the 
liquid to the disks tangentially to set the 
latter in rotation and the water finds es
cape through the outlet passages 26 of the 
shell 22 and ports 21 of the head 18. PK'sr-

55 erably the length oItube 11 should be such 

as to dispose the turbine rotor approxi
mately at the center of the main, and of 
course the turbine will rotate at a rate lin
early proportional to the velocity of the 
fluid at that point, according to a practi- 60 
cally-determined constant. 

Turbine shaft 21 connects 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 65 
direct connection ,vith the indicator 31. The 
primary element, 32, of this indicator, di
rectly mounted on said shaft 30, preferably 
comprises a cup having multiple vertical 
walls 33 in concentric arrangement, these be- 70 
ing interleaved with inverted cup walls 34 
of a secondary element 35, that is pivoted 
and torsionally restrained and that bears a 
movable element of the reading scale. 
Specifically, the secondary element may have 75 
its inverted cup walls made of very thin 
aluminum mounted on arm 36, affixed to the 
spindle 31 that runs in jewel bearings car
ried by a yoke 38, supported on a bridge 
piece 39 spanning the casing 16. A coiled 80 
spring 40, at one end fast to the spindle 31 
and its other end adjustably secured in 
split stud 41, on bracket 38, resists displace
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 dial 
moves below the stationary pointer 44 that 
is visible through the sight-glass 45, carried 
by the cover cap 46 and tightly sealed. By 90 
constructing the indicator in accordance 
with principles fully explained in m~ Pa~-
ent No. 1,209,359 the prImary elemem, ac~-
ing through the viscous or adhesive prop
erties of air or other fluid medium filling 95 
the casing, is caused to displace the scale
bearing member against the tension of its 
spring substantially in linear proportion to 
the speed of rotation of the primary ele
ment, and by observing the conditions req- 100 
uisite to make the torque bear a rigorously 
linear proportion to the speed, and making 
the spring to permit deflections proportion-
ate directly to the turning enort, the scale 
may be graduated uniformly without the 105 
employment of any compensating mecha
nism to this end. 

The pressure 01' density of the gaseous 
fluid medium in the casing 60 should not be 
subject to change under varying conditions HI!)) 
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of pressure within the main, or the readings- special compensating mechanism. makes a 
might be seriously inaccurate; nor, obvi- very simple construction available for many 45 
ously, should escape of the liquid from the and yariant uses. And since lineal' relation
main into the indicator casing be permitted. ships exist between the rate of liquid flow, 

5 To seal the running bearing of shaft 30 turbine-rotation and indicator-displacement, 
adequately to withstand very considerable accurate marking of the scale in uniform 
pressures, I make what I term a "mercury- graduations depends only upon the estab- 50 
lock" by the following provision: the shaft lishment of certain easily-ascertainable con-
30 is made of fine steel of great and uniform stants for any given conditions. 

10 density and the bushing 15 is preferably of What I claim is: 
hard copper, these having diameters leaving 1.. A flow-meter comprising a Lody hay-
a clearance of only a few thousandths of an ing a pipe engaging portion, a lower head 55 
inch,-much too small for the capillary ac1- of smaller diameter and an upper casing, a 
mission of mercury. These surfaces are wrtical shaft extending through said body, 

15 treated for amalgamation with mercury. a disk-turLine in said head directl~T COllll('et

The bearing-portion of the shaft 30 is thinly ed with said shaft. said head haying inlet 
copper plated, and then both bearing sur- and outlet openings to the tllrLine disks, GO 
faces are coated, in a quickening solution, and indicating means comprising a l'oLt
with mercury, after which the mercury- table primary element llirect ly connected 

20 filmed parts are assembled. In this ~vay, as with said vertical shaft an(l a torsionally
sought graphically and exaggeratedly to be restrained secondary element clisplacealJ[e 
represented in Fig. 4, the mercury body 50 Ly the first and equipped to show its clis- 6,) 

is introduced into the very narrow clearance, placement in desired terms. 
and although it is tt unitary seal in its 1'e- 2. In a device of the character clescrilwd, 

25 sistance to the passage of air or water, it the combination of a body fitting haying an 
may prllctically be regarded as forming two intermediate part for pipe engagement, tt 

mirror-surfaced films between the bushing lower head, and an upper shell. tt shaft pass- 70 
15 and the copper plating 51 on shaft 30. ing vertically from said shell to sai(] head. a 
I have round such a mercury lock makes It pressnre-resisting seal for said shaft adja-

30 very effective and enduring seal while pe1'- cent said pipe engaging portion of til(> body. 
mitting adequately free rotation of the an indica.tor in said shell comprising tt rota-
shaft. . table primary member having a wrtical axis 75 

The combination of turbine rotor and air and directly connected with the upper (,lid 
drag indicating mechanism as above de- of said shaft, a torsionally-restraine(] see-

35 scribed is especially advantageous in that ondary element displaceable by the firsL sai(l 
the small turbine, developing a high shaft secondary element associated ,,,ith a seale for 
speed under even rather slow fluid flow, in- showing its deflections in desirell terms. alld 80 
sures that the speeds of the primary ele- a horizontal disk-turbine rotor in said heatl. 
ment will be ample to result in high torque, said rotor directly connected with the bot-

~o so that the indicator may be of relatively tom of said shaft, said head ha viug iukt 
rugged construction. Furthermore, the and ontlet openings to the rotor disk. 
practical insensibility of the air drag in- In testimony whereof I affix iny signatlll'c. 85 
strument to temperature changes, without NIKOLA TE8L.\.. 
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UNITED STATE-S PATENT OFFICEo 
NIXOLA TESLA, OF NEW yOU, N. Y., ASSIGNOR TO WALTHAlItI WATCH COMPANY, OF 

WALTHAM, MASSACHUSETTS, A CORPORATION .OF MASSACHUSETTS. 

FREQUENCY METER. 

1,402,025. Specification of Letters Patent. Patented Jan. 3, 1922. 
Application filed December 18, 1916. Serial No. 137,689. 

Toullwhmnitma,!/eoncern: '. tion in its broader. aspects to matters of de- 55 
Be it known that I, NIKOLA TESLA, a citi- tail. 

zen of the United States, residing at New 5 represents diagrammatically a two-phase 
York, in the county and State of N ew York, generator, typifying the machine controlling 

5 have invented certain new and useful Ini- the frequency to be measured, and having . 
provements in F.i'equency Meters, of which suitable connection by wires 6 with the syn- 60 
the following is a full, clear, and exact de- chronous-motor element ofl the frequency 
scription. meter, indicated as a whole by 7. The motor, 

In many instances in practice it' is, very 8, will of course have field poles and arma-
10 desirable and important to ascertain the fre~ ture bars appropriate to the character of the 

quency of periodic currents or electric oscil- current supplied from the .generator 5, the 65 
lations and therefrom the speed of rotation motor being of the split-phase, two-phase, 
or reciprocation of the generating or con- or other type, as needed. A frame 10, hav
trolling apparatus. ing lugs 11, or other means of support, pro-

15 The devices commonly used at present for vides a cup-formed shell 12 with a top wall 
this 'purpose and designated "frequency me- 13 furnished with a central bearing tube 14 70 
ters" generally consist of r~eds or bars tuned and with suitable supporting means, as 15, 
to respond to impulses of definite periods, for the stationary field structure 16. Acap17, 
or a direct current dynamo coupled to t~e screw threaded at I8,and suitably packed, 

20 alternating generator or frequency controller hermetically seals one side of the motor caS
and connected with an instrument, of volt- ing into which the connecting wires are led 75 
meter construction, graduated to indicate through ·any suitable sealing and insulating 
the instantaneous frequency of the current .. bushings 19. 
Both of these forms are objectionable from' For accuracy and promptness of response 

25 many points) of view, being subject to vari- . to frequency-variations, the armature struc
ous limitations of practical availability and ture21, as a whole, with its attachments 80 
to disturbing influences, all so well known to should be of very light weight and so 
experts as to dispense with the necessity of equipped that its work is minimized. ~ence 
enlarging upon them on this occasion. it is important both that the constructIOn of 

30 My invention has for its object to provide the armature element be designed with ref-
a frequency meter of great accuracy, struc- erence to smallness and consequent lightness 85 
tural simplicity, wide range of use, 3;nd low of parts, and that its frequen.cy-in4icating 
cost, all adequate to meet the pressmg de- eqUIpment be of a character lIDposmg the 
mand for a commercial and scientifically sat- lightest load on the armature. Specifically, 

35 isfactory instrument of improved form. the armature laminre 22 are carried on a 
In the drawings, wherem I have illus- light disk 23,fixed to the vertical shaft 24, 90 

trated a single embodiment of my invention that is supported by ball bearings 25 and 26, 
for purposes of' disclosure,- . in tube 14, and, above the wall 13, carries 

FIg. 1 is a central vertical section through the driving member of the indicator device 
40 the frequency meter, with diagrammatic ex- 28. This appliance comprises, as its pri

tension to indicate an available manner of mary element, 29, a non-magnetic disk 30,95 
connecting it to a two-phase generator; of brass, say, having annular spaced, con-

Fig. 2 is an end view; centric walls 31, and as its secondary ele-
Fig. 3 is a side elevation with the cover inment, 32, a pivoted part. including very 

45 section, and Fig. 4 is a side elevation of the light, annular walls 33 interleaved WIth the 
instrument from its reading side. walls 31 and affording extensive smooth fric- 100 

It will be understood that the specific con- tion surfaces, very closely adjacent to, but 
struction of instruments embodying my in- not contacting with, the kindred surfaces of 
vention may be modified in many ways ac- the primary member so that through the 

50 cording to the demands of the electrical or thin films of fluid, preferably air, interven~ 
mechanical environment in which it is to be ing between them, torque may be transmit- 105 
used, and while I shall describe in detail a ted from the primary to the secondary ele
specific construction, illustrated in the draw- illent in substantially linear proportion to 
ing, it is without intent to limit my inven- the speed of the primary. Posts 35, mounted 
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in the top wall of the frame, support a 
bridge piece 36 that carries a bearing yoke 
37, affording upper and lower jewel bear
ings 38 and 39, the former contained, in a 

5 bushing 40 threaded for adjustment in the 
yoke and set by a nut 41, such bearingsre
ceiving the spindle 42 from which extends, 
'l'igidly, the arm 43 carrying the annular 
walls of the secondary element. A spiral 

10 spring 44, fixed at one end to the shaft 42 
and at its ether end clamped adjustably in 
the split stud 45 on bracket 37, permits ro
tary displacement of th~ secondary element, 
substantially in linear proportion to the 

15 force applied. A scale 48, printed on or 
otherwise affixed to the outermost wall of 
the, secondary element, is graduated in units 
of frequency and its indication point is de
termined by a fixed pointer 49 that is fixed 

20 at the edge of a transparent sealed window 
50 of the casin~ shell 51 of cup formation, 
that is secured m sealed relation to the wall 
13 as by packed screws 52 engaging bosses 
53 on the bridge piece 36 so to complete the 

25 hermetic enclosure of the chamber contain
ing the indicating ele~nts. S'.lch herIhetic 
closure is not necessary in many instances 
but may be desirable. ' , 

In my copending application Serial No. 
30 841,726 filed May 29th, 1914, Patent ,No. 

1,209,359 I have set forth in detail certain 
laws the observance of which results in at
tainmentof rigorous proportionality of de
flections to speed in an "air drag" instru-

35 ment, and all of such conditions may be ob
SE!rve? ,to !I-~vantage in constructing the in

,dlCatIon-gIvmg element of' the frequency 
meter. ' 

It will be noted that an instrument as 
40 herein . described has many structural and 

operative advantages. The translating in
strument, giving the frequency - reading, 
when constructed for use of air as the trans
mitting medium, may be of size to give am-

45 pIe torque, but if desired the ensealed mech
anism may be operated in air or other, pref
erably inert, gases of more than atmospheric 
density for increase of the torque. The air 
~lrag instrument is substantially unaffected 

50 maccuracy by temperature changes, wi~h
out special compensat!ng m~chanism, and is 
therefore practically msenslble to the heat
ing effect of the subjacent motor, and the 
double-chamber construction segregating the 

55 motor and traI?-slating device pr~vents the 
latter from bemg affected by aIr-currents 
engendered by the motor-operation. Fur~ 
thermore, the indicator structure may be 

, made immune to magnetic influence and 
60 eddy currents, however intense, by making 

its secondary element of appropriate non
shrinkable, insulating material, as com

,pressed fiber, although in many instances 
the partition 13, acting as a shield for the 

65 indicator obviates .he necessity for such pro-

VISIon. The small size, low cost and ease of 
maintenance, due to the simplicity' of the 
construction are especially desirable. 

What I claim is: 
1. In' a frequency meter, the combination 70 

of a synchronous motor, and a speed-respon-" 
sive device, having a primary element con
nected to the armature shaft, and a pivoted 
torsionally-restrained secondary element, de
flectable in substantially linear proportion 7 5 
to the speed of the primary and calibrated 
in terms of electrical frequency. 

2. In a frequency meter, the combin!J,tion 
of a synchronous motor and a speed-respon
sive device, said motor having an armature 80 
of light construction and saidspeed-respon
sive device comprising a primary element 
carried in rotation by said armature, and a 
torsionally - restrained secondary element, 
these elements having extensive confront- 85 
ing, closely adjacent friction surfaces, co
operating through interposed films of a fluid 
medium for displacement of said secondary 
element in substantially linear proportion to 
the speed of rotation' of the primary, element. 90 

3. In a frequency meter, the combination 
of a synchronous motor and a speed-respon
sive device, the former hlLvrng an armature 
of light construction and the latter compris-
ing a 'primary element, carried in rotation 95 
by saId armature, and a torsionally-re
strained secondary element, these elements 
having extensive confronting, closely adja
cent friction surfaces, cooperating through 
interposed films of air for displacement of 100 
said secondary element in substantially 
linear proportion to the speed of rotation of 
the primary element, said secondary bearing 
a scale calibrated in terms of frequency. 

4. A frequency meter comprising, in com- 105 
bination, a, synchronous induction motor, 
having a shell carrying the field, ILnd a rota- , 
table armature within the chamber of said 
shell having its shaft extended through said 
shell ; and a speed-responsive device, com- 110 
prising a closed casing, a non-magnetic pri~ 
mary element mounted upon Said armature 
shaft, a separately mounted secondary ele~ 
ment pivoted and torsionally restrained, 
said elements having opposed, closely adja~ 115 
cent ,non-contacting surfaces, co-operating , 
through interposed films of a fluid mediUm 
through which torque is transmitted to the 
secondary in approximately linear propor
tion to the ~peed of the primary member, 120 
and a visible scale uniformly graduatejl in 
terms of frequency carrie~ by the second-
ary member. . -

5. A frequency meter comI>rising a sealed, 
air-containmg casing divided into two com- 125 
partments, a shaft extending into both com
partments, a synchronous motor in one com
partment adapted to drive said shaft and an -
mdicating device in the other, soid device 
having a primary rotatable el~m~nt con~ 130 
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nected with the shaft, a separately mounted, posed gaseous films for displacement' of the 
indication-controlling element and a spring secondary, approximately in: linear propor
restraining tlie latter, said elements having tion to the speed of the primary element. 
extensive, confronting, closely adjacent, non- 8. In a frequency meter, the combination 40 

5 contacting surfaces cooperating through the of a synchronous motor and a speed-respon
interposed air films for displacement of the sive device. said motor having a light arma
secondary, at all ordinary temperatures, ap- ture and a' -shaft, and said speed responsive 
proximately in linear proportion to the device comprising a primary element of non-
speed of the primary element. . magnetic material carried by the armature 45 

10 6. In a frequency meter, the combination suaft and a torsionally-restrained secondary 
of a synchronous motor having an a.rma- element, these elements having extensive, 
ture of light construction, a speed-respon- confronting, closely adjacent, non-contact
sive device comprising a primary element ing surfaces cooperating through interposed 
carried in rotation by the said armature films of a fluid medium for displacement of 50 

15 and a torsionally-restrained secondary ele-. the secondary element in approximately 
ment, said elements having extensive con- linear proportion to the speed of the. pri
fronting closely adjacent friction surfaCes mary element, and a containing structure 
cooperating through interposed films of air ensealing the speed responsive device. 
for displacement of said secondary element 9. In a frequency meter, the combination 55 

20 in substantially linear proJ?ortion to the of a synchronous motor having an armature 
speed of rotation of the pl'lmary element, of light construction, a speed-responsive de
and a wall interposed between the al'Dlature yice co~prising a p~imary element carried 
of the motor and the speed-responsive device mrotatlOn by the saId armature and IL. tor
for shielding the latter from air disturb- sionally-restrained secondary element, said 60 

25 ance caused by rotation of the former. elements having extensive confronting, 
7.' A frequency meter comprising a casing· closely adjacent friction surfaces cooper at

divided into two compartments, a shaft ex- ing through interposed films of air for dis
tending into both thereof, a synchronous placement of said secondary element in sub
motor in one compartment adapted to drive stantially linear proportion to the speed of 65 

30 said shaft and a speed-responsIve device in rotation of the primary element, and means 
the other having a primary element con- interposed. between the armature of the 
nected for rotation with said shaft, a sepa- motor and the speed-responsive device for 
rately mounted, torsionally-restrained indi- shielding the latter from air disturbance 
eating element, said elements having exten- caused by rotation of the former. 70 

35 sive confronting, closely adjacent, non-con- In testimony whereof I affix my signature. 
tacting surfaces cooperating through inter~ NIKOLA TESLA. 
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The utility of the aeroplane asa means of no success has as yet been', achieved. Evi
transport is materially lessened and its com- dentIy, this is due to the inadequacy of the' 

, mercial introduction greatly hampered ow-, engines employed and, perhaps, also to cer
inK to the inherent inability of the mecha- tain heretofore unsuspected characteristics 

5 nism to readily rise and alight, which is an of the device and. fallacies in the accepted 60 
unavoidable consequence of the fact that the theory of its operation, an elucidation of. 
required lifting force c.:an only be produced, which is deemed necessary for the clear. 
by a more or less rapId translatory move- .lmderstanding of the subject.' . 
ment of the planes or foils. I In aetnal ex- The prospects of a flying machine of this 

10 perience the minimum speed for ascension kind appear at first attractIve, primarily be- 65 
and landing is a considerable fraction of that canse it makes possible the carrying of great. 
in full fligh~, and the principles of design loads with a relatively small expenditure of 
do. not admIt ?f avery we at advance in . energy.· This follows directly from the 
t~IS respect WIthout sa?l'lfice of some de- fundamental laws of fluid propulsion, laid 

15 suable feature. lfor t~IS r~ason p.lanes of down by W .. 'T. M. Ra~ine ~ore th~n fifty 70 
very large area, ~Igh hft wmg-sectlOns, de- years ago, III conformIty WIth whIch the 
fiectors of the slIp-stream of the ,pNpeller, thrust is equal to the integral sum of the 

, 01' analogous means, whicn might be helpf1l1 products of the masses and velocities of the 
in these ope:t:ati?ns, do not a:ffor~ the 1'em~dy projected air particles; symbolically' ex-

-20 sought. ThIS mdlspensable hIgh veloClty, pressed, 75 
imperillinglife and property, makes it neces- ' T=~(mv). 
sary to equip the machine with special 
appliances and provide suitable facilities at On the other hand, the kinetic energy of the 
the terminals of the route, all of which en~ air set in motion is 

25 tail numerous c1rawbacks and difficulties of 
. a serious nature. So imperative has it be
come to devise _ some. plan of doing away 

E=~(~mv2)- . 80 

with these limitations of the aeroplane that From these equations it is evident that a. 
the consensus of expert opinion charac- great thrust can be obtained with a compara-

30 tcrizes the problem as one of the most press-tively small amount of power simply by in- 85 
. ing and important and its practical solution creasing the aggregate mass of the particles 

is eagerly awaited by those engaged in the and reducing their velocities. Taking a 
de-velopment of the art, as weI! as the gen- special case for illustration, if the thrust 
eral public. " . under given conditions be ten pounds per 

:l;; .' Many attempts have been made to thi.s hor-se-power, then a hundredfold increase of 90 
end, mostly based on the, use of independ- the mass of air, accompanied. by a reduction 
ent devices.for the express purpose of facili- of its effective velocity to one-tenth, would 
tating and insuring the start -and finish of produce a force of one hundred pounds per 
tIle aerial journey, but the oI?erativeness of '- horsepower .. But tp.e se~mi~~ly gr~at g~in 

40 the arrangements proposed IS hot conclu- thus secured IS of httle sIgmficance m aVIa-9l5 
sively demonstrated and, besides, they are tion, for the reason that a high speed of 
objectionable, constructively or otherwise, to· travel. is generally an essential requirement 
silCh an extent that builders of commercial which can not be fulfilled. except by 
apparatus have so fai' not considered them propelling the air at high velocity, and 

45 of sufficient value to der \rt ftom present that obviously implies a ,relatively small 
practice. ~.. " thrust.· . . 

More recently, professional attention has ,Another quality commonly attributed tc 
been turned to the helicopter which is devoid the helicopter is great stability, this being, 

. of planes as distinct, organs o~ support am), apparent~y,a logical inference judgi~g from 
50 presumably, enables both vertIcal and horl- the locatlon of the centers of graVIty and 

zontal propulsion to be satisfactorily accom- pressure. It will be found, though, that con
plishefl throug4J the inst.rumentality of t~e tra~ to t~is I?revailin.g op,inion the device, 
prtlpellet·alone. Howe:ver, although thIS whllemov.mg m any dIrectIon other than IIp 
idea is quite old .and . not a few experts have or down; is in ail equilibrium easily dis-

55 endeavored to carry it out in varIOUS ways, t~rbed and has, moreover, a pronounced 

100 

103 

110 
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tendency to oscillate.' It is true, .)f cour:ge, medium, wiUbe urged further down along 
that when the axis of the propeller is verti- the Clirved path and the kinetic energy, in 
cal and the ambient air quiescent the ma-·. the vertical sense, possessed by the moving 

, 'chine is stable to a degree, but 1£ it is tilted mass must be annihilated before the fall is 
5eveil slightiy, or if the !medium becomes arrested in a still d(mser- air stratum .. At 70 

agitated, such is no longer the case. 'this point the: upward thrust will hE;l far in 
~explanation of t~is a~d o~her pecu~i- excess of the opposed pull of the weight and 

aptIes, assume the helIcopter pOIsed-Ill stIll the apparatus will rise with first increasing 
,air at a; certain height, the axial thrust T and then diminishin-g speed to a height which 

10 just'equalling the weight, and let the axis of may approximate the otigina1. From there '15 
. the propeller be inclined to form an angle ait will again: fall and so on, these operations 

with the horizontal. The change to the new being' repeated duri;ng the forward flight, 
'position will have a twofold effect: The ver- the up .and down excursions from the main 
. tical thrust will be diminished to . ' horizontal line 'gradually diminishing in 

15 .• magnitude. After a lapse of time, deter- 80 
, Tv~T sm a, , min~d by' -nnmerous influences, the excu;-

and at the same time there will be produced a sions should ceasealtogethel'. and the path 
_ horizontal. thrust '-J- . I .. described become rectilinear. But .this is 

'TT . - next to impossible as· can. be readily $hown 
~o, , c . h= cos a. . by pointing out another curious feature of 85 

. Under the action of the unbalanced force of the helicopter. __ . 
gravity the machine will 'now fall along 'a - In the foregoing the axis of the propeller 
curve, to, a level below and if the inclination was: supposed to move -always parallel to 
of the propeller as well as its speed of rota- itself, which result might be accomplished 

2$ tion, remain unaltered during the descent, ;bythe use of_an adjustable' aileron. In this 110 
the forces >T, Tv ahd Tb. will continuously -..connection i,t may be pointed out, however, 
increase in proportion to the density of the that such a device will Iiot act in the manner 

. air until the verliCal component Tv -of the of a rudder, coming into full' play at inter-
, axial thrust T becomes equal to the·gravita;- vals onlYll:ndper-formin~ its; functions eco-

30 tional attract jon. The extent of the drop nomically, bilt will steadily absorb energy,' 115 
'will begov~rnedby the i?clination ,?f t~e thu~ occasioning a co~siderable waste of, 
_ propeller ~Xls and fora gIven angle It WIll motIve power and addmganother to the 
be, theoretrcally, the same no matter at what many dIs!).dvantages of the ihelicopter. ' 
~ltitude theeveIi~take place.' ,To get. an- Let 1}.OW the -machine be~ possessed of a 

S5 idea of. its magnitude suppose the elevations certain degree of iJ:-eedom, as will be the case 100 
9ftheupper'and lower strata m~asured-from' normally, and observe in_the first place that 
seaJ~veJ be hI ~d':_h2'~ ~c~lyely, ~ and the blades of_the propeller themselves con-_ 

, ~ the corresponding rur-densItIes ~d H= stij.tuteplanes_ developing a reaction t):rrust, 
'. 26700 ;eet the height of the" uniform atmos- __ the pressure on the lowerleading bl~de being 

_ 40 -phere,' then as a-consequence of Boyle's law greater than that exerted on the-hIgher one 105 
the relation will exist,. . - owing to· the comI?ressio'n ?f.the ,air by ~he-

;--' " ", .' ih .' , ~ody ofJhe ,machme. and ~creased ~ensiJ;y 
ht ~ h, = H logedt· _ I~ ~~!lt regIOn. This -t~rust, • tendmg to 

, J', dimiiush, the angle,~, will obVIOusly vary 
4G It is_ evident thai: during one revolution,- being maximu.m in a 110 

T _l T 1 - _ - il, position when the line of symmetry of the 
T ... ~ =: -.- must be equal to or- two propeller blades and that of flight are 

• - '-', sm u ~ A " I ut in a vertical plane aild minimum. at . right 
in .order. that ~he v~rtical component of the-angles to it~ . Nevert~eless; when' tl?-e ,hori-

10 aXial thrust m the ,lower stratum should ,zontal speed IS great It D;lay be consIderable lHi 
juSt s9Pport the weight. .Hence - --and sufficient to quickly overcome the inertia 

. . - . _. _' andgyriiscopic resistances all the more read-
At!-h, ~1I-1qg -.!- . iIy _as the upper blade, which is situated jn a' 

. '-, _!. stn It.. , . _ ' . -region where the ~nditionS are more nearly 
6$ Taking, iIi a Special case. the anglea=60°, normal.' .ope~at«)S ~o the same effect. More~}20 

then .,', : .', ' " --,'. over,thIS distUrbmg effect partakes of t~e, 
- .', ,~- .' - , ' ,.'-_ -' -. '. - regenerative, quality, the force increasi:ngas_ ' 

-'-...L-~=·i·t547 ' the angle dinlinishes up,to a maximum for ' 
SID II . 0·866 - -«==45°. As the axis mtilted' more and 

more, the vertical sustaining effort of the pro- 125 
00 and, . " . _ -~ peller will correspondingly diminish and the 

Ai-12=26700xl~ t·i-547 = 3840 feet: 'machine will fall with a rapidly increasing 
In reillilj the drOp Will be much greater 'velocitYifinally exceeding the' horizontai _ ' 

for the ina~hiIie, upOn reaching the- lower 'when the reaction of. the blades will· be 130 
.. layer With a high velocity relative to the ; directed upward so as to increase the angle 

oJ _ 
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a and thereby cause 'the machine to'so:),r . From the precewngfa~ts, which are 
higher. Thus periodic oscillations,accom- ignored in the technical pUbli«ations on the 
panied by ascents and descents, will be set up subject, it will be clear that the successful 

. which may Fell be magnified t6 an extent solution of the problem is ina different 
IS such as to bring about a complete overturn direction.' ". .' . '. . 70 

and phmge to earth. . My invention meets .the present necessity 
It is held by some· experts that the heli- in it simple manner without radica1 'depar

coptet, because of its smaller body -resist- ture in construction and sacrifice of vahi
ance, would be capable of a higher speed able features,' incidentally securing advan-

10 than c the aerophane. But this is an' eJ'- tages which should" prove very beneficial 75 
roneous conclusion, contrary to the laws of in the further development· of' the art. 
propUlsion. It must be borne in mind that Broadly expressed, it consists in a novel 
in the former type, the motive power being method of transporting· bodies through the 
the same" a greater mass of airmus{ he set air according to which the machine is rfl,ised 

lIS in motion with a velocity smaller than in and lowered solely by the propeller and 80 
. the latter, consequently it must be iitferior sustained iIi lateral flight by planes. To 
in speed. But even if the air were pro- accomplish this a light and powerful prime
pelled in the direction of the axis of the mover is nee~ssary and as particularlysuitClI 
screw with, the 'same speed V in both of for the purpose . I employ, preferably,. a 

29 them, while the aeroplane can approximate turbine of the kind described in myU. S. 85 
. the same, the' helicopter could never ex- Patent No. 1,061,206; of May 6, 19~3, which 

ceed the horizontal~ component V cos a.not only fulfills these requirements, but is 
To be explicit, imagine that the ail' CUl"- especially adapted to operation at high tem
rent flowing with the v~locity V along the perature ... r also make arrangements 

illS propeller axis inclined to forIn an angle a whereby the flying machine may be, auto-tO 
with the horizontal, be .replaced by two iD-atically or lit will of the operat,or, caused 
streams one vertical and the other hori- to ··function either as a. helicopter or an 
zontal of velocities respectively equal to V aeroplane. ., 
sin a and V cos a, it will be evident that a. Full kn<;lwledge of.'these improvements 

30 helicopter in its forward -flight could only, will be readily gained by. reference to the 95 
approximate and never equal the speed V aCC01npanying drawings in which Fig. 1 il
cos a of the horizontal air current no matter lustrates the machine in the starting or land
how much the resistance be reduced for; ing position and Fig. 2, in horizontal flight. 
according to a fundamental law of propul- . Fig. 3 is a plan view of the'-same with the 

15 sion, the thrust would be nil at that velo- upper plane partly Lroken away. 100 
city. The highest efficiency should be ob- ' The structure is composed of two planes or 
taIned with the machine proceeding at the foils 1, 1 rigidly joined. Their length and 
rate 1h V cos a but the' most economical distan.ce apart may be such as to form a near
utilization of power 'would be effected when .square for t1le sake of snd.llness and com-

O d=45° in which case the speeds of both the pactness. With the same 'Jbject the tail is, 103 
horizontal and. vertical streanis will 00 omitted or, if used, it is retra ctable. The mo-
0.7 V. From this it may.be inferred that, tors 2, 2 ·iIi. this case turbines .. of. t.he kind de
theoretically, the. best performance mitht scribed iIi' my patent beforere£erred to, and 
be secured in propelling the helicopter :to1'- other' parts of the motive apparatus are 

5 ward with a speed mo~e or less approxi-. placed with due regard to the centers of grav- llO 
mating 0.35 V but the results' attained in· ity and pressure and the usual controlling 
practice will be necessarily much inferior . means are provided. In addition to these 
because~without special provisions . such any of the known stabilizing devices may be 
as are herein set forth the device, as pOInted embodied in the machine. At rest the planes 

) out above; would plunge down and shoot are vertical, or nearly so, and . likewise the 115 
up in succession, at the same time executing shaft· driving the . propeller 3, which is COll-

.. smaller oscillations,. which motions willstructedbfa strength, size and pitch that 
retard its flight andeonsume a considerable willenabIe it to raise the '""entire weight with 
portion ofthe~oti.ve energy all them?re the motors running .atan even. gr~ater ra~c . 
so as' the losses rnCldent to the controlling than when propellrng the· machme ho1'1- 120 
means will be correspondingly increased. . zontally. Po~r is transmi~tedto ,the shaft· 

. Another very serious defect of this kind from the turbines throughsuiLable gears. 
of flying machine, from the practical point The seats 4, 4, 4 for tIre' Qperator' 
of view, is found in its inability of support- and passengers aresuspendecl on trnnnions 125 

I ing itself in the air in,case of failure of the 5, 5 on which' they can ·tllrll throug-h 
motor, the' projected area. of the propeller an angle of about 90°, springs and ('lIsh
blades being inadequate for reducing the ions (not shown) being employed to in
speed of the fall sufficiently to avoid disas~ sure and limit their motion through thit; 
t;er, and this is an almost fatal impediment angle. The usual 4evices for lateral and di-

. - to its commercial use. rectional control, 6, 6 1, 7 and 8, 8 are pro- 130 
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vided with mechanical connectiQns ~nabling able in operation, but should, the power give 
the :operator to actuat~ the devices by hand out accidentally, la~ding can stiP. be, easily 
or foot from'his seat in any position. -At the eff.ected by volphtnmg. For thIS purpose, 
start,' sufficient'power- being turned on by. in addition to wheels 9, 9 and 10, 10 wheels 

:; suitable means, also within' 'his reach, the. 11; 11 are employed, the latter being mount- 70 
. machine rises. vertically in the air to the ed on the forward end under the lower plane 

desired height when it is gradually tilted and" so that when the machine rests on level, 
· by manipulating the elevator devices. and ground the. propeller shaft will have the 
· proceeds like ,all aeroplane, the load being desired inclination which is deemed best 
10 transferred from the propeller. to the foils for rising in the manner. of an' aeroplane. 75 

as, the' 'angle of inclination diminishes .and Such all aeroplane construetedandoperated 
th~speed in horizontal direction increases. as described, unites the advantages of both 

· From the foregoing it will be. understood types ana seems to meet best the require
that, .simultaneouslywith the'tiltiIig of the meniE, of a, small, c9mpact, exceedingly 

. 15 machine, .the operator will \ increas.e the speedy and yet very safe machine~ for com- 80 
'thrust of the propeller in order to compense mercial use. Especial,Iy . good practieal re
for the reduction of sustaining force which sultsare obtainable by the use:of my turbine 

· follows inevitably' from the diminution. of' which can be depended upon to develop the 
angle a and before the Ileaetion of the necessary energy for lifting, even: if it should 

20 planes Cim come into full effect. He will be considerably greater than that consumed 85 
thus prevent a downward pliIDge ,and the in fEght :under normalconaitions., Tills eJ;l.d .. 
production of dangerous oscillations which can be convementlyattained by.temporarily . 
have been dwelt upon above, an(!. by ~table' supplying more of the working fluid to the , 
manipulation of the apparatus and graduaIrotor and driving it -faster, or running it at ' 

25 cuttD.tg. down- of the power developed by. about the same speed and increasing the e£- gO 
the prime moyer, as forward velocity is gained fort by adjustment of the pitch of the pro
and the' planes take up the load, he may peller, Qr _other means known" in the art.· 
cause the machine to advance horizontally The latter snould· be designed towoi'k. most 

, along a sensibly straight .. line, a< condition economicallydnring' the flight, as its effi-
'. 30 eSsentialto the attainment of the .best prac- ' ~iency ,intl~estarting ~d landing ,operations 95 

tical results. . ,In .desceiuling, :the. forWard 'IS of relatively ~ small unportance. 'Instead 
speed is reduced and the machine, righted of a single large screw as described a number 
.again, acting asa helicopter with the pro- of smaller onei!may be used, il! which case 

, _ peller SUPPQ~'all the load. '. Obviously,- gearing~can be dispensed with. The biplane Ill' 
~., as. the device 'is ,slow'~d down and righted seems jo be best suited for the chief purpose 
, cau§ing th~ planes to lose part or all of their contemplated but the inventi~)llis:applicable 

" sustaining e:llort.c:!, ,;the.' operator ~1\P:ply, ,to monoylanesand ot}!-er types.' . 
more . power to the' propell~r' IDcreasrng To sum up" tlfe helicopter type of. flymg r 

· thereby the thrust to the required magnitude. machine, especially with large inclination 
~o . and in' allsu~h o~rations of starting· and . angl~ of the proPeller axis to the horizontal,. 10i 
· l~dfug as ,!ell as ~ting';f?~ ~guhltingthe !ltw¥ch it is. generally e~ted t? operate, 

heIght, meetingtheau-conditlOnS 9rfOl·other lSqrute ~table for speedy aenal trans-
· purposes .. it Will':~ his" object . to· modifywrt; it is incapable' of proceeding horizon:~ 

, . the 'propeller' thrust in about the,same mesS.:., tally along a straight lineunde~the prevail- . 
46 . Ure as tJie varying, reaction o:f the planes :ing air conditions ; iHs ~bject to darigeroUl) 111 

)~ay·.deD~lImd in'ol'!ler ilia! the lifting force plunges and oscillations al)d, what is most ,;-> 

be 'sensibly wnsw.tt. EVidently, also, when--- im,portant from the co~ercialand' practi-, . 
e~r necessary' or· desirable~ -~wer .':far .. in cal, poilit of, -yiew, it is ahnost <certainly 

· excess of that normally requh'ed niay ,be-doomed to destruction in case the motive 
10 applied during the flight and' the machine power gives-out. These dra:wbacks and de,. 111 

propelled at a great1y increasedspee4.- The 'fects are Jovercome by the 'methods and ap
ytypeof turbine . used is· a motor of great paratus I hav~ described through which a' 
lightness and activity and lends itself excep- novel type of flying'machine may berealliJed. 

65 tiom~lly to, this kind of work .101' which Qr~, ~ all the advantages of the helicop-
· dinary a-riation '~8re ~ted. It,is tel' being .tthe,saD)e time-safemd capable ~ 
. cap.~le of. c~ .' great .ovet!~d:, and of., speed eqUaJ to-or even greatly ex~g 

'. runnmg Without danger, at exceSsive- speed that-ol the present aeropIane. . : . " .' 
.. ' so. tbat dUring the starting andJaD~ oper- " ',To ,my kliowledge V¢ous forms of· aero

'ations ~e necessary powe~ can ~ deve~.o# '-planes !tp:ve .~. proposed with the :object I 

~ by I~e motors.e1'en _.tboug~.less·efIic.i~t1y, of attalD1Dg)nmd~ results but.a carefulUJ 
· than un,der then- normal wor~ ~ndition,s. study .Showsthat,no~ of them'18 capable 
" -8.pe¢ial.meaJi,sJof ~inm>l mar be provided,. of the actions as th~ here oont.emplateG for . 
~f necessary, fOI: iD:~ the ~wer, supply. want.o~ proper ~~hods of operation as well. 

,.mthese.\operati~~ Owing to. Its extreme ~'SOItable,.p~~ . ,. . . ~ .. 
-simplici9" ~1unn~ve appua~ is l8l'1 re1i- ~ I do:-not ~ ~herein the ,apparatUs by 11 

I', . ' '. '. 
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means· of which this method is or may be 
carried out either in the special form illus,:. 
trated or in modifications of the same, as 
this is the subject of a separate application. 

6 • What I desire to secme by Letters Paten~ 
IS: 

1. The hereinbefore described method of 
aeroplane transportation which conffil'\ts. in 
developing by the propelling device,ar.erti-

10 cal thrust in excess of the normal, .causing 
thereby the machine to rise in anapproxi
mately vertical direction, tilting it and si
multaneously increasing the power of the 
motor and thereby the propeller thrust, then 

15 gradually reducing the power and thrust as 
forward speed is gained and the planesJ~{e 
up the load, thus maintaining the lifting 
force sensibly constant during flight, tilting 
the machine back to its original position and 

20 at the same time increasing the power of the 
motor and thrust of the propeller and effect
ing a landing under the restraining action 
of the same. ' 

2. The method of operating a helicopter 
25 which consists in varying the. power of the 

motor and thereby the thrust of the propel& 

ler according to the changes of inclination 
of its axis, so as to maintain the lifting force 
sensibly constant during the forward flight. 

3. The above described method of trans- 30 
porting from place to place a heavier than 
air flying machine, which consists in apply
ing power to the propeller ·while its axis is 
in a vertical position sufficient to cause the 
machine to rIse, tilting it and at the same 35 
time applying more power to increase the 
thrust, then gradually diminishing the pow-
er ns the load is transferred from the pro
peller to the planes, tilting back the machine 
and so controlling the applied power as to 40 
effect a slow descent upon the landing place 
under the restraining action of the propeller. 

4. In the transport of bodies by aeroplane, 
the method of controlling the propeller 
thrust fmd reaction of the planes by varying 45 

the power of the motor correspondingly 
with the inclination of the machine so as to 
maintain the lifting force sensibly constant 
during the forward flight. 
. In testimOl)y whereof I hereto affix my 50 

SIgnature. 
NIKOLA TESLA. 
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This application is a continuation in part 
of my application Serial No. 499,518, filed 
September 9, 1921, and is made pursuant 
to the rules of the Patent Office, its purpose 

S being to describe and claim apparatus which 
I have invented for carrying into· practice 
the method therein disclosed. 

The invention consists of a new type of 
flying machine, designated "helicopter-

10 plane", which may be raised and lowered 
vertically and driven horizontally by the 
same propelling deviceR and comprises: a 
prime mover of im1?roved design and an 
airscrew, both espeClally adapted for the 

Hi purpose, means for tilting the machine in 
the air, arrangements for controlling its 
operation in any position, a novel landing 
gear and other constructive details, all of 
which will be hereinafter fully described. 

20 The utility of the aeroplane M a means 
of transport is materially lessened and its 
commercial introduction greatly hampered 
owing to the inherent inability of the mech
anism to readily rise and alight, which is an 

25 unavoidable consequence of the fact that the 
required lifting furce can only be produced 
by a more or less rapia~ translatory move
ment of the planes or foils. This indis
pensable high velocity, imperilling life and 

30 property, makes it necessary to equip the 
machine with special appliances and provide 
suitable facilities at the terminals of the 
route, all of \vhich .entail numerous draw
backs and difficulties of a serious nature. 

S;) More recently, professional attention has 
been turned to the helicopter which is devoid 
of planes as distinct organs of support and, 
presumably, enables both vertical and hori
zontal propulsion to be satisfactorily accom-

4.0 plished through the instrumentality of the 
propeller alone. 

The prospects of such a flying machine 
appear at first attractive, primarily because 
it makes possible the carrying of great 

45 weight with a relatively small expenditure 
of energy. This follows directly from the 
fundamental laws of fluid propUlsion, laid 
down by W. T. M. Rapkine more than fifty 
years ltgo, in conformity with which the 

50 thrust is equal to the integral' sum of the 
products of the masses and velocities of the 

projected aIr particles; symbolically ex
pressed, 

T=~(mv). 
65 

On the other hand, the kinetic energy of 
the air set in motion ]s 

From these equat.ions it is evident that a 
great thrust can be obtained with a com
paratively small amount of power simply by 
increasing·the aggregate mass of the parti
cles and reducing their velocities. But the II 
seemingly great gain thus secured is of small 
value in aviation for the reason that a high 
speed of travel is generally an essential re
quirement which cannot be fulfilled except 
by propelling the air at high velocity, and 70 
that obviously. implies a relatively small 
thrust. . 

Another quality commoilly attributed to 
the helicopter is great stability, this being 
apparently a logical inference judging from 11 
,the location of the centers of gravity and 
pressure. It will be found, though, that 
contrary to this prevailing opinion the de
vice, while moving in any direction othel? 
than up or down, has an equilibrium easily 110 
disturbed and has, moreover, a pronounced . 
tendency to oscillate. 

In explanation of these and other pecu
liarities, assume the helicopter poised in still 
air at a certain height, the axial thrust T 85 
just equalling the weight, and let the axis of 
the propeller be inclined to form an angle 
a with the horizontal. The chanrre to the 
new position will have a two-foM effect: 
the vertical thrust will be diminished to 1M) 

Tv=T sina 
and at the same time there will be produced 
a horizontal. thrust 

Th=T.coSa ~G 
Under the action of the unbalanced force 
of gravity, the machine will now fall along 
a curve to a level below and if the inclination 
Qf the propeller as well as its speed of ro
tation remain unaltered during the descent, 
the forces T, Tv and Th will continuously 
increase in proportion to the density of the 

100 
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air until·the yertical component Tv of the at intervals only and performing its func
axial thrust T becomes equal to the gravi- tions economically, bIlt will steadily absorb 
tational attraction. The extent of the drop energy, this occasioning a considerable waste 
will be governed· by the inclination of the of motive power and adding another to the 

:; propcUer axis and for a given angle it will Iilany disadvantages of the helicopter. 
he, theoretically, the same no matter at what ' Let now the machine be possessed of a 
altitude the events take place. To 'get an certain degree of freedom, as will be the 
idea of its magnitude suppose the elevations case normally, and observe in the first place 

70 

of the upper and lower strata measured that the bhutes of the propeller themselves 
10 from sea level be hl and h~. re~pecti ..... ely, at constitilte planes developing a reaction 75 

amI a" the corresponding air, densities and thrust, the pressure on the lower leading 
H=2G,700 fpet the height of the "uniform bluue being greater than that exerteu on the 
atmosphere," then as a consequence of, higher one owing to the compression of the 
Boyle':; Law the relation will exist . air by the body of the machine and in-

16 d cr'eased density III that region. This thrust so 
h1-h2=H 100'e i tending to diminish the angle a, will vary 

b '1 during one. revolution, being maximum ill 
a position when the line of symmetry of the 
two propeller blades and that of flIght al'e 

1t is obvjous that 

TT l' d2 
Tv = T sin a = sin a must be equal to dr 

in order that the vertical component of the 
axial . thrust in the lo\ycr stratum should 

25 just support the weight. Hence 

1 H 1-h2=H loge -. ---
SIn Ol 

Taking, in a special case, the angle a=60 
30 degrees, then 

1 1 . 
sin Ol = 0.866 = L1547, and 

in the same vertical plane and minimum S5 
when the former is at right angles to it. 
Nevertheless, if the horizontal speed is great, 
it may be considerable and sufficient to quick-
ly overcome the inertia and gyroscopic re
sistances all the more readily as the upper \)0 

blade operates to the same effect. Moreover, 
this intermittent action partakes of the re
generative qu,ality, the force increasing as 
the angle diminishes up to a maximum for 
a=45 'degrees, and may also give rise to lI5 
disturbing resonant vibrations in the struc
ture. As its a~is is tilted more and more, 
the vertical sustaining effort of the propel
ler correspondingly diminishes and the ma-

a5 In reality the drop will be much greater chine will fall with a ra pidly increasing lUU 
for the machine, upon reaching the lower velocity, which may finally exceed the hOl'i
}ayer with a high velocity relative to the zontal, when the reaction of the blades is 
medium, will be urged further down along directed upward so as to increase the anglf~ 
the. curved path and the kinetic energy, in a and thereby cause the machine to soar 

40 the vertical sense, possessed by the moving highet. Thus periodic oscillations. accom' 105 
ma:"s must be annihilated before the fall is panied by ascents and· descents, will be set 
arrested in a still denser air stratum. At up which may w~H be magnified to an ex
this point the upward thrust will be far iIi tent such as to brlllg about a complete over
excess of the opposed pull of the weight turn and plunge to earth. 

45 and the apparatus will rise with first increas- It is held by some experts that the heli- 110 
ing. and then diminishing speed to a height copter, because of its smaller body resistance, 
whIch may approximate the original. From would be capable of a higher speed than the 
there it will again fall and so on, these aeroplane. This is an erroneous conclusion, 
operations being repeated during the for- contrary to the laws of propulsion. It must 

50 ward flight, the up and down excursions be borne in mind that in the former type, 11;; 
from the main horizontal line gradually the motive power' being the same, a greater 
diminishing in magnitude. After a lapse mass of air inust be set in motion with a 
of time, determined by numerous influences, velocity smaller than in. the latter, coIise
these deviations should become insjgnificant quently it must be inferior in speed. But 

55 and th~ ~ath describ~d nea!ly rectilinear.' eyen if the ai~ were propelled ~n the direc- l:W 
But thIS IS next to ImpOSSIble as can be tlOn of the aXIS of the screw WIth the same 
readily shown. bY' pointing out another cu- speed V in both of them, while the aeroplane 
l'ious feature of the helicopter. approximates the same, the helicopter can 

In the foreO'oing the axis of the propeller never exceed the horizontal component V 
60 was supposed' to move always parallel to cos a which, under the theoretically most 12;> 

itself, which result mi~ht be ac~omplished economical conclitio~s of operation, would 
by the use of an adJustable aIleron. In only be O.7V, and thIS wOllld be true no mat
this connection it may be pointed out, how- tel' how much its resistance is reduced. ' 
ever, that such a' device will not act in the Another very serious defect of this kind 

85 manner of a rudder, coming into full play of flying machine, from the practical point 1:10 
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of view, is found in its inability of support- moment'lof the screw. If, instead of one, 
ing itself in the air in case of failure of the two propellers are used, either coaxially or 
motor, the projected area of the propeller otherwise disposed, the motors should re
blades being inadequate for reducing, the volve in opposite directions. .The seats 4, 1, 

6 speed of the fall sufficiently to aydid dis- 4 for the operator and passengers are sus- 70 
aster, and this is an almost fatal impediment . pended on trunnions 5, 5 on which they can 
to its commercial use. turn through an angle of about 90 degrees, 

From the preceding facts, which are ig- springs and cushions (not shown) being em
nored in the technical publications on the ployed to insure and' limit their motion 

10 subject, it will be' clear that· the successful through this angle. The ordinary deviceS 75 
solution of the problem is in a different di- for lateral and directional control 6, 6, 7, "7 
rection. . and 8, 8 are provided with mechanical con-

In an application of even date, referred to nections enabling the aviator to actuate them 
above, I have disclosed an invention which by hand or foot from his seat in any posi-

15 meets the present necessity in a simple man- tion. 80 
ner and, briefly stated, consists in a novel Stated in a few words, the operation is as 

. method of transporting bodies through the follows: At the start,sufficient power is 
air according to which the machine id raised turned on by suitable means, also within 
and lowered solely by the propl'ller and sus- reach, and the machine rises vertically in 

20 tained in lateral flight by planes. the air to the desired height when it is grad- 85 
My 'present application is based on .new ually tilted through manipUlation of the ele

and useful features and combinations of ap- vator devices and then proceeds more and 
paratus which I have devised for carrying more like an aeroplane, the sustaining force 
this method into practice. . . of t~e -propeller b~ing replaced by ve~ticl!-l 

25 Full knowledge of these improvements reactIOn of the foIls as the angle of mch- 90 
will be readily gained by reference to the nation diminishes and horizontaJ velocity in: 
accompanying drawings in which creases. In descending, the forward speed 

Fig. 1 illustrates the machine in the start- is reduced and the niachine righted again, 
ing or landing position and acting as a helicopter with the propeller 

30 Fig. 2 in horizontal flight; '. supporting all the load. The turbine used 95 
Fig. 3 is a plan view of the same with the is of great lightness and activity exception-

upper plane partly broken away and' ally qualified to perform such work for, 
Fig. 4 and Fig. 5 sectional views of con- which the present aviation motors are un-

structive details. suited. It is capable of carrying an extra-
35 The structure is composed of two planes or (),'dina;rily great overload and running: at 100 

foils 1, 1 rigidly joined. Their length and exceSSive speed, and during the startmg, 
distance apart may be such as to form a landing and other relatively short opera
near-square for the sake of smallness and tions, not only can the necessary power be 
compactness. With the same object the tail easily developed, but this, can be accom-

40 is omitted or, 'if used, it is retractable. In plished without incurring a serious loss of 105 
order to raise tlle machine vertically a very efficiency. Owing to its extreme simplicity 
light and powerful prime mover is necessary the motive apparatus is veryreliable,but 
and as particularly suited for the purpose, should the power give out accidentally, land-
~ employ, preferably, a turbine described ing can still be effected by volplaning. For 

45 III my U. S. Patent 1,061,206 of May 6, this purpose, in addition to wheels 9, 9 and 110 
1913, which not· only fulfills these require- 10, 10, wheels 11, 11 are employed, the latter 

(" ments but lends itself especially to opera- b~ing mounted on' the forwcard end under 
tion at very high temperatures. Two such the lower plane and so that when the ma
turbines, designated 2, 2 together with other chine rests on level ground, the propeller 

fiO parts and accessories of the power plant, are shatt will have the desired inclination which 115 
bolted to the frame, being plf> ed with due is deemed best for rising in the manner of an 
regard to the centers of graVity and pressure. aeroplane. Such a "helicopter-plane," con
The usual controlling means are provided structed and operated as described, unites 
. and, in addition to t1iese, any of the known the advantages of both types and seems to 

fili stabilizing devices' may be embodied in the meet well the requirements oJ a small,. com- 1:;1) 
machine. At rest the planes are vertical, or pact, very speedy and safe craft for commer
nearly so, and likewise the shaft driving the cial use. 
propeller 3-, which is of a strength, size and The abnormal power requirements are 
pitch such as will enable it to lift the entire met by supplying more of the working fluid 

60 weight vertically and withstand safely the to the motors and driving them faster, or L!5 
,stresses. Power is transmitted to the shaft running them at about the Fame speed and 

from the turbines through gearing which increasing the thrust by adjustment of the 
may be of the single reduction type as illus- . pitch of the propell~r. On account of sini
trated, the turbines rotating in the same plicity and much greater range it is pref-

~ direction ar 1 neutralizing the gyroscopic erable to resort to the first method, in which 130 
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case the screw should be designed to work incurred because windage and other losses 
most economically in horizontal flight, as are virtually abs.ent and most of the· rotary 
its efficiency in the starting and landing op- effort is due to the peripheral parts of the, 
erations is of comparatively . ~all im- discs. As shown ,in. the figure, block 13 is 

6 portance. Instead of a single large . pro- in the position correspondmg to minimum 10 
peller, as described, a nUiIlber, of small ones effort, the section of the inlet channel being 
can be used, when the turbine 'lmitsmay,be about one-fifth of the' whole which is ob
connected advantageously in stages and tained when the block is pulled in its ex
the gearing dispensed with.' The biplane treme position indicated by the dotted line. 

10 seems to be particularly well suited for the Owing to the increase of the coefficient of 16 
chief purpose contemplated, but the inven- contl'action and counterpressure attendant 
tion is equally well applicll,ble to monoplanes the enlargement of the inlet, the same should 
and other types. , be made of ample section. 

In order to f::ecure the best results I have, Figure 5 shows a different means for at-
liS found it indispensable to depart, in some taining the same purpose. In this case the 80 

respects, from the usual design of my tur~ motors operate like true turbines, the work
bines and embody in them certain construc- ing fluid being fully expanded, or nearly so, 
tive: features and means for varying the through divergent exchangeable nozzles as 
power developed from the Ip.inimum neces- 15, having a throat of sufficient section for 

20 sary jn horizontal flight to an amount ex- the- passa~eof fluid required during maxi- 85 
ceeding by far their rated performance, as inum pertormance. The exhaust opening is 
may be required in the operations o~ ascent' also cor!espondingly en~ar~ed" th!)Ug~ not 
and descent, or spurt'S of speed, or m com~ necessarIly to the extent mdicated m FIgure 
batting the fury of the elements. Further- 4. The power is varied! by means of a 

25 ,\more, I so proportion and coordinate the throttle valve 16, as used in automobiles, 1111 
'fluid pressure generator supplying the pri- located in the conduit supplying the air and 
mar~~ energy, the propel1jn~ and ~he con- ~arbureted fuel !o the fluid pressure genera
trollmg means, that fo1' ap-y attItude or tor and mechamcally connected to the con
working condition of the machine 'the re- .trolling lever 14. This apparatus is 'ofa 

30 quisite thnist may be/almost instantly pro~ capacity adequate to the maximum demand Ill) 

, duced and accurately adjusted. . by which I do not· mean that it is necessarily 
The understanding of these improvemenfs much larger than required for normal per

will be facilitated by reference to Fig. 4alld formances, but is merely designed to sup
Fig. 5./, In the' first named the turbines ply the working fluid or, broadly stated, 

U are intended to operate as rotary engines, energy-whenever desired, at a rate greatly lUi) 
expanding the gases in the rotOr as ~e~l exceeding the normal. In Figure 3 this ap-
as the inlet nozzle or port 12, t,{le depth of paratus is, diagrammatically indicated by 
which can be varied by shifting a block 13, 17, and may he anyone of a number of 
fitting freely in a milled channel ,of the cas- well-known types, producing pressure by 

40 ing, through the medium, of lever 14 con- internal combustion of. a suitable fuel or by 105 
trolled by the aviator., The orifice for the external' firing of a steam boiler.' In the 
p:,tssage of the .elastic fluid is straight or latter case, WIth ~onst:lllt pre~sure, the ar
slIghtly converglng,so that a much smaller rangement shown III FIgure 4 IS best to em
velocity is. obtame~ than with an ex~anding ploy, while the plan illustJ;ated in Figure 

45 nozzle, thIS e?abhng the best relatIOn be- 5 can ~e used t? advanta~e.Avhen b?th pres- 110 
tween the perIpheral speed of the rotor and sure, and quantity of flUId are vaned. 
that of the fluid'to be readily attained. 'rhe ,In operation for vertical ascent, the ma
performance of such an engiJ,le at constant chine being in the attitude of Figure 1, the 
pressure of supply is, within wide limifs, aviator will push forward lever 14 and sup-

50 proportionate to the quantity of the work- ply sufficient primary energy to the motors 115 
ing' medium passed through the inlet port for lifting the machine with1:he desired' 
and it is practicable to carry, for indefinite velocity. When the objective elevation is 
jntervals of time, an exceedingly great over- rl;lached rudders 7, 7 are manipUlated to in
load, by which I mean up to three Or even cline the machine at a certain angle, the 

55 fOllr tUnes' the normal. Exceptional aviator simultaneously applying more pres- 120 
strength and ruggedness of the motors being sure to the lever and augmenting the fluid 
impera,tive in view of centrifugal stresses supply to the motors, thereby increasing the 
and critical speed, their weight need not be propeller thrust in the vertical direction so' 
appreciably increased as would be the case as to prevent the machine from descending. 

60 in other forms of prime movers in which, He continues these operations always coor- 125 
as a rule, the weight is in nearly direct pro- dinating the thrust developed 'with the 
portion to the power developed. To accom- changes in attitude of the machine until a 
plish my purpose I further provide com- certain angle of inclination is attained and 
mensul'ately larger inlet and outlet open- the machine is supported chiefly by reaction 

6G .ings. No serious disadvantage is thereby of the planes. At this stage he begins to re- 130 
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duce the pressure' on the lever and supply attitudes, and means for controlling the sup
of working fluid simultaneously decreasmg ply of the fluid. to the motor in accordance 
the angle of inclination thus finally effect- with the inclination of the machine. GO 
ing, by insensible steps, horizontal flight.. 2. In an aeroplane adapted for vertical 

5 It should be understood that descent and and horizontal propulsion and change from 
alighting, as well as rising in the manner ~ one to the other attitude, the combination 

,of a true aeroplane may be accomplished as with means for tilting the machine in the 
usual. In such case the motors will be oper- air and a system producing thrust approxi- 65 
ated at their normal rated capacity. How- mately.parallel to the principal axis of the 

·10 ever, when excessive speed becomes neces- same and including a fluid pressure gener
sary, the effort of the motors may be instant- ator having a capacity several times greater 
ly and greatly augmented by merely than normally required in horizontal flight, 
manipulating block 13 or valve 16 as de- "a motor capable of carrying over-loads 71) 

scribed." adequate for support in all attitudes, and 
15 Whenever it is desired to descend ver- means for. controlling the supply of the 

tically, the aviator will reverse the oper- fluid to the motor in accordance with the 
ations as applying to substantial vel-t~cal inclination of the machine. 
ascent, which is to say, bring the machine 3 . .In an aeroplane adapted for vertical 75 
gradually into starting attitude, at the same and horizontal prol?ulsion and change from 

20 ·time increasing the ~u'p'ply of fluid to the one to the o~h~r attltude~ th~ co:r;nbinatio~ of 
motors and the vertIcal component of the means for tIltmg the machme ill the 81r, a 
propeller thrust, while reducing the hori- fluid presE\ure generator capable" of supply- . 
zontaL Finally, he will steadily reduce the ing fluid at a rate several times greater than 80 
fluid supply and the vertical thrust so as to required for hnrizontal flight, a prime mover 

2.1 descend to the landing place at a very low. consisting. of u rotor of plane spaced discs 
Ride velocity. . with central openings and an enclosing cas-

In the preceding I have described a flying ing with inlet and outlet orifices of a section 
machine characterized by a number of novel much greater than required for normal per- 85 
constructive and operative features and fOl'niances respectively at the periphery and 

30 well suited for meeting a pressing necessity center of the same, and means for control
in the present state of the art. The chief ling th~ supply of the fluid to the motor in 
improvements consist in first, adapting my accordance with the· inclination of the ma-
turbine motor for excessive overload with-' chine. 00 
out appreciable inctease of its weight, sec- 4. In an aeroplane adapted for vertical 

:If; ond, providing large variable inlet ports and horizontal propulsion and change from . 
and corresponding' exhaust openings, with one to the other attitude, the combination 
the object. of meeting the a!.mormal power of means for tilting the machine in the air, 
requirements in the starting, landing and a thrust producing system having its prin- 95 
othel" short operations, and still preserving a cipal energy producing elements designed 

'.Ill high efficiency in. horizontal flight; third, for normal load in horizontal flight but 
combining with the turbine a fluid pressure capable of carrying over-loads adequate for 
generator of adequate capacity with means support of the aeroplane in all attitudes, 
for control and, fourth, embodying these and means for controlling the energy pro- 100 
and other features in a suitable structure duced in said system in accordance 'with the 

45 improved in various details. These may inclination of the machine. 
be greatly varied and I wish it to be under- 5. In a flying machine of the kind de
stood that I do not limit myself to the pre- scribed in combination with means for ver-
cise arrangements illustrated and described. tical and lateral control of two wheel bases 105 

I claim as my invention: at right angles to one another as set forth. 
AD 1. In an aeroplane adapted for vertical 6. In a flyin~ machine of the kind de-

and horizontal propulsion and change from scribed in combmation with means for ver
one to the other attitude, the combination tical and lateral control of two wheel bases 
of means for tilting the machine in the air, at right angles to one another and having 110 
a fluid pressure generator of It capacity sev- one or more wheels common to both. 

66 eral times greater than normally required In testimony wh3reof I hereunto affix my 
in horizontal flight, a motor capable of car- signature. 
rying overloads adequate for support in all . NIKOLA TESLA. 
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To all whom, it may concern: ' above facts and ad vantageolls in the utiliza~ 
Beit,known thatI, NIKOLA TESLA, acitizen tion of electrical energy for industrial and 

of the United States, residing in the borol1gu cOIl)mercial pllrpo!'!es. 55 
of Manhattao, in t.he cit.y" county, and State This method consists in insulating an elee-

~ of New York, have invented certain new and tric conductor by freezing orsolidifyiugand 
useful Improvements ill Methods of Insulat- maintaining in such state the mat(lrial sur· 
ing Elect,ric Conductors, of which the follow- rounding or contignous to the conductor, 
ing is a specification, reference peing had-to using for t he pllrpo~e a gaseous cooling agerit 60 
the accompanying drawings., circularting through olle or ruoresuitahle chan-

to It has long been known that'many sub- nels extending throngh or ill, proximit.y to the 
stances which are more or less conducting said material. 
when in the fluid condition become insula- hi the practical carrying out of my method 
turs when s~idifie4. Thus water, which is I lDay employ a hollow conductor and pass 65 
in a-measure conducting, acquires insulating the cooli.ng agent, throngh the same, thus 

15 pl'Operties when converted into ice. Th~ ex- freezing the water or othel' merlinm ill COIl

isting information on this subject, however, tact with or cl089 to such oonductor, or [may 
hal> been heretofore of B.general nature only u~e expressly for the circulation of the (lOol
and chiefly derived from the origin!\1 observa- ing agent an independent channel and freeze 7<
t-ionsof Faraday, wh-oestimated that the sub- or solidify the adjacent sub!it.an<!e in which 

20 stances UpOJl which he experimented, such any number of conductors may be em bedcted. 
as water and Rqueous solutions, insulate an The conductors may be bare or cover'f'd with 
elect,rically-charged condllctorabout one hun- some material which is capable of keeping 
dred times bettel' when rendered solid by them insulated when it is (rozen or' solidified. 75 
freezing, and no attempt has been made to The frozen mass may be in direct ~.ouch with 

2S improve the quality of the insulation obtained the sUi'rounding medium, or it may bein a de-
by t,his menns or to practically utilize it for gree protected from contact with the sllm~ by 
such purposes as arecontemplatE\d in my pres- an inclosure more or less impervioUt~ t.o heat. 
ent invention. In the_conrse of my own in- The cOQlingagent may be any kind of gas, as 80 
vesti~ations, more espe(lially those of tiie elec- at.mospherio air~' oxygen, carbonic acid, am-

30 tric pl'Operties of ice, I have discovered sorilemonia, illuminating-gas, or hydrogen. It may 
novel and important facts, of which the morf'! be forced through the channel by pl'esslll'e 01' 

prominent are the following: fil'st, t.hat under I'1l1c1oion produced mochanicallyor otherwise. 
certain conditions, when the leakRge of tne It may be continually renewed or indefinitely 8S 
electric charge ordinlll'ny t.aking place<is rig- used, being drivl'ln back and fOI·th.ol' ~teadily 

35 orous'y prevented, ice proves itself (;0 be a circulate<) in closed paths under allY suitable 
much uetter inHulator than has heretofore ap- conditions as regards pressure, density,otem-
peared; second, that its insulating properties perature, and velocity. , _ 

_ may htl still furt.bel' improved by the addi- To conduce to a better understauding of 90 
tion of other bodies to the wat.er; ,third, that t,he iuvention, refereuce is DOW made'to the 

40 t,he dielectric strength of ice or ,othel' frozen. accompanying drawings, in whi(!h- . 
nqlleous substance increases with the reduc- Figures 1,3,6, 7,8, And ~ illustrate in lon
t.ioll- of temperature and corresponding in- I gitlldiDalsection typical waysofcarryiug out 
cre~\se of hardness, and, fourth, that these my invention; and Figs, 2, 4:, f>, and 10, in 9S 
bodi('s afford a still more effective insulation 'I flection, or partlY,80,_QOn8~ructive details to be 

45 fOJ' c()nductor~carryillgintel'mittentor alter-. deKci'ihed. , 
DIning cur'rents, pHI't.icularly of high rates, . In Fig, 1, CiS.A hollQw 6Ou"'n~tor, 8ucha8 
slll'p"il'ingly-thin layel's of ice being capable a steel tube, laid in,a body of water and com-
of' wit.hsta.nd ingelect"'oUloth"e forces of many IU unicating with a reservoir r', but elect ric-too 
hlllldl'edlS and even I hOllsandsofvolts, These any insulated from the same at.j. A pump 

50 and other' observations have led me to the ill- or compressorp, of any suitable cOnstruction, 
Vf'tI I,ion of a no,"el lIlel,lwd of insulating con- connects r' '''ith another similar t&nkr, pro
d netol's, nmdel'ed p,'acticable by reason ofth~ I vided -with aD inlet-v.lve t,J The air or other 
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gas which is, llsed AS the cooling agent. enter
ing throngh the ,Talvo1,·1 is drawn through the 
tank rand pumpp into the resel'voirr', escnp
ing thence t,hl'Ollgh thecoildl1ctol' C nnder 

5 any desired J)l'eSSlll'e which mRy be I'e~ulated 
hya valve v'. Both the ,'esel'voir!'! r' and r 
l1.I'e kept, at a low tempel'atu"A hy suitable 
means, as by coils 01' tltb~s t' t' and t2 fJ-, 
throngh \vhich any kind of refrigerli.t,ing fluid 

20 mny be eil'cula ted, some p"ovision being pref
er'ably made "fo,' adjustingthlifiow of the 
~aJlle, as by n~ln·s't·', Tho g~s contiuuously 
passingthrolllZh the tube or conouct,or C be
ill~very cold will (reeze and mRintain in t,hig 

15 stllte the water in contaCt wi,th or adjacent t.o 
the conductor, and so insulate it" Fla.nged 
hushing-si'i2• of lIoll-cond licting material, lIlf\y 
bt>used'to prevent the lef\kage of the curl'ent 
which would othel'wise occur, owing t,o the 

aofol'lDf\tion of :\ supel'fillial film of moiMtu re 
over the ice projeeUngout of the watel', The 
~ube being kept insulated byt.his mealls Illf\y 
tben be employed inJltemannel' of sn ordi
nary telegl·aphi~or,tb.ercable by connect-

IS ing either or both of the terminals b' b
' 

in a 
circuit.ineluding theef\rth, , 

lillOanyeases it/wUl. be of ad,'antage t.o 
covertbe hollow cOD,duct,or \Vit h 1\ t.hicklayer 
of some cheap material, ~s felt" this being in

;odicated by (,,'11 in Fig; 2; Such a covering, 
'\peDetrabJe by water, would be ordinft.riJy of 

lit,tle or rio use; bnt when embedded in the 
. ice it.jiuprove!!.the insulating ql1alities of the 
same, In thisinstft.nce it. furthermore serves 

i stt6greatlyreduce the quantity of ice -required, 
·'its ra(;eof melting, and the'inRnx of heat 

frotn the out8id~, t,hUH diminishinJe the ex
peDditureof ,energy necE'ssary for the II1l\in
tenance of normal wOl'king condit.iontl, As 

,;0 regardtl this energy and other particulars of 
importance they will varl~according to the 

. , special demands in each Mse, 
. ,Generally considered,the'cooling agent will 
·ha\·e to cal'ry away bel\t at a rate I!lJfticient 

45 'to keep the cond uctor at the desired tem pera
·ture and to maintain !\ layer'of the required 
, thickness of the sub!itancesurreJunding.it in 

a f,'ozeD state, compensating cont.inually for' 
thehes\, Howing in t,hrough tbe.layer f\nd wall 

50 of the conductol' andtbat genen\ted by lDe
chanical and electrical friction.' To meet 
~Iie~e couditions, ita ( .. ~Jing capacity, which 
1S dependent. on the tempen\ture,density. 
,velocity, and speci.fic heat, will be calculated 

S5 by the help of data and Cormul(e familiar to 
ellgineers, Air will be, M l\1'ule, suitable 

.!orthe UKe contemplated; but in except,ional 
m8t.anc~ !lOme other gas, as byd rogen , may 

'. tie resorted to, whieh will permit a mUch 
6ogr~ter rat.e of cooling and a lower t.empera

tltre to be reached.. Obviollsly whichever 
',gaB be employed it should befol'e entering the 

. ho~lowconduct.o1' or channel be thoroughly 
.dned ~ud Bepan\tedfrom all which by eoo
'5 .denMtJon aud deposition or otherwi8fl might 
, . cau84! an obstru~tion to its passage. For 

theM purposes.apparatull m,"'Y he employed. 

which is w,ell known f\nd which it is unnf'C~ 
essf\I'y to show in det.f\iI. 

Instead of being wf\st{l{l at the distan t !!t,f\
Uoo t,he cooling agent Dlf\y be turned to some 
profitable use. Evident,ly in the indnstrial 
and commercial exploitation of my invent,ion 
any kind of cooling f\gent capf\hle of meeting 
t,he reqtlirements may be conv~yed from one 
to another Rtat.ion ,and there utilized (01'1'(>
fl'igeration, powel', heating, lightinl!, sanita" 
tion, chemical processe~, or Il.lly ot,h~,' plll'
pose to which it may lend it!<\elf, and th us the 
re\'enue of the plant IDay be inCl'ellsed, 

As to the tempel'atureof Ule conductol', it 
will be detel'milled by the nf\fUI'e of its nse 
f\nd consideration!'! of economy, Forinstance, 
if it be employed fOl' the t"ansmission of tele
graphic messl\ges, when the loss in electl'ieal 
friction may he of no cOil8eq i.Jene~, a very low 
temperai\ll'e mf\y not be requitoed j but if it, 
be used fOl' transmit,t,ing large alllountR of 
electricf\l eriel'gy, when- the fl'ictional waste 
may be f\ serious d,'awhack, iT ,vill be deRil'
able to keep it '!.xtremE'!ly cold. The aHain
ment of this object will be faeilitf\ted by any 
provision for reducing as much as possible 
the flowing in of t·he beat from the surround 
inf.! medium, Clearly the lower the tempera- 95 
ture of the conductor the smaller will be the 
1088 i'n electrical f.rietion j bl:' t" on t,he other 
hand, the colder 1the conductor the greater 
will be t.he influx of hef\t from the outside 
and the cost of cooling agent" 1"1'0111 Ruch 
and similar considerllt.ionR the t,empei'atul'e 
securing the ltigl1est (,eonomy wiII be I\seer· 
tained. 

Most freqnently in the distri~)"t,ion of elec
tricity for indost.rial pnl'poses,as in my sys- I 

tem of power tl'ansmlssion by alt~rnf\te cnr
rents, more t,han one ('ondu('tOl' will be re
quired, and in such eases it may he cOllven
ient. tocil'culate the cooling agent in a closed 
path ,formed by 1-he conductol'S A pTall of 
this kind itl illuFlt-rated in Fi~. 3, ill which C' 
and OS represf'!nt 1-wo' hollow con<luctoN\ em
bedded in a frozen mf\SS unde"~I'(ll1nd and 
commnnicating, I'espectively; with th~'reger
voil'S R' and R'. which' are connected hy a r~
ciprocatingor at,her suit,ahle pump p, Cool
inlleons or tnbes T' 1" and T~ T2, wit,h regu
lat,ing-vah'es v' 'v' are employed, which are
similar to and' ser\Te the same lllh'pose 8M 

thOfteshown in Fig, 1. Other f('atlll'e!4 of 
similarity,thongh unnece!'!sary, are. ilIus
trat,ed to facilitate an nndel'st,anding of t,he 
plan, A three- way valve V2 is provided, 
which when placed with itgleverlf\~ indi
ca.ted· allows the cooling agent to enter 
through the tubes u' u a and pump P, t.hns 
filling the reserV'oirsR' R2 and hollow con~ 
doctors 0' OS; bnt when turned ninety de
grees t.he valve·shut.s 0« the cOl1l1Dllnicdion 

. to the olltside through the tube '1£' andll~t.f\b-
lishes a connection between t,he reset"'uir R2 
and pomp P through t,hetubes u' and u3, thu~ 
permitting the coolin~ a!lent to be ~ircl1lf\ted 
in the ~l~ PAth C' 'L" Rt ua t(.' T' R' hy tho 
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Rction of the pump. Anotber vslve V'I of mAde,is sbown in Fig, 6, which: rep_resents 
suitable construction, rusy be nsed for r€'gu- the cross-section of a trongh, the same in 
lating the' flow of the cooling sgent. The other respects as those before "hown, but 70 
conductors' C' C2 are insulated from the re!4- contsining instead of a hollow conductor any 

servoirs R' R2, and from Mch other at the kind of pipe or conduit L. Th€'coolingagent. 
joints J' JI J8, and they are furthel'more pi'o- may be driven in any convenient manner 
tecled .at the places where they, entel' klld thl'ough the pipe for ,the purpose or freez
leRve ~be Itround byfianged hn~hings 1'1' P iog the watel'or' other substance filling the 75 
P, of,insulating materhl.l, which extend iut.o tronlrh, thn!'l insulating and fixing a number 

10 the frozen mass io order topreveot the cur- of cooductOl's cc c, Such a plnn IUl\y be par
rent from leoaking, I\S auoveexplained. Bind- ticuhuly suitable in cities for immlatiog and' 
ing-posts B' B' and BI R2are provided f~r con- fixing telt>~raph and telephone. wires 01' the 
necting the conductors to t.he Ci!'cllit at etlch .. like, In such ca.ses au ex(ie~diIlKly-ll)w tem- 80 
station, , 'pel'ature of the cooling agent. may not be're-

IS In laying the cond,uctors, as C' 01, what- qui red, and t.be insulation will' be obtRined 
ever be their nomber"atrench will gener- at the expense of little power. The conduit 
ally be dug and a trou~h, ronnel or square, L may, however, he used simultaneously for 
as :r,ot smaller dimensions than t,betrenQh, conveyioga.nddistribot.inJ!'~ny kind of gase- 85 . 
placed 'io the same, the intervenio~ space ous (loolin~ agent for which there'isa demand 

10 being pl\cked with some material (designatt>d through tho district, Obviously two such con
by M'M M) more or'les~ Jmpervious to heoat, doits may be provided and used. in a similar 
I\~ sawdust, Ilshes,or the like, Next the con- manner as the conductors C' (,'12. . 
ductorlil will be put in ·position and tempo- It will often be desirable to plsce in ,the 90 
rarity supported in any convenient manner, saine trough a great number of wires or con-

'5 and, finally; the t.roogh will be filled with ductors serving tor a variety of purposes. 
\"'at.er or other substance W, which will be' In such a case a plan maybe adopt.ed which is 
gradllally frozen by circulating the cooling ,illustrated. in Fig. 7, showing a trough 8imi~ 
ag~nt in tM closed path, as before described. lar to that in Fig, 6 'with the conductors in 9S 
US\llllly t.be trench will not be, level, but will-cross-sootion. The cooling agent maybe in 

30 follow the undulations of the ground, and this instance circl1lated, as in Fig, 3 or ot.h
this will make it. necessary to subdivide the erwise, through tl1e fwo hollow conduct.ol'& (,'I' 
trough in sections or to,aliect th~ freezing of and C', which iffonndadvant,ageous may be 
tM substnnce filling it sllccessively-in parts, covered with alay~r of cheap material 'll-m, 100 
This being done and the condnctors thus such as will impro\'e theirinsulatiou, but not. 

35 iD!lUlated and lixen, 1\ layer of t.he same or prevent ,the freezing 01' 80lidificllt.ioll of the 
similar material M M M will be placed. on surroondingsubstanct," W. The tubullto,'con-' 
the top and the whole ('over-ed with earth or~ ductOl'S C' 01, preferably of iron, may t,hen 
pavement. The trough may be of metal, as Merve to convey beavycurrents forsupplyiu~ 105 
Kheet- iron, and in cases wl1ere the ground light and power, while the 8maHones c' c· c, 

40 is used as the retul'o - circuit it. may serve embedded in the ice or frozeu m.ass, may be 
as R main, or it may be of any kind of rna- used for any otherpul'poses. 
1erial more or lef;s insulating, Figs; 4 a.nd .While my invention conte m plaies-, chiefly, 
5 illustrate in crosH-section tw.o such under-· l.he insulation of conductors employed in the 110 

ground t'l'oughs 1" and Til, of sheet metal, transmission of electrical. energy to a dis-
4S with their' adiathermanous inclosures, (desig-. tance, it may be, obviously, ot.herwise' use

nated M' and Mil, respectively,) each trough fully applied. In 80meinstances, for exam
containing a single centl'al hollow conductor, pIe, it. may be desirfible to insulate and sup-
as C' C", In the fil'stcase the inl'lulation W' port.a conductor in places as is ordinarily 115 
is supposed to he ice outainedby freezing done b.r Hieans of glass or porcelain immh~-

So water preferably freed of air in order to ex- tors, This may he effected in many wa.ys by 
elude t.he formation of dangerons b1;l.bb1es or conveying a cooling agent either through the 

. caviti.es, while in t.be second 'CRse the frozen conductOl'ol' thro\1gh an in(lependtmt chan
mass ,W" is some aqueous orot.hel' sllbstll.nce nel and fl'ee-zing or solidifying any kind of 120 
or mixture highly insulating wherf in this substanceo, t.hu~ enatlling' it to ,serve the pl1r- . 

5S condition. pose, Sueh Il.n ~rtificial insulating-slIppOI't 
It should he sta.ted that in many iust.ances is illnstl'ate.d in Fig, 8, in which a represents 

it may be practicable to dispense with a a v(:'ssel filled with water or other snhstance 
trough by resorting t.o simple expecii~nts in 10, frozl"n by the agent circulating through 125 
the placing aud insulat.ing of the couductors. t,h~ hollow con~uetnr C", which is thus insn-

60 In fact, for some pllI'poses it may he sufficient lared and sUPPul'ted, To improve the insu~ 
to silllply covel' the latt.e}' Wifh a.moist, milS:>', II~t,ion on the tol.', where it i!ol most liable ~o 
~ cement, or otherplast.lc mlltertl\l, which 80 I'g, ve wny, a layel' of some substancew', as 011, 
long as it is k6pt at II. Y~ry low temperature. may he used, and the coniinctol' lJlay be co'v.- 130 

aod ft'ozt>n hard wilt afford adequate insultl- erf'd neltr t.he 8upport with insula.tion ii, as 
65 tion, shown, t.he same extl~'H1ing into the oil, for 

Another typical wl&y of carrying out my in- reasons wellundt>rstond. 
vention, to which reference' has Illl'eady been AnQthel' typical appli,~tioll of my inven-
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tion is shown in Fig, 9, in which pi ilnd S' energy in large amonnts, when the quantity 
represent, respectively, the pr~mary :lnd sec- of heat to he carl'ied off may be considerable, 
ondal'Y cond uctor~, bare 01' lllsulated, of 'R. r~frig~rating applu'at.118 thoroughly protected 70 
transformel', which are woulldon a core N against the inflow of heat from t.he outside, 

5 and imIII el'seo in water or other substance W, as usual, will be employed at bot.h the sta~ 
contained in a jai: II, and, as before stated,. tions and when the distance between t,hem is 
pl'eferahly fl'ee(~ of ail' b~r b?i1ing 01' ?t.her- vm:y ,great a~so at int(mnediat.e points, the 
wise, The coollllg agent 18 cll:eul;~ted JIl any machmEWY hClllg ad vantageously operated by 75 
con \Tcllient. mannel', as through l.he hollow the cnrreilts transmitted or cooling flgent 

10 pl'imarv 1" f.~l' the l'Ul'l)O:;e. (If freezing the I' conveyed, In such cases a faidy-uniform, 
substance W, Flanged hushingsd dand oil- freezing of the insulating' substance will be 
cupsee 'extendin .. into the fl'ozen mal'S, illus-l attained without difficnlty by the _ compen
trate sl:itable me~ns for insulating t!le entls satil!g l'fle('t- of the oppositely - circl!lat!og 80 
of,the two conductors and preventIng th(\ coolIng agents, . In large plants of thIS kmd 

15 leakage of the cu~rents, ~ tJ'anSfOr!uCr, as I·when tl.lC ,siw!ng of elect,rical energy in, the 
described is espeCIally fitted for use WIth cnr- transllllSSlOn IS the most Important conslder-

, rents of high frequ~ncy when a low tempera-atioll or when the chief ohject is to reduce 
ture of t.he conductors is particulal'ly desil'- the cost of. tlle mnills by the employment of 85 
able and ice affords an except.ionally-effect- cheap metal, as iron 01' ot,herwise, evel'Y ef-

ao ive i'nsulation,. fort will be made to maint~in the conductol"S 
It will beundel"stood t.hat my invention may at the lowest possible tempm'atllre, and weH

be applied in numy other ways, that the spe-known refrigerating processes, as those based 
cial means here desCI'ibed will be great.ly va- on the r("generati ve principle, may be _resorted 90-
ried according to t.he necessities, and that in to, and in this and any other case the- hollow 

1.5 each case many expedients will be adopted conductorsol'channelsinsteadof merelyserv
which are well known to eugineers and elec~ ing the purpose ofcon\Teying the cooling agent_ 
tl'iCiaos and on \vhich it is unnecessary to ma.y themsel ves form active parts of the re-
dwell, However, it may be useful to state frigerating apparatus, ,9S 
that in someinstances a special provision From the above deseription it will be readily 

;0 ",ill have to be nUlde for effecting a uniform seen that my inN'ention forms a fllndamen
cooling of the !mbstance sllTronnding the oon- 'tal departure in the principle from the estab
dllCtol" t.hroughollt its longth, Assuming.in Hshed methods of insl1lating conductors em
Fig, 1 the cooling agent to escape at the dis- ployed in the industrial and commercial ap- 10C 

tant end freely into the atm08ph~re or into a plication of elect-ricity" It aims, broadl~, at 
35- reservoirmaint.ained at, low pressure, it wiI-Vn obtaining insulation by the continuous ex

passing through the hollow conductor C move penditure of 1\ moderate amount of energy 
with a velocity steadily increasing toward the instead of securing it only by virtue of an jn
end, expanding isothermally, or nearly so, andherent physical property of the material used lOS 

"hence it willcausenn approximately-uniform I\S heretofore. More especially, its object is. 
40 formation of ice along the conductor. In the to provide, when and wherever required, in

plan illl1strated in Fig. 3 a ttimilar result will sulation of high .quality, of any desired thick-
be in a measure attainell, owing to the COlll- ness, and exceptionallS eheap,and to ennble 
peusating effect of t.he hollow conductor C' the transmission of elect.rical energy under 110 

aotl C~, which llIay be still further enhanced conditions of economy heretofore unattain-
45 by reversing pel'iodically the direction of the able and at ditttances until now impracticable 

flow in any c(;mvenient manner; but in many by dispensing with the nece8.'Jity of using 
cases special arJ'angements ~illhave to be costly conductors and insulators, 
employed to render the cooling more> or less What I claim as lIly invention is- liS 
unifoI'm, For instance, referring to lt~igH. 4, 1. The method of insulating electric con-

50 5, and 6, insteatl of a single channel two con.- tlnctors.hereiu described which consists in im
centric channels L' and L2 may be provided parting insulatingpl'operties to materialsur-
and t,he cooling agent pasR~d t.hrollgh OIlA 8:JI(1 rOl1niling or COIlt.igIl0I18 to t.h~ Mid condllctor 
returned ,throug~1 th,'; othel', as jndi.cated, tlia- by the continued action thereon of a gaseous- 120 
g.ra~matIcally, lD Ii Ig, 10, In thIS and any cooling agent, as set forth, . 

55 slInllar arrangement when the flow takes place 2, The method of insulating electric con. 
in opposite dire(!tions the object aimed at will tlootors herein described which consists in re-
be mOl'e completely attained by reducing .the ducing to and maintaining in a frozen or 'so
temperature of the circulating cooling agent lidifled condition the Ulaterialsurroundingor 125 
_,t the distant station, which Illay be done by contigllous to the said conductor by the ac-

60 SImply expal~diu~ it !nto a large reservoir, tion thel'oon of a gaseous coolingagent main
~ R8, or cool~ng It b~ means!,f a tube o!,coil tained in circulation through one or more 
r or otherWIse, EVIdently lD the case Jllus- channels as set forth . 
~ra~d the concentric tu~s !nay be used as 3, The method of 'insulating electric con- 130 

lOdepeodent coocluctors If IIlsulated from ductors herein described which consists in 
6S each ot~er and from the ground by the frozen surrounding or support.ing the conductor by . 

or solidIfied ~ubstance. " " mater~al which acquires insulating prope~h~s 
Generally lD the tra.nsmlssion of el~t.rIcal when III a frozen or solidified state, and main-
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. tnining the material in 8u~h a stAte by the 
(~irculatioll through olle or lDure channels ex-
1Rlldin~ t.hl'ough it of a gaseous cooling agent, 
as set forth. . 

; 4. The method of insulating an electric con
dllct.or which consists iu surrounding or sup
porting . said conductor by a material.which 

_ Rcquires insulating properties when frozen or 
. Molidified, and maintaining the material in 
10 such state by pa.<SSiilg a gaseous cooling agent 

continuollsly through.a chanuel in said con
ductor, as set fort.h. 

0.· The method of insulating electric con
ductors, which consists in surrolinding-or sup-

IS porting the said conductorsbya material 
which acquires insulating properti&.t when in 
H. frozen or solidified state, and maintaining 
HH~ material ill such state by the continued 
appl icat·ion thereto of a gaseo.U8 cooling ageut, 

20 H.8·set forth. .. 
G. The method of insulating condnctors 

her6in !let forth which consists in surround
ing or supporting the conductors by & mate
-rial which acquires insulating properties 

25· when in a frozen or solidified state, and main
taining the material in such state by the cir
tHlhl.tion of a gaseous cooling agent through 
a circuit of pipes or tubes- extending through 
the !;aid material as S('lt forth. 

30 7. The method of iusulating electric con
ductors which consists in laying or support
ing the conductors inatrollgh orcondoit fill-

ing the trough ",ith a malorial which acquires 
insulating pn)perties when fl"Oze_n or solidi-· 
fied, al1d thel1 causing agasoous cooling agent 3S 
to chocolate through oue or more.cbaimels ex- ' 
tending through the matel'ia.l in the trough so 
uto freeze or 8oUdif)' the material, 38 8~t_ 
forth. -' .. 

8. Th~ method of insulating electric con- 40 
d DctOrs which consists in em ~dingthe same 
in a moist or pillstic cOlnponnd which acquires 
insulating properties when ill " frozen or so
lidified st.at.e, and maintaining the compound 
in such state by circulating a gaseous cooling 4S 
agent through one or more channels extend
ing through the compoDnd,-a.'J set forth. . 

9. The .method of insulating electric con
ductors which cOl1sists in laying or support
ing the collductol"S in a trough or conduit, till- 50 
ing the trough with a material wbichacq9ireR 
insulating propel·t.ies when frozen or solidi
fied, protecting the t.rough from thesurround
ing medium in which it is laid by an adia- . 
therluanous inclosure, and then freezing or ss 
solidifying t.he·material slfrrouncling the COR
ductors aud maintaining the same in such. 
state by circulating a gaseous cooling agent. 
through one or more channels extending 
throtlgb the same, as sot forth .. 

NIKOLA TESI.A. 
Witnesses: 

DRURY W. COOPER, 
JOHN C. KERR. 


