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INTRODUCTION 

The collection of articles and papers presented in this volume are in Nikola 
Tesla's own words; it is the most comprehensive single volume of Tesla's writings 
presently available. A period of over a quarter of a century has elapsed in gather
ing this material from every known source, in addition to searching archival mater
ial from the decades around the turn of the century. 

Mr. Tesla speaks for himself and the reader is enabled to make first hand judg
ments rather than relying on the opinions of others. The subject matter is arranged 
in chronological order and includes a wide range of interesting and important in
formation not previously published in book form. 

It is becoming recognized that Tesla's discoveries and inventions in the areas 
of alternating current power generation and transmission, high frequency and high 
voltage, along with basic radio communication, are the fundamentals of the present 
world-wide technological growth. Power transmission in small and large quantities 
without wires included plans for transmission of sufficient energy to make a light 
spot on the moon, and transmission of messages as far as distant planets. Tesla's 
adversaries seized on these concepts with ridicule and for the purpose of under
mining his credibility. In fact, there is now a systematic quest for life and 
intelligence· through the medium of radio astronomy which is a legitimate part of 
our present space program. 

Mr . Tesla continually expressed the contention that his system of electrical 
transmission was not by electromagnetic means, although the equipment did display 
these effects. His comments on the ether therefore are significant and differ from 
those of his contemporaries. It is unfortunate that one of the major hurdles in 
presenting new and fundamental discoveries is that of communication. 

Among the long l ist of accomplishments are new lighting systems, development and 
public demonstration of radio control before 1900, and new concepts in the cosmic 
rays. In the healing arts, Tesla was far ahead in the development of x-ray equip
ment, studies of physiological and other effects of high frequency on humans, and 
mechanical therapy. 

His thoughts encompassed the widest possible range, extending from treatises on 
the moon's rotation to finding a reference to the use of a compass in the 13th cen
tury. While by nature opposed to war, he developed specific plans for military 
application aimed at providing defense mechanisms to make war impossible. 

A new turbine design, incorporating low cost, simplicity, efficiency and light 
wei ght is today a commercial reality. At the time of development, successful demon
strations by the inventor were well received only in technical journals and news 
accounts . · 

The name of Nikola Tesla as a leader in the electrical field was well recognizea 
in this country and abroad in the 1890's and for a few years after 1900. The rea
sons for his fall into obscurity are numerous, but a major point that seems to be 
commonly overlooked is that a struggling inventor, several times on the verge of 
financial success, was the victim of economic situations beyond his control. The 
business difficulties of George Westinghouse resulted in payment of a minute frac
tion of the true value of the Tesla alter nating current motor and generator patents. 
The crash of 1901 was the most devastati ng to Tesla and also to his backer, J. P. 
Morgan, and prevented completion of the Wardenclyffe, Long Island, installation. 
It should be pointed out that Tesla was only complimentary of his financial backers. 

It is intended that the information presented will help i n clarifying many mis
sing details and, for the first time, make available some of Tesla's basic thoughts 
and ideas in areas which are in need of further development for the benefit of 
mankind. 

JTR 
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The EZeotPioal Engineer - London 
June 22, 1888. pp. 583-585 
THE TESLA ALTERNATE CURRENT MOTOR 

The interest taken in M. Tesla's contributions to electrical apparatus and to 
electrical literature is so great, and the subject is so important, that we do 
not hesitate to give further space to the subject. On May 26 a communication on 
the subject from Dr. Louis Duncan, of Johns Hopkins University, appeared in our 
American contemporary, the Electrical Review, to the effect: 

"We may, for our present purposes, divide motors tnto two classes; Continuous, 
in which the armature coils are unsymmetrical with respect to the poles, and 
which, therefore, give a practically constant torque, and alternating motors, in 
which the armature coils are symmetrical with respect to the poles, and which, 
therefore, give a torque varying both in magnitude and sign during a period of 
the counter E.M.F. The Tesla motor belongs to this latter class. 

"In every motor the torque is equal to the rate of change of lines of induct
ion through the armature circuit for a small angular displacement, multiplied by 
the armature current, or dmi 

(Jt• 
In the Tesla motor the first of these terms is greatest when the coil is op

posite a pole and the field currents have their greatest amplitude. It is zero 
at a point about 45 deg. from this, supposing we neglect armature reactions. It 
depends on several things. The E.M.F. which determines it is due to changes in 
the number of lines of force passing through the armature circuit caused by (l) 
·changes in the field currents; (2) the motion of the armature. The current de-
pends on these E.M.F.'s, and on the reduced self-induction and resistance of its 
circuit. The motor can only do work when the first cause of E.M.F. is the 
greater, for a current in the direction of the ordinary counter E.M.F. would 
stop the motion. In some parts of a revolution the two E.M.F.'s work together, 
retarding the motion; in others, the induced E.M.F. produces a current causing 
the motor t o revolve. It is impossible for me, with only a meagre description 
of the principles of the machine, to give an idea of the relative magnitude of 
these effects. Some of the results, however, are the following: Having given 
a defini te number of reversals of the dynamo, there are a number of speeds, mul
tipl es of these reversals, at which the motor will govern itself when it is do
ing a certain amount of work. At one of these speeds, depending on the construc
t ion of the motor , the output wi l·l be a maximum. Now I see the statement that 
'there is no difficulty whatever attendant upon starting the motor under load.' 
I cannot reconcile this with the above facts. That the torque for a smaller 
number of revolutions than ordinarily used, might be greater, one can readily 
see, since the counter E.M. F. is less in proportion to the induced E.M.F., but 
it must be remembered that for certain speeds even the induced current would tend 
to stop the motion; how the motor is to pass these critical speeds I do not see. 
Again, if the maxi mum load is suddenly thrown on while the motor is running at 
its proper speed, then, if the inertia be great, the motor will fall behind its 
point of maximum work, and either stop or take up some slower speed. 

"What the possible efficiency and output of the motor may be, only experiment 
will tell . I have shown* that the output of an ordinary alternating current 
motor is equal to that of a continuous cur rent motor, supplied with a corresponding 
ing E.M.F. The efficiency might be great, but is has the disadvantage that about 
the same current flows for no work and maximum work, so for light loads the 
efficiency can hardly be very high. 

"With our present knowledge of al t ernating currents it is useless to attempt 
to calculat e from the simpl e though misleading assumptions ordinarily made, the 

*Inst . Elec . Engineers, Feb., 1888. 
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output, conditions of maximum work, &c., of this machine. Experiment alone can 
determine its value, and on~ properly conducted and interpreted set of experi
ments should enable us to judge both the merit of the invention and its best 
possible form. I cannot see, however, how, in the form described in the last 
issue of this journal the motor can work under conditions of a suddenly varying 
load as satisfactorily as continuous current motors." 

To the above Mr. Tesla replied on June 2 as follows: 
"I find in your issue of last week a note of Mr. Duncan referring to my system 

of alternate current motors . 
"As I see that Dr. Duncan has not as yet been made acquainted with the real 

character of my invention, I cannot consider his article in the light of a ser
ious criticism, and would think it unnecessary to respond; but desiring to ex
press my consideration for him and the importance which I attach to his opinion, 
I will point out here briefly the characteristic features of my invention, inas
much as they have a direct bearing on the article above referred to. 

"The principle of action of my motor will be well understood from the follow
ing: By passing alternate currents in proper manner through independent ener
gising circuits in the motor, a progressive shifting or rotation of the poles of 
the same is effected . This shifting is more or less continuous according to the 
construction of the motor and the character and relative phase of the currents 
which should exist in order to secure the most perfect action. 

"If a lami nated riing be wound with four coils, and the same be connected in 
proper order to two independent circuits of an alternate current generator adapt
ed for this purpose, the passage of the currents through the coils produces 

1'1 

~ 

e4>~ 
l<'m. ln. 

theoretically a rotation of the poles of the ring, and in actual practice, in a 
series of experiments, I have demonstrated the complete analogy between such a 
ring and a revolving magnet. From the application of this principle to the oper
ation of motors, two forms of .motor of a character widely differing have resulted
one designed for constant and the other for variable load. The misunderstanding 
of Dr. Duncan is due to the fact that the prominent features of each of these two 
forms have not been specifically stated. In illustration of a representative of 
the second class, I refer to Fig. 1, given herewith. In thi s instance, the arm
ature of the motor is provided with two coils at right angles. As it may be be
lieved that a symmetrical arrangement of the coils with respect to the poles is 
required, I will assume that the armature is provided with a great number of dia~ 
metrically wound coils or conductors closed upon themselves, and forming as many 
independent circuits. Let it now be supposed that the ring is permanently magnet
ized so as to show two poles (N and S) at two points diametrically opposite, and 
that it is rotated by mechanical power. The armature being stationary, the rota
tion of the ring magnet will set up currents in the closed armature coils. These 
currents will be most intense at or near the points of the greatest density of 
the force, and they will produce poles upon the armature core at right angles to 
those of the ring. Of course there will be other elements entering into action 
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which will tend to modify this, but for the present they may be left unconsidered. 
As far as the location of the poles upon the armature core is concerned, the cur
rents generated in the armature coils will always act in the same manner, and will 
maintain continuously the poles of the core in the same position, with respect to 
those of the ring in any position of the latter, and independently of the speed. 
From the attraction between the core and the ring, a continuous rotary effort, con
stant in all positions, will result, the same as in a continuous current motor with 
a great number of armature coils. If the armature be allowed to turn, it will re
volve in the direction of rotation of the ring magnet, the induced current dimin
ishing as the speed increases, until upon the armature reaching very nearly the 
speed of the magnet, just enough current will flow through the coils to keep up the 
rotation. If, instead of rotating the ring by mechanical power, the poles of the 
same are shifted by the action of the alternate currents in the two circuits, the 
same results are obtained. 

"Now compare this system with a continuqus current system. In the latter we 
have alternate currents in the generator and motor coils, and intervening devices 
for commutating the currents, which on the motor besides effect automatically a pro
gressive shifting or rotation of the poles of the armature; here we have the same 
elements and identically the same operation, but without the commutating devices. 
In view of the fact that these devices are entirely unessential to the operation, 
such alternate current system will - at least in many respects - show a complete 
similarity with a continuous current system, and the motor will act precisely like 
a continuous current motor. If the load is augmented, the speed is diminished and 
the rotary effort correspondingly increased, as more current is made to pass through 
the energising circuits; load being taken off, the speed increases, and the current, 
and consequently the effort, is lessened . The effort, of course, is greatest when 
the armature is in the state of rest. 

"But, since the analogy is complete, how about the maximum efficiency and cur
rent passing through the circuits when the motor is running without any load? one 
will naturally inquire. It must be remembered that we have· to deal with alternate 
currents. In this form the motor simply represents a transform.er, in which currents 
are induced by a dynamic action instead of by reversals, and, as it might be ex
pected, the efficiency will be maximum at full load . As regards the current, there 
will be- at least , under proper conditions -as wide a variation in its strength 
as i n a transformer, and, by observing proper rules, it may be reduced to any de
sired quantity. Moreover, the current passing through the motor when running free, 
is no measure for the energy absorbed, since the instruments indicate only the nu
merical sum of the direct and induced electromotive forces and currents inst~ad of 
showing their difference. 

''Regarding the other class of these motors, designed for constant speed, the 
objections of Dr. Duncan are, in a measure applicable to certain constructions, but 
it should be considered that such motors are not expected to run without any, or 
with a very light load; and, if so , they do not, when properly constructed, present 
in this respect any more disadvantage than transformers under similar conditions. 
Besides, both features, rotary effort and tendency to constant speed, may be com
bined in a motor, and any desired preponderance may be given to either one, and in 
this manner a motor may be obtained possessing any desired character and capable of 
satisfying any possible demand in practice. 

"In conclusion, I will remark, with all respect to Dr. Duncan, that the advan
tages claimed for my system are not mere assumptions, but results actually obtain
ed, and that for this purpose experiments have been conducted through a long per
iod, and with an assiduity such as only a deep interest in the invention could in
spire; nevertheless, although my motor is the fruit of long labour and careful in
vestigation, I do not wish to claim any other merit beyond that of having invented 
it , and I leave it to men more competent than myself to determine the true laws of 
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the principle and the best mode of its application. What the result of these in
vestigations will be the future will tell; but whatever they may be, and to what
ever this principle may lead, I shall be sufficiently recompensed if later it will 
be admitted that I have contributed a share, however small, to the advancement of 
science. 11 

Electrical World - N. Y. 
May 25, 1889, pp. 297-298. 
MR. NIKOLA TESLA ON ALTERNATING CURRENT MOTORS. 
To the Editor of The Electrical World: 

SIR: About a year ago I had the pleasure of bringing before the American In
stitute of Electrical Engineers the results of some of my work on alternate cur
ent motors. They were received with the interest which novel ideas never fail to 
excite in scientific circles, and elicited considerable comment. With truly Amer
ican generosity, for which, on my part, I am ever thankful, a great deal of praise 
through the columns of your esteemed paper and other journal s has been bestowed 
upon the originator of the idea, in itself insignificant. At that time it was im
possible for me to bring before the Institute other results in the same line of 
thought. Moreover, I did not think it probable - considering the novelty of the 
idea - that anybody else would be likely to pursue work in the same direction. By 
one of the most curious coincidences, however, Professor Ferraris not only came ' 
independently to the same theoretical results, but in a manner identical almost to 
the smallest detail. Far from being disappointed at being prevented from calling 
the discovery of the principle exclusively my own, I have been excessively pleased 
to see my views, which I had formed and carried out long before, confirmed by this 
eminent man, to whom I consider myself happy to be related i n spirit, and toward 
whom, ever since the knowledge of the facts has reached me, I have entertained 
feelings of the most sincere sympathy and esteem. In his able essay Prof4 Ferraris 
omitted to mention various other ways of accomplishing similar results, some of 
which have later been indicated by 0. B. Shallenberger, who some time before the 
publication of the results obtained by Prof. Ferraris and myself had utilized the 
principle in the construction of his now well known alternate current meter, and 
at a still later period by Prof. Elihu Thomson and Mr. M. J. Wightman. 

Since the original publications, for obvious reasons, little has been made known 
in regard to the further progress of the invention; nevertheless the work of per
fecting has been carried on indefatigably with all the intelligent help and means 
which a corporation almost unlimited in its resources could command, and marked 
progress has been made in every direction. It is therefore not surprising that many 

·unaquainted with this fact, in expressing their views as to the results obtained, 
have grossly erred. 

In your issue of May 4 I find a communication from the electricians of Ganz & 
Co., of Budapest, relating to certain results observed in recent experiments with 
a novel form of alternate current motor. I would have nothing to say in regard to 
this communication unless it were to sincerely congratulate these gentlemen on any 
good results which they may have obtained, but fo r the article, seemingly inspired 
by them, which appeared in the London EZeetrieaZ Review of April 26, wherein certain 

Reprinted with permission. Reprinted from May 25~ 1889, issue of EZeetrieal World. 
G) Copyright 1889, McGraw-Hill, Inc. All rights reserved. 
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erroneous views are indorsed and some radical ly false asserti ons made, which, though 
they may be quite unintentional, are such as to create prejudice and affect mater
ial interests. 

As to the resul ts presented, they not only do not show anything extraordinary, 
but are, i n fact, considerably below some figures obtained wi th my motors a l ong 
time ago. The main stress being laid upon the proposition between the apparent and 
real energy supplied, or perhaps more directly, upon the rat i o of the energy appar
ently suppli ed to, and the real energy developed by, the motor, I will here submit, 
with your permission , to your readers, the resul ts respecti vely arrived at by these 
gentlemen and mysel f. 

Rati o of energy 
Energy apparently Work performed in apparently supplied 
supplied in watts. watts. to the real energy 

developed. 

Ganz & Westing- Ganz & Westing- Ganz & Westing-
Co. house Co. Co . house Co. Co. house Co. 

18,000 21 ,840 11 ,000 17,595 0. 611 0.805 
24,200 30,295 14,600 25,365 0.603 0.836 
29,800 43,624 22,700 36,915 0. 761 0.816 
... ... 56,800 . . ... . 48,675 0.856 
. . . . . . 67,500 .. .... 59,440 0.88 
.. . .. . 79 '1 00 . ... .. 67,365 0.851 

If we compare these figures we will find that the most favorable ratio in Ganz & 
C0 1 S motor is 0.761, whereas in the Westinghouse , for about the same load, it is 
0.836, while in other instances, as may be seen, it is still more favorable. Not
withstanding this, the conditions of the test were not such as to warrant the best 
possible results. 

The factors upon which the apparent energy is mainly dependent could have been 
better determined by a proper construction of the motor and observance of certain 
conditions. In fact, with such a motor a current regulation may be obtained which, 
for all practi cal purposes, is as good as that of the direct current motors, and 
the only disadvantage, if it be one , is that when the motor is running without load 
the apparent energy cannot be reduced quite as low as might be des i rabl e . For in
stance, in the case of this motor the small est amount of apparent energy was about 
3,000 watts, which is certainly not very much for a machine capable of devel oping 
90 h. p. of work; besides, the amount could have been reduced very likely to 2,000 
watts or less. 

On the other hand, these motors possess the beautiful feature of maintaini ng an 
absolutely constant speed no matter how the load may vary. This feature may be il
lustrated best by the fol l owing experiment performed with this motor . The motor 
was run empty, and a load of about 200 h. p. , far exceeding the normal load, was 
thrown on suddenly. Both armatures of the motor and generator were seen to stop 
for an instant, the belts slipping over the pulleys , whereupon both came up to the 
normal speed with the ful l load, not having been t hrown out of synchronism. The 
experiment coul d be repeated any number of times . In some cases, the dri vi ng power 
being sufficient, I have been enabled to throw on a load exceeding 8 to 9 times 
that which the motor was designed to carry, without affecting the speed in the 
least. 
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This will be easily understood from the manner in which the current regulation 
is effected. Assuming the motor to be running without any load, the poles of the 
annature and field have a certain relative position which is that of the highest 
self-induction or counter electromotive force. If load be thrown on, the poles are 
made to recede; the self-induction or counter electromotive force is thereby dimin
ished and more current passed through the stationary or movable armature-coils. 
This regulation is very different from that of a direct current motor. In the lat
ter the current is varied by the motor losing a certain number of revolutions in 
proportion to the load, and the regulation would be impossible if the speed would 
be maintained constant; here the whole regulation is practically effected during a 
fraction of one revolution only. From this it is also apparent that it is a prac
tical impossibility to throw such a motor out of synchronism, as the whole work 
must be done in an instant, it being evident that if the load is not sufficient to 
make a motor lose a fraction of the first revolution it will not be able to do so 
in the succeeding revolutions. As to the efficiency of these motors, it is per
fectly practicable to obtain 94 to 95 per cent. 

The results above given were obtained on a three-wire system. The same motor 
has been started and operated on two wires in a variety of ways, and although it 
was not capable of performing quite as much work as on three wires, up to about 
60 h. p. it gave results practically the same as those above-mentioned. In fair
ness to the electricians of Ganz & Co., I must state here that the speed of this 
motor was higher than that used in their experiments, it being about 1,500. I can
not make due allowance for this difference, as the diameter of the armature and 
other particulars of the Ganz & Co. motor were not given . 

The motor tested had a weight of about 5,000 lbs. From this it will be seen that 
the performance even on two wires was quite equal to that of the best direct current 
motors. The motor being of a synchronous type, it might be implied that it was not 
cap.able of starting. On the contrary, however, it had a considerable torque on the 
start and was capable of starting under fair load. 

In the article above referred to the assertion is made that the weight of such 
alternate current motor, for a given capacity, is "several times 11 larger than that 
of a direct current motor. In answer to this I will state here that we have motors 
which with a weight of about 850 pounds develop 10 h. p. with an efficiency of very 
nearly 90 per cent, and the spectacle of a direct current motor weighing, say 200 -
300 pounds and performing the same work, would be very gratifying for me to behold. 
The motor whi ch I have just mentioned had no commutator or brushes of any kind nor 
did it require any direct current. 

Finally, in order to refute various assertions made at random, principally in 
the foreign papers, I will take the liberty of calling to the attention of the cri
tics the fact that since the discovery of the principle several types of motors 
have been perfected and of entirely different characteristics, each suited for a 
special kind of work, so that while one may be preferable on account of its ideal 
simplicity, another might be more efficient. It is evidently impossible to unite 
all imaginable advantages in one form, and it is equally unfair and unreasonable to 
judge all different forms according to a common standard. Which form of the exist
ing motors is best, time will show; but even in the present state of the art we are 
enabled to satisfy any possible demand in practice. 

Nikola Tesla 
Pittsburgh, Pa. 



The EZeet~ieaZ Engineer - N. Y. 
April 9, 1890, p. 221 
THE LOSSES DUE TO HYSTERESIS IN TRANSFORMERS. 

In your issue of April 2, in referring to certain remarks made by me at the 
recent meeting of the American Institute of Electrical Engineers on the subject of 
hysteresis you make the statement: 11 lt is this constancy of relation that, as Mr. 
Tesla pointed out*** may ultimately establish t he correctness of the hypothesis 
advanced, that in reality there is no loss due to hysteresis, and that the changes 
of magnetization represent a charging and discharging of molecul ar energy without 
entailing an actual expenditure of energy. 11 

I do not recollect having made such a statement, and as I was evidently misunder
stood, you will greatly oblige me in inserting the following few lines, which ex
press the idea I meant to advance: 

~P to the present no satisfactory explanation of the causes of hysteresis has 
been given. In the most exhaustive and competent treatise on the theory of trans
formers, by Fleming, static hysteresis is expl ained by supposing that "the magnetic 
molecules or molecular magnets, the arrangement of which constitutes magnetization, 
move stiffly, and the dissipation of energy is the work done in making the neces
sary magnetic displ acement against a sort of magnetic friction." Commonly it is 
stated that this is a distinct element in the loss of energy in an iron core under
going magnetic changes entirely independent of any currents generated therein. 

Now it is difficult to reconcile these views with our present notions on the 
constitution of matter generally. The molecules or iron cannot be connected to
gether by ·anything but elastic forces, since they are separated by an intervening 
elastic medium through wh ich the forces act; and this being the case is it not rea
sonable to assume that if a given amount of energy is taken up to bring the mol 
ecules out of their original position an equivalent amount of energy should be re
stored by the molecules reassuming their original positions, as we know is the case 
in all molecular displacements? We cannot imagine that an appreciable amount of 
energy should be wasted by the elastically connected molecul es swinging back and 
forth from t heir original positions, which they must constantly tend to assume~ at 
least within the limit of elasticity, which in all probability is rarely surpassed. 
The losses cannot be attributed to mere displacement, as this would necessitate 
the supposition that the molecules are connected rigidly, which is qu i te unthinkable. 

A current cannot act upon the particles unless it acts upon currents in -the same, 
either previously existing or set up by it, and since the particles are held to
gether by elastic forces the losses must be ascribed wholly to the current generated . 
The remarkable discovery of Ewing that the magnetization is greater on the descent 
than on the ascent for the same values of magnetizing force strongly points to the 
fact that hysteresis is intimately connected with the generation of currents either 
in the molecules individually or in groups of them through the space intervening. 
The fact observed accords perfectly with our experience on current induction, for 
we know that on the descent any current set up must be of the same direction with 
the inducing current, and, therefore, must join with the same in producing a com
mon effect; w·hereas, on the ascent the contrary is the case. 

Dr. Duncan stated that the ratio of increase of primary and secondary current is 
constant. This statement is, perhaps, not sufficiently expressive, for not only is 
the ratio constant but, obviously, the differential effect of primary and secondary 
is constant. Now any current generated - molecular or Foucault currents in the 
mass - must be in amount proportionate to the difference of the inductive effect of 
the primary and secondary , s ince both currents add algebraically - the ratio of 
windings duly considered, - and as this difference is constant the loss, if wholly 
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accounted for in this manner, must be constant. Obviously I mean here the trans
formers under consideration, that is, those with a closed magnetic circuit, and I 
venture to say that the above will be more pronounced when the primary and secondar; 
are wound one on top of the other than when they are wound side by side; and gen
erally it will be the more pronounced the closer their inductive relation. 

Dr. Duncan's figures also show that the loss is proportionate to the square of 
the electromotive force. Again this ought to be so, for an increased electromotive 
force causes a proportionately increased current which, in accordance with the abov1 
statements, myst entail a loss in the proportion of the square. 

Certainly, to account for all the phenomena of hysteresis, effects of mechanical 
vibration, t he behavior of steel and nickel alloy, etc., a number of suppositions 
must be made; but can it not be assumed that, for instance, in the case of steel an' 
nickel alloys the dissipation of energy is modified by the modified resistance; and 
to explain the apparent inconsistency of this view we only need to remember that th~ 
resistance of a body as a whole is not a measure of the degree of conductivity of 
the particles of which it is composed. 

N. Tesla 
New York City 
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SWINBURNE'S "HEDGEHOG" TRANSFORMER. 

BY NJKOLA. TltSL.A.. 

SoME time ago Mr. Swinburne advanced certain view11 
on tr3nsformers whioh have elicited some comment. In 
T uE EuCTBIC.A.L ENGINEER of ~ept. 10. there ·are brought 
out further arguments on behalf of his open circuit, or, as 
he calla it, "hedgehog" transformer, claiming for this 
type a higher average efficiency than is attainable with tho 
closed circuit forms. In regard to this, I say with Goethe, 
"Die Botachaf t hOr' ich wohl, allein mir fehlt der Glaubc---. 
I bear the message, but I lack belief." 

:Many of Mr. Swinburne's arguments at·e in my opinion 
erroneous. He says : "In calculating tho efficienotes of 
transformers, the loss in the · iron has generally been left 
com{>letely out of · a ccount, and the loss in copper alone 
cons1dered ; hence, the efficiencies of 0'1 and 98 per cent. 
claimed for closed iron circuit forms/' This is a 11tatement 
little complimentary to · those who have made suob esti
mates, and perhaps Mr. Swinburne would be very much 
embarassed to cite names on behalf of his argument. He 
assumes the loss in the iron in the closed circuit forms to 
be 10 per ce~t: of the full load, and further "that iu moat 
stations the average use of lamps is less than two hours a. 
day, mclnding all lamps installed," and arrives at some 
interesting figures in regard to ~fficiency. Mr. Swinburne 
seems not to be aware of the improvements made in the 
iron. The loss with the best quality of iron will,' I believe, 
not reach 6 per cent. of the full load by an intelligent use 
of the transformer, and there is no doubt that further 
improvements will be made in that direction. . 

As regards tho second part of his assumption, I tbink 
that it is exaggerated. It must be rt:~membercd that in most 
central st~tions or large plants due care is taken that the 
load ia favorably dit~tributcd and in many ca.ses tbA wiring 
is such that entire circuits may be shut off at certam hours 
_so that there is during these hours no loss whatever in the 
trans£ ormera. · 
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In his "hedgehog" form of transformer Mr. Swin- · 
bume reduces the iron considerably and comes to the 
conclusion that even in small trant~formers the iron loss 
is under one per cent. of the full load, while in the 
closed circuit forme, it is, according to him, 10 per cent. It 
would strengthen this argument if the iron would be 
dispensed with altogether . . Mr. Swinburne docs not apprc· 
ciate fully the disadvantages which tho open circuit form, 

· operated at tho tt$Ual period, entails. In order that the lost! 
in the iron should be reduced to onc·tcnth, it is necessary 
to reduce tho weight of the iron core to one-tenth and tmb
ject every unit length of tho same to tho same magneto
motive force. If a higher magneto. motive force is used tho 
loss in the core will-within certain limit s, at least-
he proportionate to. tho square . of the magneto-moti \'6 

force. 'l'he remark of .Mr. Swinburne, "lf the iron 
circuit is opened, the aides of tho embracing core can be 
removed, so the loss by hysteresis it~ divided by three," i~:~ 

]f" 
therefore not true; the loss will be divided by 3 x p 2 where 

l 

F > F. If the iron of the open circuit form is ruado up 
in

1 
a· closed ring the advantage will be at once apparent, 

for, Iince 'the magnetic resi11tanco will bo much reduced, 
t he roagnt'to-motivc force required will be eorrespondmgly 
Hlll:tll~:~t·. It ik proba.ble that, say, four Swinburne t ra ll!-4· 

: formers may be joined in such a way as to form a ~losed 
I 

magnetic circuit. I n this case the amount of iron and cop· 
per would remain the same, but an advant.a~e will he 
~aincd as t he total magnetic re11istance will be d1minisherl. 
'l.'he four tran~;formers will now demand leas excitation aml 
aince-.under otherwise equal conditions-the gain dcpmtdll 
on the square of the existing current, it ia by no menns 
insignificant. From tho a.bove oomparison it i8 evident. 
that the core of such open circuit tTansformer f.llbonld be 
very ,:hort, by far shorter than it appears from tbe cut in 
Tns ELECTIUCAL ENGINltltR. 

Mr. Swinburne i11 in error as to the motive11 which h:\Ve 
caused the tendency to shorten the magnetic circuit in close•\ 
circuit transformers. It was principally on :u~count. of 
practic:1.l considerations and not to reduce the mag netic rc· 
sistancc, which bas little to do with efficiency. If r. ring be 
made Of, say, 10 centimetres mean length and 1 0 11quarc 
centimetres cross.section, and if it be wound all over with 
the primary and secondary wires, it will be foun<l that it. 
will give the best result with a certain number of altcrna· 
tions. If, now, a ring ie made of the 11ame quality of iron 
but h:~.ving, say, 20 centimetres mean length and 10 squnrc 
centimetres section it will give again the best . rcsnlt with 
the same number of alternationB, and the efficiency will he 
tho same as before, provided that the ring i11 wound all over 
with the primary and secondary wires. The space in11i<.lc 
of the ring will, in the aecond case, b e increased m propor
tion to the square of the diameter, and there will be no rliffi· 
culty in · windin~ on it all the wire required. So tho length 
may be indefimtcly increased and a transformer of nny 
capacity made, as long as tho ring is completely covered 
by the primary and secondary wires. · 

If the 'vires be wound side by side the ring of s~allcr 
diameter will give a better result, l_lnd the same w1ll he 
the case if a certain fraction of the ring is not .covered h)' 
the wjrea. It then becomes important to shorten ~he mag· 
netic circuit. Dut, since in practice it i11 neceesary to 
encloRe the trant~formcr in a casting, i! such a rin~ bo made, 
it would have to be protected with a layer of laminate•\ 
iron, which would increase the cost and loss, It may ~~c 
inclosed in j:m of some insulating material, as .Mr. Swm· 
burne does, but this is lees practicable. . 

Owing to this, the constructors of the most pract1cal 
forma, such, for instance, as theW eH.tingbouae transformer, 
to which the Swinburne rpasoning applit>a, have been 
prompted to enclose tho wires aa much as possible with tho 
laminated iron, and then it became important to shorten 
the magnetic circuit, because in this form only a part of 
tho magnetic circuit is surrounded by the w ireR, as well M 

for other practical considerations. 
In practice it is desirable to get along with tho least 

length of copper con<lnctor on account of che;tpnestl :\lid 
regulation. Mr. Swinburne states that in his t r.am;formcr 
the loss in iron is under one per cent.. of the full load ; :\ll 
the balance of loss mua.t, therefore, be in t he copper. Bt!t 
since, according to him, the wireR are of larger section, h1:1 

transformer can hardly be an improvement in that direction, 
Tho gun-metal casting is also objectionable. T here is n.o 
doubt some loss going on in the same, and bealdee; tt 

increases the rel!ifitance of the wires by a factor · rs: V F. 
where Sis the total cross·sectiou of the core and S, the 
section of the hon 'vire~. There ie one important point 
which seems to have escaped :Mr. Swinburne's attention. 
'Vhetbor the open circuit transformer is an i!llprovcment, or 
not, will depend principally on the period . The experience 

. of most electrical engineers has resulted in the auoptiou of 
the closed circuit transformer. I believe that I wall tho 
first to advocate an open circuit form, but to improve 
its efficiency I bad to usc a much higher period ; at wmal 
periods ,the closed circuit form is preferable. 

Mr. Swinburne make11 11ome other obscure Rtatemcnt.~ 
upon which I nt>cd nQt dwell, as they have uo bcariug ,,,: 
the main questivn. 
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CORRESPONDENCE. 

PITTSBURGH. 

An Eleetrlo P"'•••• tor M•kl_DI: "Wrou.ht" lron-Regulatlu• the 
Wh•••· . . .. . 

A .J>'RQ<:ES& of U1aking wi-ought iron from pig metal .without 
puddlin~ is i,()ne ~ pf: th~ '. discoveries' made by ~r. Em~ens,_ of 
Grt>ensburg, nenrthut.'clty . . The doctor accomphshes h1s obJect . 
with tPle aid of electricity. He takes a vat wh1ch. is filled with a 
chemical solution and a number of thin sheet iron platell. Then, 
the pig iron is also placed .in . the vat, after which the . pig iron 
and the sh~t iron ar•e connected with a dynamo. The current 
generated by tile dynamo is said to have the effect of causing the 
pure iron to be separated· from the impurities in. the pig iron and 
form a. deposit on the shee.t ir~m plates. · 

The quality .,of ~his wrought· iron is stated to be superior to 
that or the best Swedish metal. It can be bent, rolled or twisted 
into ·any shape, while cold. - Dr. Emmens says that he can take a 
horse shoe nail of this iron, fa.st.en t he head in 11. vice and twist it 
into an almost perfect screw without breaking. . 

An ordinance providing for the regulation of electric wires 
in the streets will be acted ~pon by councils within the next few 
days. All the electri<: wires must be pla.ced at least twenty feet 
above the side walks, and where there are street railway wires on 
the same street; the former wires must be a sufficient distance 
abQve the. others so as not to interfere. Underground wires, 
cables, tubes, conduit'! and subways shall be placed at least two 
feet under the ground a.nd as near the 8treet curb as practicable. 

P1Tl'S8UaGJI, Sept.. 18, 1590. 

ST. LOUIS. 
Electric ltaflway New1.-Re1lC11atlonl and Appolntment1.- The Tar

nor Uulefcle ltoa<ll . 

DuRING the aummer month! the work ot ohanging the motive 
power on the Lindell Ra.ihvt\y has progressed steadily, but with 
some delay at time!! on account of scarcity of material of all 
kinds. The policy of the company is to constructafirst-clnss elec
tric railway re,c:ardless ot cost and time. T he new power house is 
finished and the lnachinery is being placed in position. Six 
boilers are'·eet and ready for steam. Eight dynamos are on hand 
and being set up, and the first of tile four 400 h. p. Armington & 
Sima engines is e~pected to arrive :!>bout the 20th. 

The Vandev('ntt-r Avenue Street Railway will be operated as a 
part of the Lindell Raihvay. · The construction of this road is 
being pushed to. completion with the same thoroughness as the 
main line of the Lindell, the intention bei!l~ to have it in oper~-· 
tion by October 1 so as. to accommodn.te VISitors to the St. Loms 
AgTicultural Fair. The Vandeventer avenue line will ex:tend from 
Chouteau avenue to tho fair grounds, and will thus form a direct 
line fr-om'Union D~pot to the fair grounds. The ·acquisition of 
the Vandev('nter line gives the Lindell Railway Compuny.a total of 
18 miles of double track. 

Mr. E. J. Bagnall has resigned his position as superintendent 
of the St. Louis Illuminating Company and has accepted the posi
tion of engineer of tho Lindell Railway Company, and will have 
compl~te ~narge of everythilli per~aiQing to moch<~-nical and elec
trical engineering. 

The St. Louis Unicycle Railway Company has been incorpo
rated under the law~ of the State of Missouri, with a capital stock 
of $200',000,-with the following officers: President, L. A. Drown.; 
vice-presidents, John H. French and J. W. Tremayne; treasurer, 
W. A. Adams; secretary, Chas. H. Wengler; directors, Chn.s. H. 
Gleason, Cbas.· H. Blake arid David Strawbridge. : The Unicycle 
railway is the invention of E. M. Turner, of Tex:as, and is an ele· 
vated ·electric railway having only one rail. A motor car pro
pelled by a one h. p. · Sprague QJectric motor ill nO\v in operation 
at the ex:position. , . 

Tbt> McKee street railway syndicate have clost>d 11. contract 
with the· Short Electric Railway Company for 1,000 motors. This 
syndica te has been formed lately for the purpose of purchaein~·, 
constructing and operating electric railways, and this order 18 
given so as to have the lilotorS roady for use as fast a.'i they may 
be required. . · . 

Mr. C. L : Abbott ha.s resigned his position a.s sup('rintendentof 
the Short:Electric Railway, on the south end of the St. L ouis rail
road, and has accepted the position of superintendent of the Glen
wood and Greenlawn. Street Railway, Sprague system, Columbus., 
0., and will leave sho-rtly for his new field of !abo!·. . 

The Board of Public -Improvements have appointed Andrew J. 
O'Remy supervisor of city lighting in place of E. V . .Matlack. · No 
specific charges were·.br.ought against Mr. Matlack by the board, 
the change being made merely to quiet a genern.l dissatisfaction 
...,h;,.h h<>A ATIA!Ptf ,.;.,.,,..,Mr. 1\1',..t.l,....,lc•,. stnnoint.mc>nt. ovnr ll vAAr 

LETTERS TO THE EDITOR. 

Notice to CorreepondenU. 

w, do Mt hold our1elt1M rt.tpan.dl>~for tM optnio111 of our rorrupl)ndn!.U • 
.A.nontm'()lu c.ommwucation.t cannol b1 nolictcl. 
Tlul Editor ruptcytdly reque1t• that all communic<aliolll171lJ1flu drawn up a8 bri<ftr 

an(l IH much t.o lM poi11t GStx>l•i~l,. 
Til ord1r t.o facUitate rijermce, corrupondenU, toMn rijerrllliJ to an~ l~tfer preoi

Outlv iMerted wiU ooll(ll by rnmtionin!l ttu 1erlcll number of IIU:h 11tur, a11tl nJ 
til.< page on whtch U appe""'· 

· SutcJW.tJnd d•·awingl for iUt~•tralloM &ltmdd be on ytNiraU pfMu qf paper. 
AU oommr.mtc-ation.t ~liould IN< nol,Jrt.i8ecl Eol'l'OJ\ OP Tn~: EI.ECTillo.u, l!.;NOINEEII, 

1~ JJroaclwav, New York citv. 

TESLA'B NEW ALTERNATING MOTORS. 

(189.1-I hope you wiU allow me the privilege to say in tho col· 
umns o( your osteemetl journal a few words iu regard to an artide 
which appeared in Industries of August 22, to which my attention 
has been called. In this article an atteo.1pt is made to criticise 
some of my inventions, notably those which you have des<:-.ribed 
in your issue of August G, 1800. 

The writer begins by stating: "The motor depends on a shift-
. ing of the pole:J under certniu conditions, a principle which ha>:~ 
been alread.l/1 employed by Mr. A. Wt·ight in his alternating cur
rent meter." This is no surprise to me. It would rather have 
surprised mo to learn that Mr. 'Wright has not yet employed the 
principle in his meter, considering what, before its appearance, 
was known of my work on motors, and more particularly of that 
of Sehallenborger on mete·rs. It hal:! cost me years of thought to 
arrive at certain results, i>y many believed to be unatta.inahlo, for 
which there arc now nmnerous claimants: and tho number-of these 
ls rapidly increasing, like that of the colonels in the South after 
the war. . 

Tho ,writer then good-naturedly explains the theory of action 
of the motive device in Wright's meter, which has greatly bene
fited me, for it is so long- since I have arri>ed at thi!l, and sim· 
ilar theories, that I h[Lrl almost forgotten it. He then eays: "Mr. 
Tesla has worked out some more or less complicated motors on 
this principle, but the curious point is that he has completely mis
understood the theory of the phenom.elia, ahd has got hold of the 
old fallacy of. screening." This may be curious, l.lut how mu~:h 
more curious it is to find that the writer in Industries bas com
pletely mis·understood everything himself. I like nothing !xotter 
than just criticism of my work, even if it be severe, but when tho 
critic aSBunies a certain ''l'ctat c'est ruoi " air of unquestioned 
cvmpctency 1 want h im to know what he is writing about. How 
little the writE-r in Industries 1:1eems to know about the mattor is 
painfully apparent when ho connects the phenomenon i.u Wright's 
meter with the subject be has under consideration. ;His further 
remark, •· He {Mr. Tesla) winds his secondary of iron instead of 
copper ami thinks the e!Iect is produced magnetically," il:l illuatra
tive of the cnre with which he bas poru~cd the description of 
the· devices contained in the issue of ToE ELECTRIOAL ENoi;qEEil 
above referred to. 

· l take a. wotor hl\ving, S!\y eight polee, and wrap the oxciting 
coils of four alternate corE-s with fine insulated iron wire. When 
the current is started in these coils it encounters the t~ffect of the 
closed magnetic circuit and is rctartled. The magnetic lines set 
up at the start close to the iron wire around the coils and no free 
poles appear at fin;t at the ends of the four cores. A5 tho current 
rises in the coils mort~ lines nre set up, which crowd n10re and 
more in the fine iron wire until finally the same becomes satu· 
ratod, or nearly so, when the shielding action of the irou wire 
cease:J and free poles appear at the end<~ of the fou[' protected 
cores. The .effect of the iron \\lire, as will be seen, is two-fold. 
First it retards the energ izing current; and second, it delays the 
appe~rao.ce of thefreo pol~s. To produce a still greater difference 
of phase in the magneti?.ation· of the protected and nnprotected 
cores, I connect the iron wire surrounding the coils of the former 
in series with tho coils of the Iutter, in which case, ot course, tho 
iron wire is preferably wound or connected differentially, after 
the fashion oC the resistance coils in a bridge, so a.s to have no ap· 
preciable self-induction. In other case~ I obtain the desired re
tardation in the appcaranco of the free poles on one set of cores 
by a magnetic shunt, which produces a. greater retardation of the 
current and takes up at the start a certain number ot tJ1e linos sol 
up, but becomes saturated when the current in the ex:<:iting coils 
reaches a predetermined strength. 

In tho tr:matorruer .the same principle ot shielding is utilized. 
A primary conductor is surrounded witlt a fine layer of laminated 
iron consisting of fine iron wire or plates properly insulated and 
intc~upted. As long as t.he current in 'the rrima1·y conductor is 
eo small that the iron enclosure can carry al tho lines of force eel 
up by the current, thertl i:1 ' 'ery little actiou exerted upon a l:lCC· 
ondary conductor placed in vicinity to the first; but just as llO<Jn 
as the iron enclosure becoanes e\\turated, or nearly Bo, H los~)~ th~ 
virtue of protecting the secondary and the inducing action of th1 
primary practically begins. What, may I ask, has all this to do 
with the "old fallacy of 11creening ?" 

1XT: U ... ,..,.. .. tn~n nh;Lu-.4-a in ·u iour-tho AntlrnAPntinn nf urni~h 111nnJl 
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lead me too far-an arrangemen~ was shown in THE ELEOTRIOAL 
ENOINitER, about ~vhich the writer in Industries says: "A ring of 
laminated iron is wound with a secondary. It is then encased in 
iron laminated in the wrong direction and the primary is wound 
o~tside of this. The layer of iron between the primary and sec
ondary is supposed to screen the coil. Of course it cannot do so, 
such a thing Is unthinkable:•.'., This remind!\, me of the man who 
had committe~ tjome offense and engaged the services of an a ttor
ney. •·• TheY: cannot ·eommit y'o~ to _prison for that," E<aid the 
attorney. · Finally the man waa 1mpnsoned. He sent for the at
torney. "Sir," said the latter, "I tell you they cannot imprison 
you for that." · "I3ut, sir," retorted the prisoner, "they llat·e · 
in1prisoned me.:• It may not screen, i'n the opinion of the writer 
in Indmtries, but just the same it does. According to tho arrange
ment the p rincipal effect of the screen may be either a retarJa
tion of the action of t he primary current upon the secondary cir
cuit or a deformation of the secondary current wave with similar 
results for the purposes intended. In the arrangemt>nt r t>ferred 
to by the writer in Industries he Sflems to be certain that the iron 
layer acts like a choking coil; there again he is mistalten; it doea 
not act like a choking coil, for. then its capacity for maintaining 
constant current would be >cry l imited. I3ut it acts more like a 
magnetic shunt in constant current transformers and dynamos, 
as, in my opinion, it ought to act. . 

There are a good many more things to be said about the r e
marks contained. in Industries. In regard to tho magnetic time 
lag the writer says: "If a bar of iron has a coil at one encl, an<l 
if the core is perfectly laminated, on starting a. current in the coil 
the induction all · alot~g th6· iron corresponds to the excitation at 
that instant, un less there is a microscopic time lag, of which there 
is no evidence." Yet a motor was described, tho very opera tion 
ot which is dependent on the t ime lag of magnetization of tho 
different ·parts of a. co·re. It is truE~ thE~ M'iter uses the tern'\ "per
fectly laminated" (which; by .the way, I would like him to ex
plain), but if he intends to make such a "perfectly laminated" 
core I ventnre to say there is trouble in store for him.· From his 
reruarks I see that the writer ·completely overlooks the import
ance of the size of the core a nd of the number of t he alternations 
pointed out ; he fails to see tho stress laid on t he saturation of tho 
screen, or shunt, in somoot the cases described; he docs not seem 
to recognize the fact that in the cases considered the formation of 
current is reduced as far as practicable in the screen, and that tho 
same, therefore, so far as its quality of screening iiS concerned, 
has no role to perform as a conductor. I also see that he would 
want considerable information about the time lag in tho magnet
ization of the difierent parts of n core, and n.n explanation 
why, in tho transformer he refers to, the screen is laminated 
in the , turong direction, etc.- but the elucidation of all 
these points would require more time than I am able to 
devote to the subject. It is distressing to find all this in the 
columns of a leading technical journal. 

ln conclusion, the writer shows his true colors by making the 
follo.wing withering remarks: "It. is ·questionable whether tho 
Tesln. motor will ever be a success. Such motors will go round, 
of course, and will give outputs, but their efficiency is doubtful; 
and if they need three-wire circuits and special generators tht•ro 

· is no object in using them, as a direct current motor can be run 
instead \Vith advantage." . 

No .man of broad views will feel certain of the success of any 
~nvention, however good and oriJ>inal, in this period of feverish 
acti·dty, w hen every day may brmg new and unforseen develop
ments. At the pace wo aro progressing the permanence of all our 
anparatus it its present forms becomes moro and more problem
athal. It ie im possibfte to foretell what type of motor will crystal
ize out of the united efforts of many able men; but it is my con
viction that at no distant time a motor havin~ commutator and 
brushes will be looked upon as at1 nntiquat<>d piece of mechanism. 
Just how much the last quoted r emarks of the wri ter of Indus
tries-considering the present state of the art-are justified, I 
will endeavor to show in a few lines. . 

First, take the transmission of power in isolated places. A case 
frequently occurl-in~ in practice and attracting mor~ and more 
the attention of engineers is the trnmsmbsion of largo powers a t 
considerable clistances. In such a case the power is very likely 
to be cheap, and the cardinal requirements arc then the reuuction 
of the cost of the ·leads, cheapness of construction and mainte· · 
nance of machinery and constant speed of the motors. Suppose 
a loss of only 25 per c-ent. in the leads, at full lo:ul, be allowe!l. 
If a direct current motor be used, there will be, besidea other dif
ficulties, considerable variation in the speed of the motor-even 
if the current is supplied from ·a series dynamo-so m uch so that 
the motor may not be well adapted for many purposes, for 
instance, in cases where direct current transformation is contem
plated with the object of running ligh ts or other devices at con
stant potential. It is true that the condition may be bettered by 
employing proper r egulating devices, but these 'vi11 only further 
complicate the already complex system, nnd in all probability 
fail to secure such perfection ·as will be desired. In using an 
ordinary singl&circuit alternate current motor the disadvantage 
is that the motor has no starting tprque and that, for equal weight, 
ita output and efficiency are more or leas below that 

of a direct current motor. If, on tile oontrary, the arma
ture of any alternator or direct current machine-large, low
speed, two-polu machin.-s will give the best results-is wound 
with two circuits, n motor is ntonceobtaincd which poss~s>~es suf
ficient torque to start under considerable load; it runs in a bsolut(! 
synchronism with the generator-an advantage much desired and 
hardly ever to be attained with regulating devices; it takes cur
rent in proportion to the load, and its plant efficiency . within a 
few per cent. is equal to that of a direct current motor of the 
same size. I t will be able, however, to perform more work than 
a dlrectcurrentmotorof the same size, first, because there will be no 
change of sreed, even if the load be doubled or tripled, within 
the limits o available generator power; and. second, because it 
can be run at a higher electromotive force, the commutator and 
the complication and difficulties :it invoh·es in the construction 
and operation of the generatora and motors being elimioatcd (rom 
tile system. Such iL ayst<>m will, of course, require three lends, 
but since the plant efficiency is practically equal to t hat of the 
direct current system, i.t will require the same amount of copper 
which would be required in ·the latter system, and the d~ad\'an
tage of the third lead w ill be comparatively small, i f any. for 
three lea-ds of smaller size may perhaps be more convenient to 
place than two larger leads. When more machines hBve to be 
u~ed thero may be no disadvantag-e what('lver ronn~cted with the 
thiril wire~ howeTer, since the simplicit y of the gent>rators and 
motors allows the use of higher electromoth·e forces, tl1e co>~t of 
tho lends may be reduced below the figure practicable with the 
direct current system. 

Considering all t he practical advantages otrered by Buchan al· 
ternating system, I am of nn opinion qu ite contrary to that of the 
author of the article in bulttslries, and think that it can t)uite 
successfully stand the comfletition of any direct current s)·stt!m, 
and thi9 t he more, tho larger the m:Whines built anJ the 
greater the distances. 

Another· case frequently occurring in prRctice ls the transmis
sion of small powers in numerous isolated places, such as mines, 
etc. In many of these cases simplicity and reliabilit.v of tho 
apparatus a re the principal objects. I bclit>ve that in many 
places of this kind my motor has so far provl.'d a t>erfect succes:;. 
In such cases a type of motor is used p ossessing hrrent starting 
torque, requ iring for its operation only alternating cu rrent :11111 
having no sliding contacts whatever on the armature, t hi~ a(lvan
tnge over other types of n1otors being highly valued in such 
places. The plant efficiency of this form of motor is, in the pr,•seut 
state of perfection, inferior to that of the former form, hut I am 
confident that impro'l'ements will be made in that direction. Be
sides, plant efficiency is in these cases o f secondary importance, 
and in cases of transmission at considerable distances, it is no 
drawback, sinco the electromotive force may be raised M high as 
practicable on con>crtcrs. I can not lay enough stress on this ad
vantageous feature of my motors, and should think t.hat it 
ought to be fully appreciated by engineers, for to high electromotive 
forc<'s we are surely corning, and if they must be used, then we 
fittest apparatus will be employed. I believe that iu the trans· 
mission or power with such comwutatorless machines, Hl,OOO 'l"nlts, 
and even more, may be used, and I ·would be glad to see Mr. Fer. 
ranti's enterprise succeed. llis work is in the right dil·ection. and. 
in my opinion, it will be of great value for the ad'\"aucement of 
the art. 

· As regards the supply of power from large central stations in 
cities or centres of manufacture, the above arguments are appli
cable, a.nd I see no reason w hy the thre&-wire motor system 
should not be successful. · In putting up such n stntion, tho third 
wire would be but a very slight drawback, nnd the ~ystem 
possesses enough advantages to over-balauce this and any other 
disadvantage. I3ut this question will be settled in the lfuturt', for 
as yet comparatively little has been done in that direction, e"en 
w itll the direct current system. The plant efficiency of t>uth a 
three-wire system \'I"Ould be increased by using, in connection with 
the ordinary type of m y motor, other types which act mor·e like 
inert resista nces. The plant efficiency of the whole system would, 
in all cases, be greater than that ot each individual motor-if like 
Dlotors a re used- owing to the fact that I hey would possess tlitfer· 
ent self-induction, according to the load. · 

The supply of power from lighting mains is, I believe, in the 
opinion of most engineers, limited to com paratively small powel'l', 
for obvious reasons. Its th e present systems are built on t hE' two
wire plan, an efficient two-wire motor without commutator is 
required for this purpose, and also for traction purposes. A large 
number of these motors, embodying new principles, have b~en 
devised by me and arc being constantly perfected. On lighting 

· stations, however, my tlu·ee-wire system may bo advantageously 
carried out. A third wire may be run for motor11 and t]l('l oltl con
nections left undisturbed. The armatures of the generator~ may, 
be rewound, whereby the output of tho machines will be incrcns('d · 
about 35 per cent., or even: more in mach ines with ca!.t iron lidd 
magnets. !Mho machines are worked at the same capacity, this 
means an increased efficiency. If power is available at the station, 
the gain in curr~At ruay be used in motors. Tho~~ w~10 object to 
the third wire, may remember t.hat the old two-w1re du·ect ~System 
is almost entirely super tledled by the three-wire system, yet my 
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three-wire system otTers to· tho alternating system relatively 
J;reater advanta;:res, than the t hroe·wiro direct po98e8ses over the 
two-,ire. Perhaps, if the writer in Industries would have taken 
all this in consideration, he 'vould have boon les9 hasty in his 
conclusions. NI.KOLA. TZSLA.. 

Nnr Ycnut, Sept. 17. am. 

REPORTS OF COMPANIES. 

WESTINGHOUSE AND PULL¥AN INTERESTS. 

With re~:"ar<l to various r eports current on the subject, it now 
trnnspit'H thnt nrtalll!'l!ft\l'nts hnvc been ronde hetween George 
Wcstmghouse, Jr., of Pittsbur~h. · and George ?rl . Pullman, of 
Chicago, by which the Westinghouse Electric Mfg. Company will 
erect works conveniently clo-10 10 tho Pulllllan Palace Car Works, 
at Pullman. Ill., nnd thtl ngreemcnt rcnched, it is under11to·od, is 
that the Pullman company will (>Urchat~o nil of their electric 
1·ailway motors from the \Vt-Htin;..rhouso concern. The works to be 
erected are to cost between $4()0,000 and $500,000, and Mr. West
iu~houae says 2000 men will be e mployed at the new shops. 
Work on the structur es will pmbnbly l>t•gin next spring. That the 
immense works of Pullman's Palace C:lr Company and the big 
plant of the Westinghouse Company, at Pittsbu1·gh, are to be 
consolidated l>oth Ueasra. Pullmnn nml Wtlstinghouse <leny. Mr. 
\Vestioghouse further B:lya that the erection of works at Pullman. 
•loes not mean that the J>ittt~burgh busines'3 Of the company i' to 
be removed to Chicngo. It will be ntcrely an extension of . their 
huainen. The work~ nt N~wark, N. J., Pittsburgh, New York 
City, etc., will also be continued ns before. 

DIVIDENDS. 

TuB EDISON GENEHAL ELECTRIC Co. has declared its fourth 
quart~rly dividcntl of 2 per cent. 

STOCKS AND BONDS. 

RoYAL ELECTRIC Co.-Application will be made to the Legis
lature of the Province of ~uebe<; to change the value of the 
~haretl of the Royal Electric Co. from IA'n to one hundred dollars 
each. 

FINANCIAL MARKET. 

QUOTATIONS ON ELECTRICAL STOCKS. 

Mr. F. Z. lfaguirt>, Electrical Securitic.« oC 18 Wall street, this 
city, reports tho fol lowing <JUOtations of Septem ber lOth from 
New York, Boston and 'Washmgtou :-

W. U.Tel. Co ............. . 
Atucricnn Tolo. & Cable .•. 
Cent I.£ t;o. 4nu:r ..... . .. . 
~lt.·.s.iCAn . . . .. . ..... . . . . ... 
Co111. L~l>lu Co . ....... . . . 
l'~tal 'l't•l. Cable ......... . 

NEW YORK. 

DIU. 

IHI 
l(j 

t!ii 
:AAi 
I Oil 
a!.f 

E<ll,;ou Ocn. Elec. Co .... . 
l!:dl<ou Gtm. Co. De r ·d .... . 
\.'uii><U.'\1 ~:Icc. Lt. C...., .. .. 
l·:oli>«>u llln'~; Cu.~. Y •••. 
U. S. t.:lt!C. Lt. Co... . . . . . . 
~•trlb Am. P bouograph ... 

DID. 

:l9 

(j() 

·ss· 
50 

==========~--==~~.~================ 

TllolllliOn-U ouston ........ . 
" l~rel'd . .. . 
'• Scricll c .... . 

•• IJ .... . 
lot. Co .... . 

Tho•n"oo Wehllug Co ..... . 
'ftlon~nEu. Wcl<llag . .. ~. 

l'runR. Telephone ...••..•. 
t'h.-N. ,t l'ot. Telephone ...•• 
Am1·r Oraphopbooe,., .... 

- -

BOSTON. 

UID. 

61t 
2~1 
I:.! 
0 

Ft. Wnyno Co ....... .. .... . 
Am. Dell ..... ............. . 
Ertc .................... . .. 
~""'· Eu~;land ............ . 
l ! .:XlCtLII . . ... ;•••• ....... ••••• 
1 "''I'· AlnCI'IC4D.. . . .. • • .. 
Etli~ou l'hou 'gpll Doll.: ... 

W A SHINGTON. 

Ill Do 

25 U.S. Elec. Lt. (Wash) ..... 
71 t.:ck. .t: Sold. Home 
I G) Elcc. lly ....... . ......... 

- .. 
PITTSBURGH. 

WesUnghoWIO Eleet.rlc aud MClnutacturlog Co ... ., ... . ..... ..... .. 

DID. 

1 ll 
221'>+ 
48t 
51. 
.oo c~ 

2. 

BlD. 

170 

08 

BID. 

37t 

LEGAL NOTES. 

BRUSH ELECTRIC CO. vs; SPRAGUE ELEC. R 'Y a MOTOR CO. 

Tho Drush Electric Co. bas brought an action in the U. S. cir
cuit court against the Sprague Electric Railway and :Motor Co. of 
Now York, to ret~train them from selling or using a eertain dyna
mo electric machine on the ground of infringement. Tbo com. 
plainants set forth in th~ir bill that C. F. Brush was the original 
and first inventor Of a nO\V and Useful 'improvement in dynamo 
electric machines, which was secured by letters ·patent. About 
Jan. 1 1887, Mr. Brush as!ligned aU his right, title and interest in 
enid ~achincs to complainants in this· action, such assignment 
being duly recorded in the U. S. patent office: 

The suit in question is bneed on the.patent issued to Charles F. 
Brush, No. 2GO,G52, dated J uly 4th, 1882, entitled Dynamo· 
Electric .Machine. The claims cover the application of a copper 
s leeve surrounding the tlold magnets of a dynamo·electric 
machine, whereby the insulation of the ·magnets is preserved 
from· tho hi~h potential of llelf·induction created by fluctuations 
in the excitmg current. The device is. no lon~;t'r used on the 
stroot car motors of the d~fE'nda.uts, who: now cluim that its em
ployment makes the mn).(n~ts sluggish and causes burning out of 
the armature by retarding the generation ol counter-electromotive 
force in it. 

A PRIZE .SCHEME OF LIGHTING. 

Mr. F. II. Whipple has been awarded a prize of $ 1M at Daven
port, Ia., for the best plan of lighting thar:·cit.v. Mr. V~hipple, 
with native ruo<lesty, wl'ites us from St. Louis that there wa.e 
nothing special about th~ pla.ns. o.ting to tho many hills and 
hollows iu tho town, it was difficult to li~ht it economically. 
"There wa.s nothing technical about it; but 1t was more the use 
of common sense in the location of lights.'.'. 

TELEGRAPHY DURING THE COMMUNE. 

One of the first things to be done after the recent disastrous 
fire at tho New York offices of the Western Uni6'n Company was 
to re·estaulish the identity of each of the maze of wires running 
into the premises. Experienced electricians bein~ on the spot. 
the task was not a very difficult onE', and in a single day 800 cir
cuits were restored. 'l'he ease with which this work was carried 
out at New York recalls to our mind, says ui Lumi~re Electriqlle, 
a very instructive historic i'hci<lent which occurrerl during tho 
Commune. When tho Republican Government quitted Paris, the 
operators at the central office in the Rue Gronelle managed to 
n1ix up all the wires before leaving. The Communists 'vore so 
ignorant of everything connected with telegraphy, .that it was 
beyond their powers to unravel the wires; and during the whole 
time that they were in poe.~ession of the building. namely, from 
the end of March to tho end of May, they were only · able to use 
the military lines. M. Fabre do Lagrange, who. was fqrced to 
accept the appointment of chief electrician to the Commune, 
took good care to keep tho wire~ in confusion; and · among other 
services to the Stnte, he sent misleading telegrams, anJ thus 
saved many public and private buildings ~hicb tbe rebels wished 
to blow up by using an explosive mixture of ajr and coal·gM. 
These !acts were clearly authP.nticatcd by 'the court-martial which 
t ried M. L'\grange, and be was honorably aquitted. 

• THE TROUVE ELECTRIC ERYGMATOSCOPE. 

At a · rer.ont meeting of the Academic des Sciences, 111. G. 
Trouve dt>scribed nn electrical appliance devised by him to Cacili·· 
tate tho inspcct.ion of the geological strata pierced by the boring 
tool. The apparatus cousists of a pow~rful incamlescent lamp 
eocloeetl in a cylinder. One of the hemicylindrical surfacelj of 
this cylinder constitutes the reflector; whilst the other , which is 
of thick glas3, allows the lumirfontt rays to p~, through it, and 
light up. tbe s Jccossivo strata through which the lam!) descends. 
At tho bi\Be of the instrument there is an elliptical mirror, while 
tbe top is open, so aa to enable an observer. placed at the head of 
the boring and armed with suitable glasses to see on tho mirror 
tbe reflected image of the stratum illuminat-ed by the lamp, which 
is arranged so that its upward rays are interc~pted. The wholo 
appnrntus ie suspended from a cable formed by the two CC?mluct. 
ing wires. This cable is wound on a. drum, the trunmoos of 
which are insulated from one another and connected to the leads, 
current being obtained by two rubbing contacts attached to the 
poles of a portable battery.· This arrangement enables t he instru· 
mont to be raised and lowered withOut difficulty and without in· 
terrupting tho observations. ·The erygmatoacope as at present 
arranged gives excellent results down to a depth of ovor 600 foot, 
and with a. more powerful lamp it could be used at still greater 
depths. · An expedition which has . been sent out .. ~ tho 11lo?.am· 
bique coast by the Portuguese government, to· search for coo.! 
bed8 and other ;uinllral depositlt, has bee~ supplied ·,vith eryg· 
IJia~pee • . 



13 

.THE EL ECTRtaA.t;. ENGINEE·R. 

E,X.PE.IU.idN.TS WlTH. ALTaaNATING CURRSNTS. 
OF HI.GH F.REQUEN~Y. 

IN :THJt ELltCTRICAL ·E!fGtN:sin issu~ of ll th inst.., I find 
a note- of Prof." Elihu Thomson relating to some of my ex
pei"imen.t!!'Wit.h t\lter'nating curreots of very high frequency. 

Pr(\{; ThomBOn caUl! the ,attention of your readers to the 
interestin.E; fact. that. he has P.erformed some experime~ts in 
the s·ame Iif\e. I was not qu1te unprepared to hear th1s, as 
a Iette•r- from him has appeared 'in the Electrician a few 
months ago, ~n ·which he. mentions a small alternate current 
machine whi<:h waa capable ~f giving, I believe, 6,000 al
ternations per second, from which lett~r it likewise appears 
that his inv.estig~ti~ns on that s11bj~ct arc of a mare recent 
date. 

Prof. Thomson describes an experiment with a bulb· en· 
closing a .c:u:bon filament which was brought to incandes
cepce by tqe boijJ bardment of the molecules of the resid.ual 
gas whtm the .bulb was immersed in water. "rendered 
slightly conducting by salt dissolved therein," (?) and a. 
potential of 11000 volts alternating 6,000 time a second ap
plied to the carboo · strip. .Similar experime'nts have, of 
course, been perfor~ed by many experimenters, the. only 
distinctive ieat.ure in Pr~f. Thomson's experiment being 
the comparatively nigh ,rate of aiternation. Th(>se e.x:peri
ments. can also be performed with a steady difference of 
potential between the water and the r.arbon strip in which 
casP., .of course, conduction through the .glass takes place, 
the difference of potElntial required being in proportion to 
the thit:knet'!3 of. the ~lass. . With 5,000 allernations per 
second, conduction st1ll takes place, but the condenser effect 
is preponderating. It goes, of course, without saying that 
the heal.ing of the glass in such .a case is principally due to 
the born barrlnient. of the . moleculeR, partly also to leakage 
or conduct.ion, but it i~ an undeniable fact that the glass 
may_.also be heated merely by the molecular di11placcment. 
'l'he mteresting feature in my experiments was that a lamp 
would light up when brought near to an iuduction coil, 
and 'that it could be held in the band and the tilament 
brpught tP. !Jl~nde~;cence. 

Expe:rim~nts of.tbe.kinli described I have followed up 
for a long time with some pt:actical objects in view. In 
connection with tb·e experiment descrit,ed by Prof. Thom
son, it· may be of interest to mention a very pretty phe
nomenon which may be observed with an incandt-scent 
lamp If a lamp be.i.mm.ersed.in w.ater as far as practica
ble and the filament and the vessel connected to the termi
nals of an induction co.il pper.atcd from a machine such as 
I have u'sed in m)· experiments, one may see the dull red 
filament tmrround~d by a very luminous globe around 
whicb. there is a less luminous space. The effect is prob
ah!y dqe ~ reflectiqn, as. the globe is sharply defined, but 
may .a~sq be due to a H dark spa·ce;" at any rate it is so 
pretty that it. must be seen to be appreciated. 

Prof, Thomson b;1s misunderstood my statement about 
the limit o! audition. I was perfectly well aware of the 
fact that opinions differ widely on this point. Nor was I 
surprised, to find that arcs of· ~bout 10,000 impulses per sec
ond,e~it a so~nd. My statement'' the curious point is," etc. 
was only made in det'erence to an opinion expt·essed by Sir 
William Thomson. There was absolutely no stress laid on 
ibe precise number. The popular belief was that some
th~g . like lO,OtJO to 20,000 per second, ot· 20,000 to •o,ooo,. 
at. the utmost was the limit. Fot· my argument this was 
i~material. I contended that sounds of an incomparably 
greater num1>er, tbat is, many times even the highest num
ber, could· be heard if they could be produced wJth suffi
cient.. power.- My-statement was only speculati~e, hut I 
b:v.e de~ised Qlea:n.e which I. think may alloW' me to .. learn 

something definite on that point. ·I have n~~ the. leas.t· 
doubt that it is simply a question of power, .A very short 
arc may be silent with 10,000 per second, but' just as soon 
as it is lengthened it begins to emit a sound. The vibrations 
are the same in number, but more powerful. · 

Prof. Thomson states that I am· taking a.s the limit of 
"audition sounds from ~.ooo tQ 10,000 complete waves per 
second." There is nothing in my statements from which 
the above could be infen·ed, but Prof. Thomson has per
haps not thought that there are two sound vibrations for 
each complete current wave, the formel" being independent 
of the direction of the current. 

I am glad to learn that Prof. 1fl:omson agrees with me as 
to the canses of the persistence 9f the arc. Theoretical 
considerations considerable time since have led me to the 
belief that arcs . produced by currents 'of such high fre· 
quency would possess this and other desirable features. 
One of my objects in this direction has been to produce a 

·practicable small arc. With these. currents, for many 
reasons, mttch smaller arcil ate practicable. · 

The interpretation by Prof •. Thomson o·f u ·y statements 
about the arc sytstem leads me now, he will pardon me for 
saying so, to believe that what is mo~t essential to the ~:uo
cess of. an arc !I)'Btem is a good management. Neverthe· 
less I feel confident of the correctness of the views ex· 
pressed. Tbe conditions in practic~ are so manifold that 
it is impossible for any type of machine to prove best in all 
the different conditions. 

In one case, where the circuit is many miles .long, it is 
desirable to employ the most efficient machine with the 
least internal re~istance ; in another case sucb a machine 
would not be the best to employ. It will certainly be ad· 
mitted that a machine oC any type must have a greater 
resistance if int·ended to operate arc lights than if it i11 de· 
signed to supply incandescent lamps in series. When arc 
lights are Ot.'erated and the resistance is small, the lamps 
are unsteady, unless a typ!l of lamp is l'mployed in which 
the carbons are separated by a mechanism which has no 
further influence upon the· feed, the f•eeding being effected 
by an independent mechanism; but e\·en in this case the 
resistance must be considerably greater . to allow a quitJt 
working o( the lamps. Now, if tbc machine be such ali to 
yield a steady current., there is no w:'y of atta~ning the de· 
sired result except by putting the required resistance 11omc. 
where either im:tide or out11ide of the machine. T 'be latter 
is hardly practicaule, for the customer may st~nd a bot 
machine, but he looks with suspicion upon a hot resistance 
box . . A good autuma.tic regulator of course 1mprovcs the 
machine and allows us to redttce the internal resistance to 
some extent, but not as far as would be dl'sirablc. · Now, 
since resistance is loss, we can advantageously replace re· 
sistance in the machine by an equivalent impe!-fence. But. 
to produce a great imped!!nce with e;mall ohruic resistance, 
it is nece!lt~arv to have sdf-induction and variation of · cur· 
rent, and the g1·eater thl'self.induction and the rate of chan~e 
of the cun·ent, the greatur the impedence may be ma<1e, 
while the ohmic resistance may be very small. It may 
also be remarked that the impedeoce of the circuit ell:· 
ternal to the machine is likewise increased. As regards 
the increase in ohmic resistanctl in consequence of .the 
variation of the current, the same is, in the commercial 
machines now in uee, very small. Clearly then a great ad· 
vantage is gained by llroviJing self induction in the ma· 
chine circuit and unuulating the current, for it is posllible 
to replace 1\ machine which bas a resistan~e of, say, 16 ohms 
by one which has no more than 2 or 3 ohms, and the light11 
will work even steadier. It seems to me therefore, that my 
saying that self-induction is esttential to the commercial 
success of an arc system is justified. What is still more 
important, such a machine will cost considerably less. But 
to realize. fully. the benefits, it is preferable to employ an 
alternate current machine, as in this CllSe a greater ratt:l of 
change in the current is obtainable. Just what the ratio 
of resistance to impedence is in the Brush and Thomson 



14 

March lS, l8.9~J T J-IE · E L-E~TRIC·AL E·N GJ NE £ R. SS'l· 

machines ie.nowher~ sta.te<l1 bu~ I think ~hat i.t is 13maller 
in .. tlte. B'rush rnaohin~,' judging 'from if.s construction. 

A,s regardl3 th~ · .better . ~orking <?f clutch -lamps. with 
undulating currents, there ts, accordmg to my exper1ence, 
not the )~aRt. doubt about it. r· have proved it on a 
variety of JBmp!l t9 t~e complet~ satisfaction not only of 
myself,. b11t _of .matly otliers. To see th~ .irnproye!Dent _in 
the feed doe to ,the jar .of the clutch at 1ts best 1t 1s deslr
ahle t.o em,Ploy ·.a · larnp in which an independent clutch 
mechanisq1 effects. the feed, and the release of th~ rod ie 
independent of the up and down movement, In such a 
lamp the e<lutch has a sm.all inertia and is very sensitive to 
v~bration, whereas, if the feed is effected by the up and 
down mov~ment of the lever ca.rrying the rod, the inertia. 
of the I!YI!te!ll is so great that .it is not affected as much by 
vibration, es_pecially if, a& in' IJ?.any cases1 a dash pot is 
employed. During the year 1885 I pc~fected sue~ a lamp 
which wat\ ,calqulated to be operated w1th un~ulaung cur
rents. . With. about 1,500 to 1,600 current 1m pulses per 
tn~nute ,the feed o( thit1 lamp is such that absolutely no 
movement of the rod can be observed, even if the arc be 
magnified fifty-fold by means of a lens; whereas, if a 
steady current is employed, the lamp feeds by small steps. 
I have however, d emonstrated this feature on other types 
of lam'ps,· among them being a derived circuit lamp such 
as Prof. Thomson refers to. I conceived the idea of such 
a lamp e;1rly in 188•, and when my first company was 
started, this was the first lamp I perfected. I t was not 
until the Ja~p was ready for ma1~ufacturc that, on receiT
ing copies of applications from the Paten.t Office, I learned 
for the first time, not having had any knowledge of the 
state of the art in America, that l'>rof. 'l'hornson had 
anticipated me and had obtained many patents on this 
principle, which, of course, g rt!atly disappointed antl 
embarr~esed me at that time. I obt~erved the improvement 
of the feed with undulating currents on that lamp, but. I 
recognized the advantage of providing a light anti inde
pendent clutch unhampered in its movements. Circum
stances did not allow me to carry vut at t hat time some 
designs of machines 1 had in mind, and with _the existing 
machines the lamp has worked at a great disadvantage. 
I cannot agree with Prof. Thomson that small vibrations 
would benefit a clockwork.lamp at1 much as a clutch lamp; 
in fact, I think that they .do not at all benefit a clockwork 
lamp. · 

It would · be interesting to learn the opm10n of Mr. 
Charles F. Brush on the11e points. 

Prof. Thomson states that he has run with perfect suc
cess clutch lampe " in circuit with coils of such large self
induc tion that any but vary slight fluctuations were wiped 
out." Surely Prof. 'l'homson do~s not mean to say that self
induction wiped out the periodical fluctuations of the cur· 
rent. For this, jpst the opposite quality, namely, capacity, is 
required. 'fhe self-induction of tho coils in this case 
simply augmented the impedance and prevented the g reat 
variations. occurring at large t ime intervals, which take 
place when the resistance in circuit with the lamps is too 
small, or even with larger resistance in circuit when the 
dash pots either in the lamps or elsewl..t~re are too.loo~e •. 

Prof, Thomson further states that m a 'l:l.mp m whtch 
the feed mechanism is under the. control of the de
rived Circuit magnet only, the fluctuati<?ns pass through 
the arc without :lffecting the magnet to a perceptible 
degree. It is true that the variations of tho re8istance of 
the arc, in consequence of the variations in the current 
strength·,· are such as to dampen the fluctua.~ion. ~cver
theless, the periodical fluctuations are transmttted through 
the derived circuit, as one may convi.nce himself easily of, by 
holding a thin plate of iron againt1t the magnet. 

In regard :to . the physiological effects of the· currents I 
may state that upon reading the memorable lecture of Sir 
William 'l'homsoQ, in. which he advanced his views on the 
prqpagation .of t~e alt.ern~te currents through. conductors, 
1t inatant'J occurred to me t.hat our:rents of -h1gh frequen
_.; .... -nni h A 1Aaa 1ninrionfl. I have been lookina for a 

prQQf that the mode of di~tributio{l through t.he body is 
the cause of the smaller physiological effects. At times I 
have t~ou~ht to hav9 been able to locate the pain in the 
out~r porttons of the uouy, but it is very uncertain. It ill 
most certain, however, that the feeling with currents of 
very high frequencies is somewhat differEmr. from that 
with .low frequencies. I have also noted tho enormous 
importance or one being pr~par~l,i lor the shock o r not. I£ 
one is prepared, the effect upon the· nerves is not nearly 
as g reat as \Vhen unprepared. With alternations as high 

. as 10,000 per second and upwards, one feels but little pain 
in the central portion of the body. A remarkable feature 
of su~h currents of high tension is that one receh:es a 
bum mstantly he touches the wire, but beyond that the 
pain is hardly noticea-ble. 

But since the potential difference across tQp body by a 
given current through it · is very small, the effects can not 
be very well ascribed to the srtrface distribution of the 
current, and the excessively low resistance of the hoJy to 
sue~ rapidly varying currents speak rather for a condenRer 
act1on. 

In regat·d to the suggestion of Dr. Tatnm, which Prof. 
Thomson mentions in another article in tho same issue I 
would st&te that I ba've constru,etcd machines up to 4'so 
poles, from which it is possible to obtain about 30 000 
alternations per second, and perhaps more. I have ~lso 
designed types of m:lchinee in which the field would 
rev~lve in an . opposite directio.n to the armatnre, by 
whtoh m£>ans 1t would be poss1ble to obtain from a 
similar machine 00,000 alternations }Jer second or more. 

I highly value the appreciation of Prof. ·Thoml'on of 
my work, but I must confess that in his conclusion he 
makes a most aswnnding statement. as to the motives oo 
his critical remarks. I have nevor for a moment thought 
th.at h is re~arks would be dictated by_ any~hing but 
fr1endly mottves. Often we arc forced m datly life to 
represent oppo11ing in terests or opinions, but surely in 
the higher 'aims the feelings of fricnd:~hip and mutual 
coriside1·ation t~hould not. be affected by such things as these. 

WRIGHT AND WILSON'S INDUCTION PREVENTER 
FOR TELEPHONES. 

TnK accompanying illustration repre!'.ents a d·evice for 
which the inventors, Mt:!lst·s. Thomas F. Wright and Ed. 
G. Wilson, of Chicago, claim prevents the disturbing 

WmonT :AND ''VILSON's I NDUCTION PREVEr-'TEn. 

effects of induction. The device is intended for attach
ment to the ordinat·y receivers now in use, and consists ol 
a casing of sheet mctnl, having the external appearance o' 
a small cup which fits snugly within the concavity in tht 
end of the receiver, the interior being concaved around tht 
edges of the Cltp and provided with a central projectint 
dome intended to fit against and within the ear. 

The two walls of the casing arc provided with centr1 
perf?r&Lio~s c ·n, b(\twccn which a passage is formed b: 
the · 1011ertton of B tube E composed of a coil of small stet 
wire. Surrounding this tube, but enclosed within tb 
casing, is a spool F, gr·ooved · exter nally, as shown, aor 
wound with a coil of fine copper wire, one end of which i 
driven into the spool, while the free end terminates imm1 
diately in front of, bnt out of contact with, the <liaphragr 
o( the tclephone-reccivet·. 

'l'his induction-preventing· device is ·attached to the 11 
ceiver by the sprmg hook attached to the casing whit 
enl!aaes the usual flanae upon the end of the receiver. 
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ALTERNATE CURRENT MOTORS 

Sir - In your issue of March 6 I find the passage : "Mr. Kapp described the pos
ition as it exists . He showed how Ferraris first of all pointed out the right way 
to get an alternating-current motor that was self-starting, and how Tesla and others 
had worked in the direction indicated by Ferraris," etc. 

r would be very glad to learn how Mr . Kapp succeeded in showing this . I may call 
his attention to the fact that the date of filing of my American patent anticipates 
the publication of the results of Prof. Ferraris in Italy by something like six 
months . The date of filing of my appl ication is, therefore, the first public record 
of the invention . Cons idering this fact , it seems to me that it would be desireable 
that Mr. Kapp should modify his statement. - Yours, etc. 
NI KOLA TESLA 
Ne~1 York , 17th March , 1891 . 



16 

Electrical Review - London 
April 3, 1891, p. 446. 

CORRgSPONDENCE. 

J:lcr.tro·moton. 

Jo'j(tecn or sixteen YCJll'll ll:to, Wltl!n ( WILK punming' TTIJ 
conr.~e ut the collegn, 1 wa.'\ LCIId by 1111 er11inr:nt. r,hysici"t. that 
n mutor conlrl not he opt:ratcd without t.lw usc or bmshr.'!4 anri 
commutatol"'8, or mechnnir.:ul tncanK o( tst1111e kiurl (or r;t,m· 
mutating the current. It wM then I rletcrmim:d.to solve the 
problem. . 

Arter ye:\1'8 o( perni~t.cnt. thou~ht J fi nail y arri vcrl lil n 
solution. I worked out the theory to tl1e laKt dct:!il, and 
confirmed nil of my theoretical conduKion~ by expr:rirnr:nt~. 
Rccogni~iu9 the value of the invention, lBJIJ,Iie(l myw:lr to 
the work or perfecting it. and after lr>11g continued Ia l,t"Jllr I 
produced Mevcral types of pra(:tical motorn. 

Xow nil this I did loo~ before anythin~; w!.n~\'l:r trnn!'.
·pircd in the whole scicntifio literature-a.<~ far all it. could l.oe 
nsccttaincd-which would ha,·e cvco pointcrl at the fi'JS.~ i
bility of obtaining such a rCRult, hut quite enntrary at a tirne 
when ~~eientific and practical men alike <:onsidcrc•l thi11 n.-~ult. 
unattainable. In all civili~:d enuntrit:1\ patent.'\ ha\'e l.<:t:n 
obt.aincd almo.<~t without n Ming-le rcfcrcnr..c to ;wythinl.{ 
which would have in t.he least d<::.,rr<:C reruicred 'fUCsti()nahle 
the novelty of the invention. The first puhlish<:d t:S.""1f
nn nccount of some laboratory experiment.'\ by l'rof. Ferraris 
-wa11 published in Italy six or seven montbs after the date 
of filing of my applications for the foundation p:\ten!A. The 
da~ of filing of my patents i., thus the tirst puhlic n:t';ord r>f 
the invention. Yet in your is.~u~ of )[arcll 6th I rc:l.l.l the 
pas.<;age : "For se\·eral years past, from the da~·:J of Prof. 
l''erraris's investigations, which were follo1ved by th~ of 
Tc.<ila, Zipcrnowsky and a host of imitaton;," &:c. · 

No one can say that I have not lll..~n free in acknow· 
!edging the merit of Prof. Ferraris, and I hope that my 
statement of {acts will not. be misinterpreted. Even i{ 

. Prof. Ferraris's essay would hn\·e nnticipau.:d the date of 
.filing of my application, yet, in the opinion of all fair
minded men, I would have been entitled to the credit of 
having been the fin;t to produce a practical motcr; for Prof. 
I•'crraris himself denies in his c;say the value or the invcn· 
tion for the transmission of power, and only point.'\ out the 
possibility of using a propcrly-<:onstructcd generator, which 
is the only way of obtaining the required ditTcrence of pha.;;e · 
without losses; for even with COtHlcnscrs-by means of 
which it is possible t.o obtain a quart~r phase-there arc con· 
siderable lossc.<i, the cost of the condensers not con~idcrcd. 

Thus, in tha most essential fc!alur~ of the r.y!>l~m-the 
~enerntors with t.hc two or three circuits of differing phase, 
the three-wire system, the closed coil o.rmaturc, the motors 
with direct current in the field, &:c.-I would stand alone, 
even had Prof. Ferraris's essay bcco published many years 
ngo. 

As regards the mOSli prncticahlc form of two-wire motor, 
namely, one with n sing:le encrg-isint! circuit and inrlue«l 
circuits, of which there nrc now tbous:\IIUS in usc, I likewise 
stand alone. 

Most of these fact~, if not nil, nrc perfectly n·ell knol\'tl in 
England ; yet, according to some ~pcrs, one of the lc."'ding 
En!!lish electricians docs not hesitaw to say that [ ha,·c 
worked in the direction indicated by Prof. Ferrari~, llnd in 
your i.o;suc above referre.d to it sccms I nm calll.'<.i no 
imitator. 

Now, I nsk you where is thnt world-known Eni!lisb fair· 
ncas ? I am n pioneer, nnd I nm called nn imitnt.or. I am 
not nn imitator. I produce original work or none at nil. 

:Sikola Tt~Ja. 
New York, Jlnrch 17/h, lS!ll. 
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Letters lo the Editor~ 
PHENOMENA OF CURRENTS OF HIGH FREQUENCY. 

l <-nnnoL pass without comment the note of Prof. Thomson 
in JOur i~sue of April 1, although I dislike vt>ry much to engage 
in a prolonged t'Ontroversy. I would gladly let Prof. Thomson 
ha"e the last word, were it not that some of his statements render 
a ro!ply from me necessary. 

I did not n1t>an to imply that, w hatever work Prof. Thomson 
has done in alternating currents of very high Crequenc.v, he had 
done subBt'quent to his letter published in the Eltctricirm. I 
thought it possible, and even probable, that he hatl made his t>X· 
jJ('ritucnts some time be!ore. and. n1y statt'mt>nt in regard to this 
was nll'ant in this general way. It is more than probable 
that quite a number of expt>rimenters have built such machines 
and ohscrvctl t>fiects ~in1ilar to those dt>scribed by Prof. Thomson. 
lt is d oubtful, however, whether, in the absence of any publi· 
cation on this subject, the luminous phenomena dt>scr ibed by m~ 
have been observed by others, the more so, as very fow would be 
likely to go to the trouble I did, and I would myself not have 
clone so had I not had beforehand the firm conviction, gained 
from the study of the works of th& mo~t advanced thinkers, that 
I would obtain the rt>sults sou~tht for. Now, that I have indicated 
the dircction, many will probably follow, and for this \'ery pur
Jl06e I have shown some of the results I ha>e reached. 

PrOf. Thomeon states dt'cisively in r t>gard to experiments with 
the incandt>sccnt lamp bulb and the filament mounted on a single 
wire, that he cannot agree with me a tall that conduction through 
the glos~ hns anything to do with the phenomenon -observed. He 
tu!'ntions the well·known fact that an incandescent lamp acts ae 
a Leyot>n jar and .-ays that " if conduction throup;h the glase 
were a possibility this action could not occur." I think I may 
ronAtlcntly as11ert that ,·ery few electricians will share this view. 
For the possibility of the condenser effect taking place it is only 
necessary that the ra.te at which th<- charges ~;an equalize through 
the t:l.ttsl! by conduction should ue somewhat qelow the rate at 
which thny are stored. 

l'rof. Thomson st>ems to think that conduction through the 
~;lMS is an impossibility. Has he then never measured insulation 
resistance, and has he then not mcasut·ed it by means of a con
ducti,m current? Does he think that there is such a thing as a 
perfect non-conductor among the bodies we aro able to perceive :2 
Uocs he not think that ns r"gards conductivity there can be 
question only of dt>gree? If glass were a J~t>rftlCt non-conductor, 
ho\• could we ac..:ount for the leakage of a glae' condense1· when 
eubjectcd tQ stendy differences of potential? 

While not directly connec ted with the prcs('nt controversy, I 
would h('re point out that there exists a populnr error in regard 
tu the properties of dielectric bodie~. lliany .-Icctricians fre
ctucntly coufound the theoretical dielec tric of Maxwell with tho 
uielcctric hoclies in use. Thoy do not stop to think that the only 
pt>rfcct dielectric i.s tther, and that all other bodies, the oxistence 
of which if! lcnowll to us, must be conduc tors, judging from their 

· phy~ical propertifs. 
My ~tatement tbat conduction is concerned to some, although 

J'l('fh:lp:i negligible, extent in tho experiment above described was, 
howcvm, made not noly on account ot the fact that all bodit>s 
coucluct more or less, but principally 011 account of the heating 
of the ghtss during the experiment. Prof. Thomson seems to 
on•rlook the fact that the insulating power of glass diminishes 
enorwously with the increase in temperature, so much eo, that 
m~ltetl gi~'IS is comparatively an excellent con<1uctor. I have. 
moreover, stated in my firilt reply to Prof. Thomson in your issu& 
of March 1~, that the samo experiment can be performed b_r. 
mN\ns of an un,·arying difference of potential. In this case tt 
must ue ~tmmed thnt somo such procf'ss as confluction throu~h 
the gla:ss takes p ine(', and a ll the more as it is possible to show by 
t>xperim('nt, that with a sufficiently hlgh steady difference of 
potential, enough current can be passed through the glass of a. 
cundf'nser with mt>rcury coating to light up a Geissler tube joined 
in·scrics with the condepser. When the potential is alternatin~. 
the condenser action comes in o.tJd contluction becomes insignifi· 
C'aut, and . tbe more eo, the greater the rate of alternation or 
chaugo per unit of 1 ime. Nevertheless, in my opinion, concluc
lion tuust always ell:ist, esp('cially if tho glass is hot, though it 
mn~· bP ne~;ligible with very high frequencies. 

Prof. Thomson aU!.tes, further, that !rom his point of view I 
ha\'e misunderstood his statement about the limit of audition. 
He ~ays that 10,000 to 20,000 alternations correepond to o,OOO to 
10,000 ·;omplete waves of sound. l n my first reply to Prof. 
Thomson's remarks (in your issue of )\{arch 18,) I avoidC(t 
poiutin~ out directly that Prof. Thomson was miRtaken, but now I 
~e<' no way nut of h. Prof. Thomson will pardon me if I call his 
attculit>n to tbe fact he St>CDIB to disregard, namely, that IO,OOV 
tc>20.1l0{) alternations o f current in an arc-which was the suhject 
mu.ll!r tliscu£Rion-do not mean 5,000 to 10,000; but 10,000 to 
~11,(1(1() complt·te toavc3 of sou11d. 

Uc iju~-~~ thn.t I have adopted orsuggest!'d nR the l!mit of nnditif)n 

tO 000 waves per second, but I have neither adopted nor suggested 
tt.' Prof. Thomson states that I have been working with. tS,OOO to 
tO 000 complete waves, while I ·have nowhere made any such 
s~tement. He says that this would be working below the li~it 
of audition. and cites as an argument that at the Cen t ral Htgh 
School, in Philatlelphia, he bas .beard 20,000 waves per second ; 
but he wholly overlooks a point on which I have dwelt at some 
len~th, namely, that the limit of nudition of an arc is something 
ent1rely different from the limit of audition in general. · 

Prof. Thomson further states. in reply to some of. my views 
expressed in regard to the constant current machin~.tbat five or 
six yoars ago it occurred to him to try tb~ construc tton of a dyna· 
mo for constant current, in which "the armature coils were of a 
highly efficient type, that is, of comparatively short wire length 
Cor the voltage and moving in a dense magn~tic field:" J?ltteriorly 
to th(' coils and to tho field he had placed m the C1rcu1t of ~>.acll. 
coil an imp~<1ance coil which · c~nsisted of an iron ~re wou~d 
with a cons1derable length of wtre and connected d treotly m 
circuit with tho armature coil. He thus obtained, he tbouf>bt. 
"the property of conside rable self-induction along with effiCient 
current generation." Prof. Thomson says he expected •• that poe. 
sibly the effect.c; would be very much the tlame as those obtainable 
from the r egularly constructed apparatus." But he was disap· 
pointed, he adds. With all the ~n~ideration due to Prof. Thorn· 
son, I would say that, to expect a good result from such a combi· 
nation, wns rather sangui:ne. Earth is not farther f rom Heaven 
than this arrangement is from one, in which there would be a 
length of wire, sufficient to give the s:unA self·induction, wound 
on the armature and utilized to produce useful E. ~t. F., instead of 
doing just the opposite •. let alone the loss in th~ iron C<?res. But 
it is, of course, only fatr to remember that thts experament was 
performed fi v~ or six yea..rs ago, w.hen .even the foremost electrr. 
cians Jacked the nt>cessary mformat10n 10 these and other matters. 

Prof. Thomson seems to think that self·inducti?n wipes· out 
the p('riodical undulations of current. · Now 11elf·mductton doee 
not produce any Sl.JCh effect, bnt\ i~ anythi~g, ·it renders ~he un
dulation more pronounet>d. Tbts ts self· evident. Let u s tnsert a 
self-induction coil in a circuit traversed by an undulating current 
and see what happens. During the period of the greatest rate of 
change, when t.he current. baa a small value, the self-induction 
opposes more than during the time of the small rate of change 
when the current is nt, or near, its maximum va)ue. The conse· 
quence is, that with tho same frequency tb" maximum value of 
the current becomes t he greater, the greater the self-induction. 
As the eound in a telephone depends only on the maximum value, 
it is clear that self-induction is the very thing required in a tele· 
phone circuit. The larger the self-induotion, the lou der and 
clearer the speech, provided the same cu!rent is pa$sed. thro~gh 
the circuit. I hnv.e had ample opfortuntty to stody thts subJect 
during my telPpltone experit>nce o several years . · As regn.rd the 
fact that a self·induction co il in scries with a telephone diminishes 
the loudness of the sound, Prof. Thomson seems to overlook the 
fact that this t>ffect is wholly due to the impedance of the coil, 
i.e., to its property of dim!nis~~g the .. currmt st~t'!-- But 
while the current strength 1s dtmmished the undulat•on 1s rend
ered only more pronounce-d. Obviously. when comparlsono aro 
made they must be made with the same current: , · . 

In an arc wachint', such as that of Prof.·Thomson a, the effect IB 
different. There, one hn.s to deal with a make and break. There are 
then two induced currents, one in t he opposite, the other in the 
same direction with the main current. If the function of tho 
mechanism be the same whether a self-induction' coil be present 
or not, the undulations could not poesiJbly be wiped out. But 
P rof. Thotnson seems, likewise,. to forget that the effect is wholly 
due to the defect of the commutator;· namely, the induced cur· 
rent of the break, which is of the same direction \Vith the mnin 
current and of great intensity, when large !!elf-induction is pres
ent, simply bridgt's the adjacent _commutato~ aegm~nts, or, i_f n~t 
entirely so, at lenet shorten~ tho mtcrval dunng winch the ctrcu1t 
is open and thus reduce11 the undulntion. 

In regard to the improvement in the feeding of the lam~ .by 
vibrations or undulations, Prof. Thomson exprt>sses a. dectstv" 
opinion. He uow says that the vibrations mu.~t improve the feed. 
ing of a clock-work lamp. He says th~t I'.' contentt'd ~yself by 
simply sayin~." that I cnnnot agree w.1th ln m on that pomt. 

Now, :~arJutg it, i11 not the only thing I did. . I have p~cd 
mauy a night watching a lamp feed, and I leave tt to any sk1lled 
experimente r to inv('stig ate whetht>r my sta:tements ar~ corr~t. 
My opinion is, that a clock-work lamp; that 18, a lamp Jn wh1ch 
the descent of the carbon is regulated not by a clutch or friction 
mechanism, but by an escapement, · cannot•· fet'd· .a.ny more 
perfectly than tooth by .topth, which. may be a mov,..rnent of, 81\y, 
·n or an inch or le!'\s. Such a lamp will teed in nearly the s.~me 
manner whether the cun('nt be perfectly smooth or undulatin~t, 
providing tho condition11 of tho circuit are o therwise stable. If 
th<.>re is anv advantage, I think it would be in the use of a smooth 
current, for. with an undulating current, the lamp is.Jikt>ly to 
wiss 11ome time and feed by more thnn one tooth. But 1.n a lamp 
in 'vhioh · the dcsceot of the carbon is regulat('(]. by friction 
m echanism, au indnlating current of tbe proper numbeD of undu· 
lations pP.r srr.ond -willl\lways gi\'(1 a hettt>r remlt . . Ot COUJ11e, to 
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realize fully the benefits of the undulating current the releaso 
ought to be effected independently of the up-and-down movement 
I have pointed out before. 
· In r egard to the physiological effects, Prof. Thomson says, that. 
in such a comparativ~ly poor conductive material as animal tissue 
the distribution of.cnrrent cannot be governed by self·indnct.ion 
to any appreciable extent, but he does not considn the two-fold 
effect of the large cr088-section, pointed out by Sir William 
Thomson. Aa the resistance of the body to such currents is low, 
we must assume either condenser action or induction of cun·ents 
in the body, 

NIKOLA TESLA. 
N1tw Yoltl', April 4, 1801. 

literature. 
Th~ El~ltnt& of Dynamic Electricity and Magnetism: By Philip 

Atkmson. A. M., Ph. D. New York: D. Van Nostrand Co., 
1891. 15~8 inches; 405 pages. Price, t2. 

Wl1ile thero is no lack of books on the elements of electricity 
and magnetism, there has of late arisen a. demand for a class of 
works 'vhich shall be adapted not onlr to the learner who desires 
to continue hi~J ~~~udies with sp~ia reference to their future 
application in actual work, but also for that large class which has 
come to take a lively interest in electrical work, becau11o it hatJ 
beeu so forcibly brought to public attention during the last few 
rears. A book to intere6t these learners and general readers, 
therefore, must pn>~~ent the subjects in their plainest dress, and 
must con vey the fa.cts through the m edium of conclusive induc
tive reasoning rnther than by the aid of formulre. 1t is from this 
standpoint that the author has treated the subject matter con
tained in tl1e book, which forms ·a companion work to that 
previously pul.lliahed, entitled "Elements of Static Electricity." 
In tho present work the author has taken up the subject of dynamo 
electricity and magnetism, and very properly begins with defi
nitions and a descrip·tion of the voltaic battery. He describes the 
principal single and double fluid ceUs now in common use, and 
their method of operation. Two chapters on magnetism ahd 
electro· magnetism discuBS the wide range of these phenomena. The 
author leads up from the natural magnet to the mariner's and 
sur\'eyor's eomp~IJ and gives one of the most complete short ttX
poses of terrestrial magnetism that bn.s como under our obser
vation. He also discusses the form of magnets. and their polar 
attrac tion and repulsion. Passing on to electro-magnetism, we 
find a treatment of the laws governing the relation between cur
rE'nts carried in neighboring conduc to rs and the effects of currents 
upon mugnets and upon masses of iron. The author explainR 
very clearly the simple rules by which all these phenomena may 
hA remembered, and shows their application to the construction 
of the Rubmkorff coil, which is desc ribed very fully. 

Chapter VI is devoted to electric men~~urement. In it are 
descri bed the various electrical units employed in practical elec
tric:\! work, nnd this is followed by a description of the most gen
E-rally cmployPd testing instruments, nmon~ them the Thoruson 
galvanometE-r. tho ·wE-ston voltmeter, tho \ Virt voltmeter, the Cnr
de'v and othe rs. The dynamo and motor are then taken ur., and 
aftt-r a fe,v short introductory paragraphs on the history of t 1e dy
nnmo, the author at onco brings us to the types employed at tha 
pn•senL time and their construction. Tbissurn:y includes not only 
those of the well-known continuous cmTcnt machines, uut also the 
best k nown nlternatingcurrentdypamosand motors. Thermo-mag
netic m otors are also touched upon here. E.lectrolysis and e lttctric 
stora~;e form the subject matter ot the two Collowing chapt<'rs, 
introduced by the theory of Grotthus!l, which still seems to be the 
f;L\'Orite one for text book purposes, and perhaps justly so. The 
application of the laws of electrolysis to electric storage i!l also 
porntcd out, and t he construction of tho most recent types of 
S('Condary batteries is described and illustrated. The rE-lations of 
dectricity to heat form a chapter which will attract considerable 
interest as we find in it, besides the lll\VS governing the genera
tion of heat in couductol's, a simple statement of electro-thermic 
phenomE-na and a description of the latt!st forms of the Thomson 
welding machine, and the results which ha~e been obtained with 
it. Tho relation of electricity to light forms the subject matter of 
Chapter XI, in which the various J)heoomt-na of tho effects of 
light on eelenium are described, together with the magneto-optic 
polnrizatiou effects, nnd the various other photo-electric phenom
ena d isCQ\'ered by .Uecquerel1 K err and Qthere. Th e author then 
takes up the arc light and discu88es its nature, and th e most gen
eral types of lamps employed: This is followed by similar treat· 
m E>nt of the incandescent lamp

1 
in which connection the two and 

three wire ayet~ms of distribution aru dE-scribed. The telegraph 
and the telephone, to ea.ch of which a chapter is d~voted, end the 
volume. 

While we are not prepared to agree entirE-ly with all the views 
expressed by the author, e3poolally on points or theory, the 
presen t unsettled stato of the latter mi~ht be easily m!lde to 
account tor divergomceJ. If we may also b" allo1ved to suggest, 
we think that the work in further eJition~. which will undou~t
etlly be callej for, might be impuv.,d by a more rigiJ adherence 

to the classification of the snhjects trttated. The book h;1s the 
~doubted merit of g iving t ho latest information on the practical 
ndvnnces made, and does not burden the reader w ith n kong n1ul 
profitless review of what has been done during tho last fifty y <:'ar:;. 
Tho book is admirahly printed rmd illustrated, and t he autl10r Ita~ 
evidently availed himself of the latest and best sourc<'s of inform
ation. We trust that the publishers wi II find their entt•rpri~o 
fully rewarded. 

THE SWINBURNS TRA NSFORM ERS. 

In my letter appearing in your last issue au error was mndc in 
the statement beginning: "In tho commu uication from 1\tr. Swin
burne a few days after the publishing of my article, .Mr. ::;win
burne, etc." It should t'E'ad as follows: "In a communication 
received from MeBBrs. Swinburne & Co. a few days after the 
publishing of my article. etc., they stato that the leakas;-e curr4'nt 
tn t heir transformers of .40 l ights capacity ie about 40 per cvut.: 
allowing that this 40 per cent. i~ correct, the corrtparnth·e leakns;o 
current in the open and dosed typE's of transformers i!l :~ppn•x • · 
mately10 to 1.'' WM. !!TAI'U:Y, ,IJI. 

1'11'TSI"IKLD1 llfA81l. 

WHAT ARE THE LIMITS OF HIGH POTENTIAL 
TRANSMISSlON? 

IN another column we descr ibe thn test s which havo r~x·4'nth· 
been made to demonstrate tllopo~sihility of transnritting: t•lc•ctric;il 
energy between LaufJen and Frankfort, in which potential!! of 
over 30,000 volts were employed. These experiments ap1H·arecl to 
indicate the practical Rucct•ss of the system, but in a IE'It o•r apJlC.1 r· 
ing in the E ll'ktrotechnische Zeilllchrift, August Schnellf:'J'. uf The 
Hague, Holland, draws attttntion to certain points, which, lw 
claim$, have not been f~t lly cousidEtrccl. He writes as fo ll0\\'8: 
. " In our technical papers, the po\vttr transmission projE-c t f rom 
Lnutren to Frankfort, on tlae occasion of tho Frankfort E;ocllihi
tion, has been the frequent object of discussion of late. Al though 
in the carrying out of my expE-r iments in the preparation o r o~ortt•, 
1 hove already had considerable experience with altcrnatin~ cur
renta up to 24,000 volts potential, I ha,·e u p to now avoidl!rl. 1akiug 
part in this discussion. Since, however, this project ha~ hel'll 
eP.riou:dy taken up and spoken o r by his Excellency, Or. \'tm 
Stephan, I l1ave regnrcled it as ruy duty to testify to the C'II Ormcm~ 
difticulties of trausutitting power with 20,000 volts nl tcrnat i 11t; 
current, which mako its carrying out in practice im po!l,.iulc. Thu 
t ransmitted 300 h. p. may have at the primary tran11form<>r au.ooo 
volts and 6.2 amperes= 186,000 watts. To out.ain 30,000 ,·olt!l " ·'· 
transformation in commerc ially practicable apparatus, so as to he• 
safe, is indeed dilticult. but under certain construi'Lion llt•L 
impossible. 

"Tho chief difficulty in the transmission ot 30,000 \'(li t~ liC'S 
not, however, in the fourfold transformation and the lo:<~!l th.:n•l"· 
entailed, nor in the trnnl!formers themselves, but in the outsitlt! 
conductors. With 6.2 amperes, with a copper \Vire of :J 111111. di
ameter, and with 350 kilometres of '~ire the drop in pot<'ntial 
amounts to only 1,830 volts = G.l per cent.; but the othe r lossc·s 
which the conductors nrc subject to have been entir<.>ly ll•ft out of 
nccount up to the presant. For the o~<'rhead conductors tl'le
grnph poles are neC<'ssary, which ought not to be more than su 
metres apa1·t, so that a ltogether there will be S,GOO tel(·~raph pol<'~. 
and 7,000 oil irumlators. Ono insulator, even an oil insulator. Ita.'< 
an average resistance of 1,000 megohms when measureJ. w1th low 
potential battery current. For 7,000 insuJ!ltors thero 1nny then IJu 
a resist.1n<'C of 1{10,000 ohms; then there would be , at 30,0011 YOits, 
0. 2 ampere loss, which loss of 8.2 per cent., in such an ir11portant 
umlt>rtaking, may almost bo neglected. 

"Now, however, come~ the principal point: The ' chaq~in~ 
lot~s,' according to my mcasuren1ont.s, for an air dry insulat•)r a t 
15,000 volts, amount to 2.3 watt.'i; at 20,000 volts to 4. i watt~. 1.111d 
at 80,000 volts might reach about 15 watts. In the 7,0011 in~l<b
tors then, in dry weather, there would he-about 100,000 wattt~ Ius:>. 
The los~es in foggy or rainy weather are still le!tquite out of the cal
culation. IC we al!Bmue a distance b~tween the parallel conduc tor:! 
of one wotre, there resul ts, at 80,000 \'olts potential, a los~ oC O. J;j 
watt per melre by silent discharge ; hence, for 175 kil <~mctrc.Q. a 
loss of :lG,OOO watts. Allowing an efficiency o! :!J per cent. f,,r 
the primary and eecondary machines and 98 pE'r ceu t. for the 
tr>lnsforme rs at full load, the loss in the line 6.1 1wr cent .. the 
insulation loss 3.2 per cent., the • cbargiag loss' on the i nsulntor~ 
at 100,000 watts, and t\lo silent discharge in 175 kilomctrl!~ of 
pnrallel conductors at 26,000 watts, then we come to tho condu
sion that in dry weather, front the Lau!len plant of 901.) h . 1•- we 
will get in Frankfort about 87 h. p. 

'''!'here must be taken into accouOt still further, about (1 ,000 
square mctre.s of condensing surface of the conductord and in>~u · 
l>ltors. .1 have measured the sparking dis tance with 2(),001) vol t>~ 
alte rnatingcurrent at 100 reversals por second, without any conden· 
ser, and found it to be 46 mm.; and when a condenser of 15s(t. rum. 
surface was included, the eparking diBtaooo wa..~ more than 80 
rom. ; but how great the sparking distance is with O.O!lO StliH\r" 
m~tres o~ condensing surfa::e, go~s boyond my experil•ncc. Ou 
the b.lJij of thesJ truth~ i t is e.uily asen th:lt the whole pr••j..!.:i i.:; 
a technical impossibility." 
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The u Drehstrom" Fat~nt.. 

BY ~OLA TESLA. 

In the last issue of THE ELEcr~ICAL W onLD 1 find an 
article on my "Drehstrom .,. patent which appeared oligi
nal\y in Indmirits, and is, I believe, from the pen of the 
able editor of that .iourna,J. · Some ot ·Ole statements made 
are such 118 to cause an err,oneous opmion to gain ground, 
w.hich T deem it roy duty to prevent-a disagreeal..le one I 
may say, as I do not like to expr ess my opinion on·a patent, 
especially if it is my own. 

It may be, as the writer s tates, that the theory of the 
action· of my motor advanced in my paper before t he 
.American Institute in May, 1813$, is a clumsy one, but this 
theory was form-ed by me a number of years before the 
practical results were announcE-d, the patents being applied 
for only after it wru; undoubtedly demonstra red that tl,le 
motor could fairly compete in efficiency with the direct 
ctirreot motor, and that the invention was one of commer
Cial value. These patents were taken out with the help of 
some of the ablest attorneys. in the United States, well 
versed in electrical matters; the specifications were drawn 
up with great care, in vie'v of the imporlanceof·the inven
tion, and with proper regard to the state of .the art at that· 
period, and had the patents been carefully s tudied l}y 
others there would· not have been various features of my 
system reinvented, and several inventors. would have been 
spared at this late date a kPen d isappointment. 

The writer apprehends that it might be difficult for a non
tec~nical judge to decide whether a motor with two or 
more separate fieltl::~ and armatures, coupled together me
chanically, does or do-es not fall undE-r my patent. 1 do 
not share his apprehension. .1 udges are high ly educated 
men, and it does not require m uch technical knowledge to 
convince one that it is the sawe whether two belts driving 
a ri~tid ar bor are close together or far apart. Nor do I 
think that it is n~essary for the honorable judge to be a 
partis11n of the armature rt'action theory in order to recog
ni:ze the identity of the twoiUTangemeuts referred to by the 
w riter of the article in qtu.:stiou. Indeed, I would seri
ously doubt the sincerity of a man capable o f clear con
ception!! were he to uphold that the arrangeoJents 
are essentially different, even i f the case lihould 
stand exactly ns he assuml'S by way of illuslrntion of 
" pU7.zles likely to arise." For where is there a differenCt>? 
Tnke, for instanc~.-, a form of my two-phn~ motor There 
nr~ two sl'ts of field mnJ:.uets, onE> at the neut ral parts of 
the otht·r. On<> o f tl1e !>ets, therefore, Dlight as wclll>c rt'

moted auu plnced a difitancc Si1lcways, l.mt long f'xpcri· 
eoce shows that in output, effidrncy, c0st of construction 
and in ~enl!rr~l mrchanic:-~1 t·espect'l such nn arrnng<'ment 
is inferil)r. The two sNs nrc Cl!!1U<'ctcd inducri~<>ly thn•ugh 
the armature bo.Jy or the windings t hE>reoo. Part of the 
period one set of fit•ltl magnet.q nets us a ~euerator, se~

ting up induction currents, which circulate in tile field 
of force of the other set, which may be look ed upon as 
a motor. ~art· of the perio~ again, the second set be
comes the geoer'a tor and the first U1e motor, tbe action be
ing at the same time such that t he genernted currents are 
always passed in a definite direction with respect to the 
field ; ·they are commutated as i t were, and a tendeucy to 

· rotate in a given direction is impartl'd to the. armature. 
Now place two fields ~ide hy side and connect J>roperly: the 
armnture windings. · Are not the fields again inductively 
co:nnccted ? .Do not the currents set up by one field cause 
currt-nts to circulate in the other, and is the action 
not e::z:actly the same in bOth cnses? This ~ a fact, 
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no matter what theory is adhered to. The writer says thai 
in the case of two separate structures there is really nothing 
which may be called rotation of the fteld. But.is !here any 
such thing, when the two structures are merged in one? Is 
it not in accordance with · accepted notions to 
conceive the imaginary lines as ' surging simply 
in the pole projections in exactly the same manner 
in bo~h the a1Tangementa ? Irrespective of the view 
talren, be it even the more unfair to the inventor; no one 
is permitted to go so far as to make him responsible, in 
such a ca.qe, for theories and interpretations of his inven· 
tion. Theories may come and go, but the mot~r ~orka1 n 
Pt:actical result is achieved and the art is advanced through 
his pains and efforra. Dut what I desire 'to point out . 

. principally is t.hat in the article above referred to the writRr 
is only assuming a case which cannot occur. He is evi .. ently 
judging t he state of things from my short paper before the 
American Institute. This paper was written in a hurry 1 

in fact only shortly before . the . m~tiog of the 
Instttute, and l was unabre to do full · justice 
even to those features upon · .which, as employe of 
a company owoing th~ in"~""ention, I was pe:1mitt ed to 
dwell. Allow me to observe that my patent specification 
was w:ri tten up more carefully than my paper and the Ticw 
ta ken in it is a broader and truer one. '"While the "clumsy" 
theory was adapted aa the best in explanation of the .action 
ot the motor, the invention is not represented as depend
ent entirely on that theory ; and io showing a three phase 
motor with six projections, \vhere it was manifestly more 
consistent with the accepted popular ideas to assume the 
" lines of force" as simply surging in the projecting pole 
pieces, this view was distinctly and ad"t"isedly tnken, as the 
following quotation from my foundation patent will show : 
"The variations in the s trength and intensity of the cur
rents tr.w.smitted through thcst! circuits (lines and arma
ture) and traveri!ing the coil:~ of the motor produce a stead
ily progressive shifting of tlw-ri'B'Uitc111t attraetit•e f orce t>x
erted by the poles upon the armature and consequently 
keep the armature rapidly rot{l'ting." There is, in this in
stance, no question of a r otating field in· the common ac· 
ceptance of the term or the ·resultant attractit·e f orce: 
there is a question aim ply of a diagmm of l orce, and it is 
immaterial for the oprratipn whether ·the fields are · close 
together or far apart, or even whether, or not, they are in
ductively connected. 

I do not think that in Germany, where the Patent Office 
is proverbially s trict in upholding the rights of tbe in
ventor, a n illegitimate and unfair avpropriation of tl1e in
vention by others will be tolerated by tbe courts. 

Reprinted with Permi ss ion . Reprinted 
from Oct. 8 , 1892 , issue of Electrical 
World. c Copyright 1892 , McGraw
Hill, Inc . All rights reserved. 
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THE EWING HIGH-FREQUENCY ALTERNATOR AND PARSONS STEAM ENGINE 
In your issue of November 18 I find a description of Prof. Ewing's high-frequency 

alternator, which has pleased me chiefly because it conveyed to me the knowledge 
that he, and with him, no doubt, other scientific men, is to investigate the prop
erties of high-frequency currents. With apparatus such as you describe, shortly a 
number of experimenters, more competent than myself, will be enabled to go over the 
ground as yet but imperfectly explored, which will undoubtedly result in the obser
vation of novel facts and elimination of eventual errors. 

I hope it will not be interpreted as my wishing to detract anything from Prof. 
Ewing's merit if I state the fact that for a considerable time past I have likewise 
thought of combining the identical steam turbine with a high-frequency alternator. 
Anch' io sono pittore. I had a number of designs with such turbines, and would have 
certainly carried them out had the turbines been here easily and cheaply obtainable, 
and had my attention not been drawn in a different direction. As to the combination 
to which you give a rather complicated name, I consider it an excellent one. The 
advantages of using a high speed are especially great in connection with such alt
ernators. When a belt is used to drive, one must resort to extraordinarily large 
diameters in order to obtain the necessary speed, and this increases the difficul
ties and cost of construction in an entirely unreasonable proportion. In the mach
ine used in my recent experiments the weight of the active parts is less than 50 
pounds, but there is an additional weight of over 100 pounds in the supporting frame, 
whi ch a very careful constructor would have probably made much heavier. When run
ning at its maximum speed , and with a proper capacity in the armature circuit, two 
and a one-half horse-power can be performed. The large diameter (30 inches), of 
course, has the advantage of affording better facility for radiation; but, on the 
ether hand, it is impossibl e to work with a very small clearance. 

I have observed with interest that Prof. Ewing has used a magnet with alternating 
poles. In my first trials I expected to obtain the best results with a machine of 
the Mordey type - that is, with one having pole projections of the same polarity. 
My idea was to energize the field up to the point of the maximum permeability of the 
iron and vary the induction around that point. But I found that with a very great 
number of pole projections such a machine would not give good results , although 
with few projections, and with an armature without iron, as used by Mordey, the re
sults obtained were excellent. Many experiences of similar nature made in the 
course of my st udy demonstrate that the ordinary rules for the magnetic circuit do 
not hold good with high frequency currents. In ponderable matter magneti c perm
ability, and also specific inductive capacity , must undergo considerable change 
when the frequency is varied within wide limits. This would render very difficult 
the exact determination of the energy dissipated in iron cores by very rapid cycles 
of magnetization, and of that in conductors and condensers, by very quick reversals 
of current. Much valuable work remains to be done in these fields, in which it is 
so easy to observe novel phenomena , but so difficult to make quantitative determ
inations. The results of Prof. Ewing•s systematical research will be awaited with 
great interest. 

It is gratifying to note from his tests that the turbines are being rapidly im
proved. Though I am aware that the majority of engineers do not favor their adop
tion. I do not hesitate to say that I believe in their success. I think their 
principle uses, in no distant future, will be in connection with alternate current 
motors , by means of which it is easy to obtain a constant and , in any desired ratio, 
reduced speed. There are objections to their employment for driving direct current 
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generators, as the commutators must be a source of some loss and trouble, on account 
of the very great speed; but with an alternator there is no objectionable feature 
whatever. No matter how much one may be opposed to the introduction of the turbine, 
he must have watched with surprise the development of this curious branch of the 
industry, in which Mr. Parsons has been a pioneer, and everyone must wish him t he 
success which his skill has deserved. 

Nikola Tesla 
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ON THE DISSIPATION OF THE ELECTRICAL EN
ERGY OF THE HERTZ RESONATOR. 

BY 

•

NYONE who, like myself, bas had the pleasure 
. of witnessing the bea.utiful demonstrations with 

vibrating diaphragms which Prof. Bjerknea, 
exhibited in person at the Paris Exposition in 
1889, must have admired his ability and 

painstakin~ care to such a degree, as to have an almost 
implicit fatth in the correctness of observations made by 
him. His experiments "On the Dissipation ol the Elec· 
trical Energy of the Hertz Resonator,'~ which are described 
in the issue of Dec. 14, of Ta& EtECTRlOAL ENGIN&Il:B, are 
prepared in the same i'ngenious and skillful manner, and 
the conclusions drawn from them are all the more interesting 
as they agree with the theories put forth by the most ad
vanced thinkers. 1~here can not be the alighest doubt :u1 
to the truth of these conclusions, yet the statements which 
follow may serve to explain in part the results arrived at in 
a different manner; and with this object in view I venture 
to call attention to a condition with which, in investiga
tions such as those of Prof. Bjerknes, the experimenter is · 
confr()ntcd. 

The apparatus, oscillator and resonator, being immersed 
in air, or other discontinuous medium, there occurs~aa I 
have pointed out in the description of my recent expel;'i
mcnta before the English and French scientific aocietiea
disllipation of energy by what I think might be appropri· 
atcly called electric souna.waves or sound-waves of electri
tiecl atr. In Prof. Bjerknes's experiments principally this 
di~sipation in tho resonator need be considered, though 
the sound-waves-if this teriJl be permitted-which 
emana.te from the surfaces at the oscillator may consider
ably affect the observations made at some distance from 
the latter. Owing to this dissipation the period of vibra
tion of an air.condeuser oan not be accurately determined, 
and I have already drawn attention to this important fact. 

These waves are propagated at right angles from the 
charged surfat:es when their charges are alternated,. and 
dissipation occur11, even if the surfaces are covered with 
thick and excellent insulation. Assuming that the "charge" 
imparted to a moleoule or atom. either by direct contact 
or inductively is proportionate to the electric density of 
the surfact>, the dissipation should be proportionate to the 
soptare of the densit y and to the m~mber of waves per sec
ond. Tile above assumption, it should be 'stated, does not 
agree with some observations from which it appears tha~ 
an atom can not take but a certain maximum charge; hence, 
the charge imparted may be pra.ctically independent of the 
den~ity of the surface, but this is immaterial for the pres
ent consideration. Th1s and other points will be decided 
when accurate quantitative determinations, which are as 
yet wanting, shall be made. At present it appears certain 
from experiments with high-frequency cur!en'ts, that this 
dissip!ltion of energy from a wire, for instanee, is not ve'l!y 
far from being proportionate to the frequency of the alter-

nations, and increases very rapidly when the diameter of 
the wire is made exceedingly small. On the latter point 
the recently published results of Prof. Ayrton and H. Kil. 
gour on "The Thermal Emissivity of Thin Wires in Air" 
throw a curious light. Exceedingly thin wires are Mpable of 
di11sipating a comparatively very great amount of energy by 
the agitation of the surrcundmg a.ir, when they are con· 
nected to a source of rapidly alternating potential. So in 
the experiment cited, a thin hot wire is found to be capa· 
ble of emitting an extraordinarily great amount of heat, 
especially at elevated temperatures. In the case of a hot 
wire it must of course be assumed that the increased emis. 
sivity is due to the more rapid convection and riot, to any 
appreciable degree, to an increased radiation. Were the 
latter demonstrated, it would show that· a wire, made bot 
by the application of beat in ordina~y · ways, behaves in 
some respects like one, the charge of,which is rapidly. alter· 

· nated, the dissipation of energy per unit of surfac~ kept at 
a certain temperature depending on the curvature of the 
surface. I do not recall any record of experiments intended 
to demonstrate this, yet this effect, tlioligh probably very 
small, should certainly be looked for. · 

A number· of observations showing the pecu1iaritv. of 
very thin wirt>s were made in the course of my · experi
ments. I noted, for instance, that in the well-known 
Crookes instrument the mica vanes are repelled with com· 
paratively greater force when the incandescent platinum 
wire is exceedingly thin. This obae.rvation ·enabled me to 
produce the spin of such vanes mounted in a vacuum tube 
when the latter WilB placed in an alternating electrostatic 
field. This however does not prove anything in regard to 
radiation, as in a highly exhausted vessel the phenomena 
are .Principally due to molecular bombardment or con· 
vectton. 

When I first undertook to produce the incandescence of 
a wire enclosed in a bulb, by connecting it t<1 only one of 
the terQlinals of a high tension transformer, I could not 
succeed for a long time. On one occasion· I had mounted 
in a bulb a thin platinum w:ire, but my apparatus was not 
adequate t o produce the incandescence. I made ot!ber bulbs, 
reducing the length of the wire to a small· fraction; still I 
did not succeed. It then occurred to me that it would be 
desirable to have the surface of the wire as large as pos
sible, yet the bulk small, and I provided a bulb with an 
exceedingly thin wire of a bulk about equal to that of the 
abort but much thicker wire. On turning the current on 
the bulb the wire was instantly fused. A series of subae. 
quent experiments showed, that when the diameter of the 

· wire was exceedingly· small,- considerably . more engrgy 
would be dissipated per unit surface at all degr~es of 
exhaustion than was to be ~xpected, even on the aasump· 
tion that the ener~y given off was in proportion to the 
square of the electno density. There iR likewise· evidence 
which, though not poasessin~ tho eertainty of an accurate 
quantitative determioatlon, 1s nevertheless reliable beoaaae 
it is the result of a great manr oba~rvatians, namely, that 
with the increase of the denstty the dissipation is more 
rapid for thin than for thick wires. · . 

The effects noted in exhausted vessels with higb.fre· 
quency currents are merely diminished in degree when the 
air is at ordinary pressure, but heating and dissipation 
.occurs, as I have demonstrated, under .the ordinary atmo· 
spheric oonditiona. Two very thin wires attached to the 
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terminals of a high-frequency coil are capable of giving off 
an appreciable am<>unt of energy. When the density is 
very great, the temperature of the wires may be percep
tibly raised, and in such case probably the greater por
tion of the energy which is dissipated otoing to tlte 
".>resence of a discontinuous medium is transformed into 
beat at the enrfaoe tor in close proximity to the 
wires. Such heating could not occur in a ·medium 
possessing either of the two qualities, namely, perfect 
incompressibility or perfect elasticity. In fluid insulat 
ort~, such as oils, though they are far from being perfectly 
incompressible or elastic to electric displacement, the beat
ing is much smaller ~cause of the continuity of the fluid. 

When the electric den.sity of the wire surfaces is· small, 
there is no appreciable : local heating, nevertheless energy 
is dissipated in air by waves, which differ from ordinary 
sound-waves only because the air is electrified. 'l'hese 
waves are especially conspicuous when the discharges of a 
powerful battery are directed through a short and thick 
metal bar, the number of discharges per sec()nd being very 
small. The experimenter may feel the impact of the air a.t 
distances of six feet or more from the bar, especially if he 
takes. the precaution to sprinkle the face or hands with 
ether. These waves cannot be entirely stopped by the 
interposition of an insulated metal plate. · 

Most of the striking phenomena of mechanical displace. 
ment, sound, beat and light which have been observed, im
ply the presence o'f a medium of a gaseous structure, that is, 
one consisting of independent carriers capable of free 
motion. 

When a glass plate is placoJ near a condenser the charge 
of which is alternated, the plate emits a sound. This 
sound is due to tbe rythmical impact of the .air against the 
plate. I have also found that the ringing of a condenser, 
first noted by Sir William Thomson, is due to the"presence 
of the air between or near the charged surfaces. 

When a disruptive discha1·ge coil is immersed in o'il 
contained in a tank, it is observed that the surface of the 
oil is .agitated. This may be thought to be due to the dis
placements produced in the oil by the changing stresses, but 
such is not the case. It is the air above the oil which is 
agitated and causes the motion of the latter; the oil 
itself would remain at reet. The displacements produced in 
it by changing electrostatic stresses are insignificant; to 
such stresses it may be said to be compressible to but a 
'very small degree. The action of the air is shown in a 
curious manner for. if a pointed metal bar is taken in the hand 
and held with the point close to the oil, a h<>le two inches 
deep is formed in the oil by the molecules of the air, which 
are violently projected from the point. 

The preceding statements may have a general bearing 
upon investigations in which currents of high frequency and 
potential are made use of, but they also have a more direct 
bearii.ng upon the experiments of Prof. Bjerknes which arc 
here considered, namely, the "skin effect," is increased by 
the action ·of the air. Imagine a wire immersed in a 
medium, the conductivity of which would be some function 
of the frequency and potential difference hut such, that 
the conductivity increases when either or both of these 
elements are increased. In such a medium, the higher the 
frequency and potential difference; the greater will be tho 
current which will find its way through the surroundin~ 
medium, and the smaller the part which will pass through 
the central portion of the wire. In the case of a wire im
mers·ed in air and traversed by a high-frequency current, 
the facility with which the energy is dissipated may be 
considered as the equivalent of the conductivity; and the 
analogy would be quite complete, were it not that 
besides the air another medium is present, the total dissi
pation being merely modified by the presence of the air to 
an e:%tent as yet not ascertained. Nevertheless, I have 
sufficient evidence to draw the conclusion, that the results 
obtained by Prof. Bjerknes are affected by the presence of 
air in the following manner: 1. The dissipation of energy 

is more rapitl when the resonator is immersed in air than it 
would be in a practically continuous medium, for inlltance, 
oil. 2. The dissipation owing to th.e presence of air ren
ders the difference between magnetic and non-magnetic 
metals more striking. The first conclusion follows directly 
from. the preceding remarks; the second follows from tbt· 
·two facts that the resonator receives always the eamo 
amount of energy, independent of the naturt!l of the metal, 
and that the ma~netism of the metal increases the imped
ance of the circuit. A resonator of magnet ic mrtal 
behaves virtually as though its circuit were longer. Tbero 
is a greater potential difference set up per unit of length, 
although this may not show itself in the deflection of tbc 
electrometer owing to the lateral dissipation. The effec~ 
of the increased impedance is strikingly illustrated in the 
two experiments of Prof. Bjerknes when copper is depos
ited upon an iron wire; .and next iron upon a copper wire, 
Considera.ble thickness of copper deposit was re.quirr•l in 
the former .experiment, but very li~tle thickness of iron in 
tho latter, as should be expected. 

Taking the above views, I believe, that in the exprri
ments of ~Prof. Bjerknes which lead him to undoubtedly 
correct conclusions, the air is a factor fully as import.ant, 
if not more so, than the resistance of thfl metals. 

STATISTICS OF ELECTRICAL MANUFACTURE IN 
. GERMANY. 

TnE following statistics with regard to the value of 
electrical goods manufactured in Germany, and relating 
to the years 1890 and 1891, .were recently given by the 
Elektrotechnisohe Zeitschrije on the authority of Herr f·r. 
Vogel. Telegraphic apparatus to the value of $280,000 wu 
made; telepbonet~, over $400,000; railway signalling appu· 
atus, nearly $400,000; total, with electric bells, etc., auoat 
$2,000,000. During 1890-1891: 3,500 continuou11 currl'nL 
dynamos~ alternators a.nd transformers were built eAch 
year to the value of $1,600,000. In 1886 a large Gt•rmsn 
firm built 350 machineR, having a total output of 2,500,000 
watts. Last year the same firm turned out 760 maebirll'll, 
the total output of which was 10,000,000 watts, the &\'<'T· 

age size of machine being, therefore, about 9 ~ h. p. and 
17 ~ h. p. respectively. Accumulators are being manuft.e. 
tured and sold in Germany to the amount of $1,120,000 per 

· annum. About 17,000 arc lamps are made every year, tht.>ir 
value being about $500,000. The arc-light carb()n prodar~ 
amounts to nearly $400,000 per annum, and the incand<'t
cent lamp product to $640,000. The value of tho total 
annual electrical output of all sorts is placed at 16,(100,00(1 
or $6,700,000. The nn mber of persons employ eLl in eleo· 
trical factories is about lq,OOO. 

MAXIMUM SPEED ON ELECTRIC RAILWAYS. 

IN a contribution to the Elektrotedmische Zeit.~t:hrift. 
Mr. J. Kraemer comments on the current statements rt· 
garding high speed on electric railways, and p:re~l!nt8 10 
array of formulas for calculating the effect of air prc~~urt', 
dead weight and other factors on the maximum pot'Siblt 
speed. He thinks that 500 kilometres per hour i" tbt 
highest speed yet attained by experiments ma<lc on a 
laboratory scale; the dead weight of the caN!, eogir:" 
trucks and the fuel used reduces this to about liiO bl· 
ometres. The limited rate of reciprocation of the 
steam engine part of the locomotive suggests larger dri_Y· 
ing wheels, _but the size of these is limit.ed by tho radi111 
of the Cltrves. These factors, together with the allowancct 
for air resistance, ·slipping on the rails and the aYcra~ 
grades still further reduce this speed, so that electri\l rail· 
ways must be able to alter the conditions materially in 
order to attain a speed of even 200 kilometres per bOIIft 
corresponding to about 125 miles pe,r hour-quite a promi.f. 
ing figure . . 
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rltSCEL.LANEOUS. 

THE. PHYSIOLOGICAL· AND ·oTHER EFFECTS OF 
HIGH. FREQUENCY CURRENTS. 

· IN THE ELBCrRtOAL ENatNBER::of January 25, 1898, I note an 
article by Mr. A~ A. C. Swinton, referring to my experiment. with 
bigh·frequency,cutrents. Mr.· Swinton uses in these experiments 
the method of converting deecribed by me in my paper before 
theA·inerioan·Institute of Electrical Engineers, in May, 1891, and 
published· in TS!!:' E ·LZCTRlOAL ENGINKII:R of July 8, 1891, which 
bas since been employed by a number of experimenters; but it 
bas somewhat surprised me to.obaerve that he makes use of an ordi. 
nary vibrating contact-breaker, wbereas be could have employed 
the much simpler method ·of converting continuous current6 into 
alternating currenta·of any ·f~.-,.cy -which \Vas shown by me 
two years ago. This method does not involve the employment of 
any moving parts, and allows the experimenter to vary the 
frequency at will by simple adjustments. I bad thought that 
most electrici~ns :were · a~ · pl'e(lent -f•miliar with tim IQode of 
conversion which po98683es many beautiful features. . 

The effects observed .. by Mr. Swinton are not new to me and 
they might have been anticipated! by those who have carefully 
rt'ad what. I have written· on the eubject. But I cannot a~ree 
with some of the Yiews expressed by him. · 

Firet of all, in regard to the physiological effects. I have made 
a clear ·statement at the beginning of my published studies, and 
roy continued experience with thoeae currents has only further 
strengthened me in the opinion then expressed. I stated in my 
paper1 before mentioned, that it is an undeniable fact that currents 
of very high frequency are -less injurious than the-low frequency 
currents, -but I have a leo -taken care to prevent the idea. from 
gaining ground that thetle currents are absolutely harmless, as 
will be evident from the following quotation: "If received 
directly from a machine or from a secondary of low resistance, 
they (high frequency currents) · produce more or leas powerful 
effects, and may cause eerious injury, especially when used in 
conjunction with condensers." This refers to currents of ordinary 
potential differences euch ·as are used in general commercial 
practice. 

As regards. the -currents .of very high potential differences, 
which were employed-in my experiment&, I have never considered 
the current's atrength, but <the fmergy which the human body was 
capable of receiving without injury,.and I have expressed this 
quite clearly on more than one occaeion. For instance, I stated 
that "tlte higher the frequency the greater the o.mount of 
electrical energy which may be passed through the body without 
serious. discomfort." And . on another occasion when a high 
tension coil w~ short-circuited though the body of the experi
menter I stated that · the immunity was due to the fact that less 
eMrgy was available externally .to the· coil when the experi
menter's bodr joined 'the ~rminals. This iii practica.lly what Mr. 
Swinton e11:presses in another way.;· namely, by saying that with 
"high frequency currents it :s possible to obtain effects with 
exceedingly small cul'J'ents," etc. . . 

In regard .to the experiments. with lamp filaments, I .have, I 
believe, expressed· myself w.ith equal clearness. I have pointed 
out some phenomena of impedance which at that time (1891) were 
consid·ercd very striking, and 1 ha.ve also pointed out the great 
importance ot the rarefied gas surrounding the filament when we 
have t.o deal with currents-of .such high frequency. The heating 
of. the· filament by a compax:atively smo.ll current is not; as Mr •. 
Swinton thinks, due to its impedance or increased ohmic resist
ance, but principally to · the presence of rarefie11. gas in the bulb. 
Ample evidettce of the truth-of .this ·Can be obtained in verr many 
t'xperiments, and ·to cite. them.would be merely ltmgthenmg this 
communication unduly. 

Likewise, observations made when the experimenter's body 
was included in'the path of th!l iiliroharge, are, in my opinion, not 
impedan.ee, bnt caJ!acity, ·phenomena. The spark between the 
hands is tht' aborter, the larg!lJ: the surface of the body, and no 
spark whatevel' would.·be_ -obtained if the surface of the body 
were sufficiently la!-"ge. · . 

. I w.ould here .point out that one 'is apt to' fall into the error of sup
posing ·that the spark which ie produced betw~n two point!! on a. 
conductor, not ·very 'distant from each other, is due to the 
impe.dance of .the coQ.dUcit9r. ''rhis is certainly the case when the 
current is of. considerable ·strength, as 10r. instance when, like in 
theFaradaT experittu~llt or some of·E>r. ~dge's, abeavily·char~d 

battery of Lo~yden jari! is di~cba.r6ei thro~gh a bent wir<!. But, 
wl_len there is a vibrati<l~ a.loug a w_ire which is consta.ntl}' main
tatned, and the current 1s mapprectable whereas the potentinl at 
the co!l terminal is _exceedingly high, then lateral dissipation 
comes mto play prom•nen.tly. There is then. owing to this di8:!i· 
p~tion, a r~~opid fall_of potential al.ong the wire and high pott'ntial 
dtf!e~enccs may ex 1st botwee_n pomts on Ir: a abort distance aput. 
ThiS 18 of course not to be confounded w1th those difference.'! of 
potential observed between points when there are fixed wa\'('s 
with ventral and .nodal point!! maintained on a conductor. The 
lateral dissipation, ~nd not the skin effect, ie, I think, the reason 
why so great an amount O>f energy may be passed into the body of 
a person without causing discomfort. 

It always affords me -great pleasure to note, that something 
which I have suggested is being employed for some instmc
tive or practical purpose: but I may be pardoned tor .men
tionting that other observations made by Mr. Swinton, and hy 
other experimenters, hl\ve recently been brought forward R9 
novel, . and arrangements of apparatus which I have suggested 
have been used repeatedly py some who apparently are in com. 
plete ignorance of what I !have done in this direction. 

ELeCTRICAL RECORDING ME TERS.-II. 

BY CARYL D .. BASKINS. 

There is another device, or perhaps I had betteraay there might 
be· another device for accomplishing.the object of this last meter 
in a somewhat similar manner. The actinomett'r is probably 
familiar to all wbo havl) indulged -in ama~ur photogr.lpb.y ; it 
consists or a piAce of glass covered with email cuhes, each cuhe of 
a more intense ruby red than ~he one beyond it, merging, in fact, 
from an almost clear glass to an almost perfectly non·actinic 
medium. Now, it suggtlstd itself to a certain electricia.n that i f o. 
number of these squares were arranged in a piece of glas3, one 
above: the other, and a lamp whose light should vary more or les3 

· directly with the potentio.l on the lines, be placed before this glass 
-or actinometer, a sensitive film being rotated behind the actin· 
ometer at a constant speed, .that the varying light of the lamp 
would draw a curved line, or rather a curved block of light and 
shade on the paper, which would be measured by a planimeter to 
get the average voltage, or could be taken at points. to see what 
the voltnge was at certain times ; in fact, a recording voltmeter. 
This device seemed very nice indeed. It bad only one fault-it 
would not work. I might say that the device is my own. 

There is almost an endless variety of clock meteill; They are 
not all electricity m~>ters by !UlY means; 'some are recording volt· 
meters, oth.ers recording ammeters, and others have still difftJrent 
purposes. The familiar recording steam gauge is only a modifi. 
cation of this instrument. A paper is almost invariably rotA.teu 
over a drum, sometimes being fixed to the drum, and sometime<~ 
being drawn from one drum to. another. the paper moving at uni· 
form speed, and generally being divided i·nto hours or other frac
tions of time by abscissro lines. 

This clock mechanism can be combined with any indicatin~ 
device; it.is only necessary to supply the connection which shall 
cause the indicator to mark the paper, and draw a crooked line. 
l:t'irst attempts of this kind are generally made with an ordinary 
solenoid, or sometimes with a simple coil and iron core rising and 
falling with the current. Whatever the character of the indicator 
or method of communication between the indicator and. paper, it 
remained necessary to keep the friction of contact low. 

First attempts were made with a pencil, bearing directly ul>on 
the paper, but the friction introduced by this device was fata to 
accuracy. A glass pen has been substituted for the pencil with 
better results, but even this caused too much friction. The photo· 
graphic method of lino drawing is one of the best srstems yet 
intr<Jduced, .and is probably more familiar to the maJority of us 
than other methods, uecause it forms a component part of the 
Walker meter which ha!l attracted attention at various times. 

One of the best methods of accomplishing the regil!tration, 
perhaps. when all things are considered, the very best, is to o.ttacb 
to the pointer of the indicator, a steel point or needle with an iron 
armature mounted in tho form of a spring, or in some similar 
manner. By placing an electromagl?et behind the paper to be 
marked, and sending ,through this mitgnet an electrical impulse 
at fi:J:ed periods of say, one, two or five minutes, the pointer is 
drawn sharply down to th.e paper, puncturing it, and is immedi· 
ately released by the cessation of energizing c~nt in the elec. 
tromagnet. Thus, the paper when removed, will have a contin· 
uous marking of punctures tantamount to a curved line. This 
device' presents practically no friction, and is more or less simple 
and easy to carry .out. The make·and-break necessary for the 
electromngnet . is easily actuated by the clock movements. But 
we may aay of these forme, as well M of. the forms of clock meter 
which are to follow, that there is one eerious obl'ection to them 
all:-they have to be wound up, which ie cert•in y a fault. We 
may modify this statement by saying that many of these devices 
have .an .electrical. attachment which makes them Belf.wiuding, 
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FROM NI(C)OLA TESLA - HE WRITES ABOUT HIS EXPERIMENTS IN ELECTRICAL HEALING. 
Some weeks ago this journal published an interesting article concerning elec

trical oscillations as observed by the eminent scienti st, Ni(c)ola Tesla. So much 
interest was shown in the subject that Mr. Tesla was appealed to directly and in 
response to that appeal he sends to The Detroi t Fr ee Press this open letter: 

Nos. 46 & 48 E. Houston Street 
New York, February 10, 1896 

During the past few weeks I have received so many letters concerning the same 
subject that it was entirely beyond my power to answer all of them individually. 
In view of this I hope that I shall be excused for the delay, which I must regret, 
in acknowledging the receipt, and also for addressing this general communication in 
answer to all inquiries. 

The many pressing demands which have been made upon me in consequence of exag
gerated statements of the journals have pai nfully impressed me with the fact that 
there are a great many sufferers, and furthermore that nothing finds a more power
ful echo than a promise held out to improve the condition of the unfortunate ones. 

The members of the medical fraternity are naturally more deeply 
the t ask of relieving the suffering from their pain, and, as might 
great many communications have been addressed to me by phys icians. 
ly this brief statement of the actual facts i s addressed. 

interested in 
be expected, a 
To these chief-

Some journals have confounded the physiological effects of electrical oscilla
tions with those of mechanical vibrations, this being probably due to the circum
stance that a few years ago I brought to the attention of the scientific men some 
novel methods and apparatus for the production of electrical oscillations which, 
I learn, are now largely used in some modification or other in electro-therapeutic 
treatment and otherwise. To dispel this erroneous idea I wish to state that the 
effects of purely mechanical vibrations which I have more recently observed, have 
nothing to do with the former. 

Mechanical vibrations have often been employed locally with pronounced results 
in the treatment of diseases, but it seems that the effects I refer to have either 
not been noted at all, or if so, only to a smal l degree, evidently because of t he 
insufficiency of the means which have eventually been employed in the investiga
tions. 

While experimenting with a novel contrivance, constituting in its simplest form 
a vibrating mechanical system, in which from t he nature of the construction the 
applied force is always in resonance with the natural period , I frequently exposed 
my body to continued mechanical vibrations. As the elastic force can be made as 
large as desired, and the applied force used be very smal l, great weights, half a 
dozen persons, for instance , may be vibrated with great rapidity by a comparatively 
small apparatus. 

I observed that such i ntense mechanical vibrations produce remarkable physiolog
ical effects. They affect powerfully the condition of the stomach, undoubtedly 
promoting the process of digestion and relieving the feeling of distress, often 
experienced in consequence of the imperfect function of the organs concerned in 
the process. They have a strong influence upon the liver, causing it to discharge 
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freely, similarly to an application of a catharic. They also seem to affect the 
glandular system, noteably in the limbs; also the kidneys and bladder, and more 
or less influence the whole body. When applied for a longer period they produce 
a feeling of immense fatigue, so that a profound sleep is induced. 

The excessive tiring of the body is generally accompanied by nervous relaxation, 
but there seems to be besides a specific action on the nerves. 

These observations, though incomplete, are, in my own limited judgment, never
theless positive and unmistakable, and in view of this and of the importance of 
further investigation of the subject by competent men I pr~pared about.a year ago 
a machine with suitable adjustments for varying the frequency and ampl1tude of the 
vibrations, intending to give it to some medical faculty for investigation. This 
machine, together with other apparatus, was unfortunately destroyed by fire a year 
ago, but will be reconstructed as soon as possible. 

In making the above statements I wish to disconnect myself with th~ extraor- . 
dinary opinions expressed in some journal~ which I have n:ver author1zed and w~1:h, 
though they may have been made with good 1ntent, cannot fall to be hurtful by g1v1ng 
rise to visionary expectations. 

Electrical Review - N. Y. 
March l 8 , 1 8 96 , p . l 4 7 
TESLA 1 S LATEST RESULTS 

Yours very truly, 

N. Tesla 

HE NOW PRODUCES RADIOGRAPHS AT A DISTANCE OF MORE THAN FORTY FEET. 
To The Editor of Electrical Review: 

Permit me to say that I was slightly disappointed to note in your issue of Mar. 
11 the prominence you have deemed to accord to my youth and ta 1 ent, w·hi 1 e the r ibs 
and other particulars of Fig. 1, which, with reference to the print accompanying 
my communication, I described as clearly visible, were kept modestly in the back
ground. I also regretted to observe an error in one of the captions, the more so, 
as I must ascribe it to my own text. I namely stated on page 135, third column, 
seventh line: 11 A similar impression was obtained through the body of the experi
menter, etc., through a distance of four feet ... The impression here referred to 
was a similar one to that shown in Fig. 2, whereas the shadow in Fig. 1 was taken 
through a distance of 18 inches. I state this merely for the sake of correctness 
of my communication, but, as far as the general truth of the fact of taking such a 
shadow at the distance given is concerned, your caption might as well stand, for 
I am producing strong shadows at distances of 40 feet . I repeat, 40 feet and even 
more. Nor is this all. So strong are the actions on the film that provisions must 
be made to guard the plates in my photographic department, located on the floor 
above, a distance of fully 60 feet, from being spoiled by long exposure to the stray 
rays. Though during my investigations I have performed many experiments which seem
ed extraordinary, I am deeply astonished observing these unexpected manifestations, 
and still more so, as even now I see before me the possibility, not to say certi
tude, of augmenting the effects with my apparatus at least tenfold! What may we 
then expect? We have to deal here, evidently, with a radiation of astonishing pow
er, and the inquiry into its nature becomes more and more i nteresting and important . 
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Here is an unlooked-for result of an action which, though wonderful in itself, seem
ed feeble and entirely incapable of such expansion, and affords a good example of 
the fruitfulness of original discovery. These effects upon the sensitive plate at 
so great a distance I attribute to the employment of a bulb 'With a single terminal, 
which permits the use of practically any desired potential and the attainment of 
extraordinary speeds of the projected particles. With such a bulb it is also evi
dent that the action upon a fluorescent screen is proportionately greater than when 
the usual kind of tube is employed, and I have already observed enough to feel sure 
that great developments are to be looked for in this direction. I consider Roent
gen's discovery, of enabling us to see, by the use of. a fluorescent screen, through 
an opaque substance, even a more beautiful one than the recording upon the plate. 

Since my previous communication to you I have made consid,erable progress, and 
can presently announce one more result of importance. I have lately obtained shad
ows by reflected rays only, thus demonstrating beyond doubt that the Roentgen rays 
possess this property. One of the experiments may be cited here. A thick copper 
tube, about a foot long, was taken and one of its ends tightly closed by the plate
holder containing a sensitive plate, protected by a fiber cover as usual. Near the 
open end of the copper tube was placed a thick plate of glass at an angle of 45 
degrees to the axis of the tube. A single-terminal bulb was then suspended above 
the glass plate at a distance of about eight inches, so that the bundle of rays fell 
upon the latter at an angle of 45 degrees, and the supposedly reflected rays passed 
along the axis of the copper tube. An exposure of 45 minutes gave a clear and sharp 
shadow of a metallic object. This shadow was produced by the reflected rays, as the 
direct action was absolutely excluded, it having been demonstrated that even under 
the severest tests with much stronger actions no impression whatever could be pro
duced upon the film through a thickness of copper equal to that of the t ube. Con
cluding from the intensity of the action by comparison with an equivalent effect 
due to the direct rays, I find that approximately two per cent of the latter were 
were reflected from the glass plate in this experiment. I hope to be able to report 
shortly and more fully on this and other subjects. 

In my attempts t o contribute my humble share to the knowledge of the Roentgen 
phenomena, I am finding more and more evidence in support of the theory of moving 
material particles. It is not my intention, however, to advance at present any 
view as to the bearing of such a fact upon the present theory of light, but I mere
ly seek to establish the fact of the existence of such material streams in so far 
as these isolated effects are concerned. I have already a great many indications 
of a bombardment occurring outside of the bulb, and I am arranging some crucial 
tests which, I hope, will be successful. The calculated velocities fully account 
for actions at distances of as much as 100 feet from the bulb, and that the projec
tion through the glass takes place seems evident from the process of exhaustion, 
which I have described in my previous communication. An experiment which is illus
trative in this respect, and wh1ch I intended to mention, is the following; If we 
attach a fairly exhausted bulb containing an electrode to the terminal of a dis
ruptive coil, we observe small streamers breaking through the side of the glass. 
Usually such a streamer will break through the seal and crack the bulb, whereupon 
the vacuum is impaired; but, if the seal is placed above the terminal, or if some 
other provision is made to prevent the streamer from passing through the glass at 
that point, it often occurs that the stream breaks out through the side of the 
bulb, producing a fine hole. Now, the extraordinary thing is that, in spite of 
the connection to the outer atmosphere, the air can not rush into the bulb as long 
as the hole is very small. The glass at the place where the rupture has occurred 
may grow very hot - to such a degree as to soften; but it will not collapse, but 
rather bulge out, showing that a pressure from the inside greater than that of the 
atmosphere exists. On frequent occasions I have observed that the glass bulges out 
and the hole~ through which the streamer rushes out, becomes so large as to be 
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perfectly discernible to the eye. As the matter is expelled from the bulb the rare
faction increases and the streamer becomes less and less intense, whereupon the 
glass closes again, hermetically sealing the opening. The process of rarefaction, 
nevertheless, continues, streamers being still visible on the heated place until 
the highest degree of exhaustion is reached, whereupon they may disappear. Here, 
then, we have a positive evidence that matter i s being expelled through the walls of 
the glass. 

When working with highly stra i ned bulbs I frequently experience a sudden , and 
sometimes even painful, shock in the eye. Such shocks may occur so often that the 
eye gets inflamed, and one can not be considered over-cautious if he abstains from 
watching the bulb too closely . I see in these shocks a further evidence of larger 
particl es being thrown off from the bulb. 

Nikola Tesla. 
New York, March 14. 
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Electrical Progre5s. 
On Apparatus for Cathography. 

n1 NJI(OLA TESLA. 

lu order to produce the most intense 
effects, we have first to consider that, 
whatever their nature, they depend 
necessarily on the intensity of the 
cathode streams. Then, again, being 
depeode10t on the magnitude of the po
tential, it follows that the highest at· 
taina\,le electrical pressure is desirable. 

To ob(ain high potentials we may 
avail our selves of an ordinary induction 
coil, or of a stat ic machine, or preler
atJly of a disruptive discharge coil • . If 
we put two electrodes in a bulb, or use 
one inside and another outside elec· 
trode, we limit the potential, for the 
presence not only of the anode, but of 
any conducting object, has the effect of 
reducing the practicable poten tia.l on 
the 'cathode. Thus, to secure the re
sult aimed at, one is driven to the ac
ceptance of a sin~le electrode bulb, the 
other terminal being as far remote as 
possible. 

Ha-ving selected the induction ap· 
paratus and type of bulb, the next im
portant consideration is the vacuum. 
On this · subject I am able to make 
known a fact with which I have long 
been acquainted, and of which I have 
taken advantage in the production of 
vacuum jackets and incandescent bulbs 
and which I subsequently found to b~ 
of the utmost importance. not to say 
essential, for the production of intense 
Roentgen shadows. I refer to a 
method of rarefaction by ele~trical 
means to any degree desirable, far be
yond that obtainable by mechanical 
appliances. 

Though this result can be reached by 
the use of a static machine, as well as 
of -an ordinary induc,tion coil giving a 
sufficiently high potential, I have found 
that by far the most suitable ap
paratus, and one which secures ·the 
qu~ckest action, is a disruptive coiL · It 
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is best to proceed in this way: The 
bulb is first exhausted by means of an 
ordinary vacuum pump to a · rather 
high degree, though my experiences 
have shown that this is not absolutely 
necessary, as I have also found it pos
sible . to rarefy, beginning from low 
pressure. · After being taken down 
from the pump, the bulb is attached to 

· the terrulnal of the disruptive coil 
preferably of high frequency of vibra~ 
tion, and usually · the foUowing phe
nomena are noted: First, there is a· 
milky light spreading tbrou~h the bulb 

· or possibly for a moment the glass be: 
comes phosphorescent, it the bulb has 
been exhausted to a high degree. At 
any rate, the phosphoresc.eoce geoer· 
ally subsides . quickly and the white 
Ugbt settles around the electrode, 
whereupon a dark space forms at some 
distance from the latter. Shortly 
afterwards the li~bt assumes a reddish 
color and the t erminal ~rows very bot. 
This heating, however, 1s observed only 
with powerful apparatus. It is well to 
watch the bulb carefully and regulate 
the potential at this stage, as the elec
trode might be quickly consumed. 
A~ter some time the redc;lish light· 

subs1des, the streams becommg again 
white, whereupon they get weaker and 
weaker, wavering around the electrode 
until they finally disappear. Mean
while, tbe phosphorescence of the glass 
grows more and more intense, and the 
spot where th~ stream strikes the wall 
becomes very hot, while the phosphor· 
escence around the electrode ceases 
and the latter cools down to such an 
extent that the glass near it may be 
actually ice·coKd to the touch. The gas 
in the· bulb has then reached the re
q ulred degree of · rarefaCtion. The 
process may be hastened by repeated 
heating aod cooling and by the em
ployment .of a small. electrode. 

I may sta~e here that t he experi-· 
menter ·need not be deterred from us
in~a glass bu1b, as I believe the opacity 
of glass, as · well as the transparency of 
aluminum, are somewhat exaggerated 
inasmuch as I have found that a very 
thin aluminum sheet throws a marked 
shadow, while , ou the other band I 
have obtained impressions through a 
thick glass plate. 

The above method is not only valu-



able as a means of obtaining the high 
vacua desired, but it ia &till more im
portant, because the phenomena ob
served throw a light on the results ob· 
tained by Lenard and Roentgen. 

Though tbe phenomenon of rarefac
tion under above conditions admits of 
different interpretations, th& chief in
terest centers on one of tbem,·to wbicb 
I adhere-that is, on the actual expul
sion of the particles through the walls 
of the bulb. I have lately observed 
that the latter commences to act'prop
erly upon the sensitive plate only from 
the point. when the exhaustion begins 
to -be not1ceable, aLd the effects.prQ
duced are the strongest . when the 
process of exhaustion is most rapid, 
even though the phosphorescence might 
not appear particularly bright. Evi
dently, then, the two etfects areclosely 
connected, and I am getting more and 
more convinced that we have to deal 
with rJ stream. of materia\ parti.cles, 
which strike the sensitive plate with. 
great velocities . Taking as a basis 
the estimate of Lord Kelvin on the 
speed of projected particles in a 
Crookes' bulb, we arr ive easUy by tlie 
employment of very high potentials to 
spe~ds ot as much as a hundred kilo
meters a second. 

It may not be known that even an 
ordinary streamer, breaking out sud
denly and unrler great pressure from 
tbe terminal of a disruptive coil, passes 
througb.a thick glass plate as though 
the latter were not present. Unques
tionably, with such coils pressures are 
practicable which will project the 
particles in straight lines even. under 
atmospheric pressure. I have obtained 
distinct impressions in free air, cot by 
streamers, as some experimenters have 
done, using static machines or induc
ti6n coils, but by actual projectioa, the 
formation of streamers being abso

·lutely prevented by careful static 
screening. 

A valuable evidence of the nature of 
the radiations and progress in the di
rection of obtaining strong impres
sions on the plate might be arrived at 
by perfecting plates especially sensi
tive to mechanical shock or impact. 
There are chemicals suitable for this, 
and the development io this direction 
may lead to the abandonment of the 
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tion coils, but by actual proJection, tbe 
formation of streamers being abso
lutely prevented by careful static 
screening. 

A valuable evidence of the nature of 
the radiations and progress io the di
rection of obtaining strong impres
sions on the plate might be arrived at 
by perfecting plates especially sensi· 
tive to mechanical shock or impact. 
There are chemir.als suito.ble for this, 
and the development in this direction 
may lead to the abandonment of the 
present plate. Fur.thermore, if we 
have to deal with streams of material 
particles, it seems oot impossible to 
project upon the plate a suitable sub
stance to insure the best chemical 
action. · 

By exposing the bead to a powerful 
radiation strange effects have been 
aoted. For instance, I find that there 
is a tendency to sleep and the time 
seems to pass away quickly. There is 
a general soothing effect , and I have 
felt a sensation of warmth in the upper 
part of the bead. An assistant inde
pendently confirmed the tendency to 
sleep and a quick lapse of time. Should 
these remarkable etlects be verified by 
inen with keener sense of observation, 
I shall still more firmly believe in the 
existence of material streams penetrat
ing the skull. Thull it may be possible 
to project a suitable cbewical into any 
part of the body. . 

Since my above-mentioned discov
eries I have made considerable prog
ress, and can -presently announce ·one 
more result of importance. I have 
lately obtained shadows by reflected 
rays only, thus demonstrating beyond 
doubt that the Roentgen rays possess 
this property. One of the experi
ments may be cited here. A thick 
copper tube, about a foot long, was 
taken and one of its ends tightly closed 
by the plate-bolder containing a sensi
ti~e plate, protected by a fiber cover 
as usual. Nea.r the open end of the 
copper tube was placed a thick plate 
glass at an angle of 45° to the axis of 
the tube. A single terminal bulb was 
then' suspended above the glass plate 
at a distance ol about eight inches, so 
that the bundle of rays fell upo!} the 
latter at an angle of 45°, and supposedly 
reflected rays passed along the axis of 
the copper tube. An exposure of 
forty-five minutes gave a clear aod 
sharp shadow of a metallic object. 
This shadow was produced by the re
flected rays, as the direct action was 
absolutely excluded, it having been 
demonstrated that, even uoder the se
verest tests with much stronger ac
tions, no impression whatever could be 
produced upon ·the film through a 
thickness of copper equal to that of 
the tube. Concluding from the in
tensity of the action by comparison 
with an equivalent etlect due to the 
direct rays, I find that. approximately 
two per cent of the latter were re
flected from the glass plate in this ex
periment-. 
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In a letter to the editor of the Buffalo Enquirer, Mr. Nikola Tesla replies as 
follows in regard to an inquiry on the subject of the future of electricity: 

11 The transmission of power has interested me not only as a technical problem, 
but far more in its bearing upon the welfare of mankind. In this sense I have ex
pressed myself in a lecture, delivered some time ago. 

"Since electrical transmission of energy is a process much more economical than 
any other we know of, it necessarily must play an important part in the future, no 
matter how the primary energy is derived from the sun. Of all the ways the utiliza
tion of a waterfall seems to be the simplest and least wasteful. Even if we could, 
by combining carbon in a battery, convert the work of the chemical combination into 
electrical energy with very high economy, such mode of obtaining power would, in my 
opinion, be no more than a mere makeshift, bound to be replaced sooner or later by 
a more perfect method, which implies no consumption of any material whatever ... 

Cassiers Magazine - London 
March, 1897, pp. 378-386. 
THE AGE OF ELECTRICITY. 
by Nikola Tesla 

The commemoration of the recent introduction into the city of Buffalo of electric 
power from Niagara Falls was made the occasion of a banquet~ held at the Ellicott 
Club, at Buffalo on January 12, 1897 , the hosts being the Niagara Falls Power and 
Conduit Company, and the distinguished guests the men, principlally, to whose busi
ness and engineering talents the world owes the remarkable Niagara undertaki ng so 
recently brought to successful completion. Probably none among these has been more 
honoured than Mr. Nikola Tesla, whose electrical researches and practical accom
plishments have been the talk of the world, and whose polyphase alternating current 
system was the one eventually adopted in the work at Niagara Falls. After the ban
quet, in responding to the toast, 11Electricity, 11 Mr. Tesla spoke at length of the 
various sciences, with special reference, naturally to electricity, and from his 
remarks the appended extracts have been made, picturing in a graphic and striking 
manner the dependence upon power of the development and wealth of cities, the suc
cess of nations, the progress of the whole human race, in fact, as he himself put 
it. - THE EDITOR. 

For more than half a century the steam engine has served the innumerable wants 
of man. The work it was called to perform was of such variety, and the conditions 
in each case were so different that, of necessity~ a great many types of engines 
resulted. In the vast majority of cases the problem put before the engineer was 
not, as it should have been, the broad one of converti ng the greatest possible 
amount of heat energy into mechanical power, but it was rather the specific prob
lem of obtaining the mechanical power in such form as to be best suitable for gen
eral use. As the reciprocating motion of the piston was not convenient for prac
tical purposes, except in very few instances, the piston was connected to a crank, 
and thus rotating motion was obtained, which was more suitable and preferable, 
though it involved numerous disadvantages incident to the ·crude and wasteful means 
employed. But until quite recently there were at the disposal of the engineer, for 
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the transformation and transmission of the motion of the piston~ no better means 
than rigid mechanical connections. 

The past few years have brought forcibly to the attention of the builder the 
electric motor, with its ideal features. Here was a mode of transmitting mechan
ical motion, simpler by far, and also much more economical. Had this mode been 
perfected ea.rlier, there can be no doubt that the majority of the many types of 
engines would not exist, for just as soon as an engine was coupled with an elec
tric generator a type was produced capable of almost universal use. From this mo
ment on there was no necessity to endeavor to perfect engines of special designs 
capable of doing special kinds of work. The engineer's task became now to concen
trate all his efforts upon one type, to perfect one kind of engine - the best~ the 
universal, the engine of the immediate future; namely, the one which is best suit
able for the generation of electricity. 

The first efforts in this direction gave a strong impetus to the development of 
the reciprocating high-speed engine, and also to the turbine, which latter was a 
type of engine of very limited practical usefulness, but became, to a certain ex
tent, valuable in connection with the electric generator and motor. Still, even 
the former engine, though improved in many particulars, is mot radically changed, 
and even now has the same objectionable features and limitations. To do away with 
these as much as possible, a new type of engine is being perfected in which more 
favourable conditions for economy are maintained, which expands the working fluid 
with utmost rapidity and loses little heat on the walls of the engine stripped of 
all usual regulating mechanism - packings, oilers and other appendages - and form
ing part of an electric generator; and in this type, I may say, I have implicit 
faith. 

The gas or explosive engine has been likewise profoundly affected by the com
ercial introduction of electric light and power, particularly in quite recent years. 
The engineer is turning his energies more and more in this direction, being attrac
ted by the prospect of obtaining a higher thermodynamic efficiency. Much larger 
engines are now being built, the construction is constantly improved~ and a novel 
type of engine, best suitable for the generation of electricity, is being rapidly 
evolved. 

There are many other lines of manufacture and industry in which the influence of 
electrical development has been even more powerfully felt, -for instance, the man
ufacture of a great variety of articles of metal, and especially of chemical prod
ucts . The welding of metals by electricity, though involving a wasteful process, 
has, nevertheless, been accepted as a legitimate art, while the manufacture of metal 
sheet, seamless tubes and the like affords promise of much improvement. 

We are coming gradually, but surely, to the fusion of bodies and reduction of all 
kinds of ores - even of iron ores - by the use of electricity, and in each of these 
departments great realisations are probable. Again~ the economical conversion of 
ordinary currents of supply into high-frequency currents opens up new possibilities, 
such as the combination of the atmospheric nitrogen and the production of its com
pounds; for instance, ammonia and nitric acid, and their salts, by novel processes. 

To enumerate the many advances recorded is a subject for the reviewer, but I can
not pass without mentioning the beautiful discoveries of Lenard and R,oentgen, par
ticularly the latter, which have found such a powerful response throughout the sci
entific world that they have made us forget, for a time, the great achievement of 
Linde in Genmany, who has effected the liquefaction of air on an industrical scale by 
a process of continuous cooling; the discovery of argon by Lord Raleigh and Profes
sor Ramsay, and the splendid pioneer work of Professor Dewar in the field of low 
temperature research. The fact that the United States have contributed a very 
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liberal share to this prodigious progress must afford to all of us great satis
faction. 

While honouring the workers in other countries and all those who, by profession 
or inclination, are devoting themselves to strictly scientific pursuits, Americans 
have particular reasons to mention with gratitude the names of those who so much 
contributed to this marvelous development of electrical industry in the United 
States. Bell, who, by his admirable invention enabling us to transmit speech to 
great distances, has profoundly affected our commercial and social relations, and 
even our very mode of life; Edison, who, had he not done anything else beyond his 
early work in incandescent lighting, would have proved himself one of the greatest 
benefactors of the age; Westinghouse, the founder of the commercial alternating sys
tem; Brush, the great pioneer of arc lighting; Thomson, who gave us the first prac
tical welding machine, and who, with keen sense, contributed very materially to the 
development of a number of scientific and industrial branches; Weston, who once led 
the world in dynamo design, and now leads in the construction of electric instru
ments; Sprague, who, with rare energy, mastered the problem and insured the success 
of practical electrical railroading; Acheson, Hall, Willson and others, who are 
creating new and revolutionising industries here under our very eyes at Niagara. 

Nor is the work of these gifted men nearly finished at this hour. Much more is 
still to come, for fortunately, most of them are still full of enthusiasm and vig
our. All of these men and many more are untiringly at work investigating new re
gions and opening up unsuspected and promising fields. Weekly, if not daily, we 
learn through the journals of a new advance into some unexplored region, where at 
every step success beckons friendly, and leads the toiler on to hard and harder 
tasks. 

But among all these many departments of research, these many branches of indus
try, new and old, which are being rapidly expanded, there is one dominating all 
others in importance - one which is of the greatest significance for the comfort 
and welfare, not to say for the existence, of mankind, and that is the electrical 
transmission of power. And in this most important of all fields long afterwards, 
when time will have placed the events in their proper perspective, and assigned men 
to their deserved places, the great event we are commemorating to-day will stand 
out as designating a new and glorious epoch in the history of humanity - an epoch 
grander than that marked by the advent of the steam engine. 

We have many a monument of past ages; we have the palaces and pyramids; the tem
ples of the Greek and the cathedrals of Christendom. In them is exemplified the 
power of men, the greatness of nations, the love of art and religious devotion. But 
that monument at Niagara has something of its own, more in accord with our present 
thoughts and tendencies. It is a monument worthy of our scientific age, a true mon
ument of enlightenment and of peace. It signifies the subjugation of natural forces 
to the service of man, the discontinuance of barbarous methods, the relieving of 
millions from want and suffering. 

No matter what we attempt to do, no matter to what fields we turn our efforts, we 
are dependent on power. Our economists may propose more economical systems of ad
ministration and utilisation of resources, our legislators may make wiser laws and 
treaties, it matters little; that kind of help can be only temporary. If we want to 
reduce poverty and misery, if we want to give to every deserving individual what is 
needed for a safe existence of an intelligent being, we want to provide more machin
ery, more power. Power is our mainstay, the primary source of our many-sided ener
gies. With sufficient power at our disposal we can satisfy most of our wants and 
offer a guaranty for safe and comfortable existence to all, except perhaps to those 
who are the greatest criminals of all - the voluntarily idle. 

The development and wealth of a city, the success of a nation, the progress of 
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the whole human race, is regulated by the power available. Think of the victor
ious march of the British! Apart from the qualities of the race, which have been 
of great moment, they owe the conquest of the world to- coal. For with coal they 
produce thei r iron; coal furnishes them light and heat; coal drives the wheels of 
their immense manufacturing establishments, and coal propels their conquering 
fleets. But the stores are being more and more exhausted, and labour is getting 
dearer and dearer, and the demand is continuously increasing. 

It must be clear to every one that soon some new source of power supply must be 
opened up, or that at least the present methods must be materially improved. A 
great deal is expected from a more economical utilisation of the stored energy of 
the carbon i n a battery; but while the attainment of such a result would be hailed 
as a great achievement, it would not be as much of an advance towards the ultimate 
and permanent method of obtaining power as some engineers seem to believe. By 
reason both of economy and convenience we are driven to the general adoption of a 
system of energy supply from central stations, and for such purposes the beauties 
of the mechanical generation of electricity cannot be exaggerated. The advantages 
of this universally accepted method are certainly so great that the probability 
of replacing the engine dynamos by batteries is, in my opinion, a remote one, the 
more so as the high-pressure steam engine and gas engine give promise of a consid
erably more economical thermodynamic conversion. 

Even if we had this day such an economical coal battery, its introduction in 
central stations would by no means be assured, as its use would entail many incon
veniences and drawbacks. Very likely the carbon could not be burned in its natural 
form as in a boiler, but would have to be specially prepared to secure uniformity 
in the current generation. A great many cells would be needed to make up the elec
tromotive force usually required. The process of cleaning and renewal, the hand
ling of nasty fluids and gases and the great space necessary for so many batteries 
would make it difficult, if not commercially unprofitable, to operate such a plant 
in a city or densely populated district. 

Again, if the station be erected in the outskirts, the conversion by rotating 
transformers or otherwise would be a serious and unavoidable drawback. Furthe,rmore, 
the regulating appliances and other accessories which would have to be provided 
would probably make the plant fully as much, if not more, complicated than the 
present. We might, of course, place the batteries at or near the coal mine, and 
from there transmit the energy to distant points in the form of high-tension alter
nating currents obtained from rotating transformers, but even in this most favour
able case the process would be a barbarous one, certainly more so than the present, · 
as it would still involve the consumption of material, while, at the same time,, it 
would restrict the engineer and mechanic in the exercise of their beautiful art. 
As to the energy supply in small isolated places, as dwellings, I have placed my 
confidence in the development of a light storage battery, involving the use of 
chemicals, manufactured by cheap water power, such as some carbide of oxygen
hydrogen cell. 

But we shall not satisfy ourselves simply with improving steam and explosive 
engines or inventing new batteries; we have something much better to work for, a 
greater task to fulfill . We have to evolve means for obtaining energy from stores 
which are forever inexhaustible, to perfect methods which do not imply consumption 
and waste of any material whatever. Upon this great possibility, upon this great 
problem, the practical solution of which means so much for humanity, I have myself 
concentrated my efforts for a number of years, and a few happy ideas which came to 
me have inspired me to attempt the most difficult, and given me strength and cour
age in adversity. 

Nearly six years ago my confidence had become strong enough to prompt me to an 
expression of hope in the ultimate solution of this all-dominating problem. I have 
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made progress since, and have passed the stage of mere conviction such as is de
rived from a diligent study of known facts, conclusions and calculations. I now 
feel sure that the realisation of that idea is not far off. But precisely for this 
reason I feel impelled to point out here an important fact, which I hope will be 
remembered. 

Having examined for a long time the possibilities of the development I refer to, 
namely , that of the operation of engines on any point of the earth by the energy 
of the medium, I find that even under the theoretically best conditions such a 
method of obtaining power cannot equal in economy, simplicity and many other fea
tures the present method, involving a conversion of .the mechanical energy of run
ning water into electrical energy and the transmission of the latter in the form of 
currents of very high tension to great distances . Provided, therefore, that we can 
avail ourselves of currents of sufficiently high tension, a waterfall affords us 
the most advantageous means of getting power from the sun sufficient for all our 
wants, and this recognition has impressed me strongly with the future importance 
of the water power , not so much because of its commercial value, though it may be 
very great, but chiefly because of its bearing upon our safety and welfare. 

I am glad to say that also in this latter direction my efforts have not been 
unsuccessful, for I have devised means which will allow us the use in power trans
mission of electro-motive forces much higher than those practicable with ordinary 
apparatus. In fact, progress in this field has given me fresh hope that I shall 
see the fulfillment of one of my fondest dreams; namely, the transmission of power 
from station to station without the employment of any connecting wire . Still, what
ever method of transmisssion be ultimatel y adopted, nearness to the source of power 
will remain an important advantage. 

Some of the ideas I have expressed may appear to many hardly realisable; never
theless, they are the result of long continued thought and work . With ideas it is 
as with dizzy heights. At first they cause you discomfort and you are anxious to 
get down, distrustful of your own powers; but soon the remoteness of the turmoil 
of life and t he inspiri ng influence of the altitude calm your blood; your step gets 
firm and sure and you begin to look - for dizzier heights. 

In the great enterprise at Niagara we see not only a bold engineering and com
mercial feat, but far more, a giant stride in the right direction as indicated both 
by exact science and philanthropy. Its success is a signal for the utilisation of 
water powers all over the world, and its influence upon industrial development is 
incalculable. We must all rejoice in the great achievement and congratulate the 
intrepid pioneers who have joined their efforts and means of bring it about. It is 
a pleasure to learn of the friendly attitude of the citizens of Buffalo and of the 
encouragement given to the enterprise by the Canadian authorities. We shall hope 
that other cities, like Rochester on this side and Hamilton and Toronto in Canada, 
will soon follow Buffalo's lead. This fortunate city herself is to be congratu
lated. With resources now unequalled, with commercial facilities and advantages 
such as few cities in the world possess, and with the enthusiasm and progressive 
spirit of its citizens, it is sure to become one of the greatest industrial centres 
of the globe . 
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TESLA'S LATEST ADVANCES IN VACUUM-TUBE LIGHTING. 
APPLICATION OF TUBES OF HIGH ILLUMINATING POWER TO PHOTOGRAPHY AND OTHER PURPOSES. 
To the Editor of Electrical Review: 

A few years ago I began a series of experiments with a view of ascertaining the 
applicability of the light emitted by phosphorescent vacuum tubes to ordinary pho
tography. The results soon showed that, even with a tube giving no more light than 
the equivalent of one half of a candl e, objects could be ' easily photographed with 
exposures of a few minutes, and the time could be reduced at will by pushing the 
tube to a high candl epower. Photographs of persons were likewise obtained at that 
time and, i f I am not mi staken, these were the first l ikenesses produced wi th this 
kind of i lluminati on. However, a number of facts, not pertaining to t he subject 
presently considered , were observed in the course of the experiments whi ch, had 
they been immediately published, mi ght have material ly hastened important scientific 
developments which have taken place since. To dwell on these and other experimental 
results obtained at that time, more extensively at the first opportunity, is one of 
my good resolutions for the coming year. A calamity unfortunately, interrupted my 
labors for a short period, but as soon as I was able I took up again the thread of 
the investigation, which was not only interesting in connection with the principal 
object in view, but was also useful in many other respects. So, for i nstance, in 
making observations as to the efficiency or any peculiarity of the vacuum tubes, 
the photographic plate was found to be an excell ent means of comparison, note bei ng 
taken of the distance and time of exposure, character of t he phosphorescent body, 
degree of rarefaction and other such particulars of the moment. 

A rather curious feature in the photographs obtained with tubes of moderate il
luminating power, as a few candles, was that the l ights and shadows came out re
markably strong, as when very short exposures are made by flashlight, but the out
lines were not sharp and practically no detail was visible. By producing tubes of 
much greater candl epower, a notable improvement in this respect was effected, and 
this advance prompted me to further efforts in t hi s direction, whi ch fina l ly re
sul ted in the producti on of a tube of an illuminating power of equal to t hat of 
hundreds, and even thousands, of ordi nary vacuum tubes. What i s more, I believe 
that I am far from having attained the l imit in the amount of light produci bl e, 
and believe that this method of illumination wi ll be eventually employed for light
house purposes . This probably will be considered the oddest and most unlocked- for 
development of the vacuum tube. 

Simultaneously with this progress a corresponding improvement was made in the 
efficiency of the light produced. A few words on this point might not be ami ss, 
considering that a popular and erroneous opinion still exists in regard to the 
power consumed by vacuum tubes lighted by ordinary means . So deeply rooted is 
this opinion which, I will frankly confess, I myself shared for a long time, that, 
shortly after my own first efforts, Sir David Solomons and Messrs. Pike & Harris 
undertook to introduce in England such tubes on a large scale in competition with 
the incandescent system of lighting. The enterprise, which was commented on i n 
the technical periodicals, was commendable enough, but it was not difficult to 
foretell its fate; for although the high-frequency currents obtained from the al
ternator yielded better economical results than interrupted currents , and although 
they were obtained in a convenient and fairly economical manner, still the effic
iency of the whole system was necessarily too small for competition with incandes
cent lamps. The reason for the great power consumption, which may often be as much 
as 10 times that taking place in incandescent l amps for an equivalent amount of 
light, are not far to seek. A vacuum tube, particularly if i t be very large. 
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offers an immense radiating surface, and is capable of giving off a great amount 
of energy without rising perceptibly in temperature . What still inc~eases the dis
sipation of energy is the high temperature of the rarefied gas. Generally it is 
supposed that the particles are not brought to a high temperature, but a calcula
tion from the amount of matter contained in the tube, leads to results which would 
seem to indicate that, of all the means at disposal for bringing a small amount of 
matter to a high temperature, the vacuum tube is the most effective. This obser
vation may lead to valuable uses of such tubes in astronomical researches, and a 
line of experiment to this end was suggested to me recently by Dr. Geo. E. Hale, 
of the Yerkes Observatory. As compared with these disadvantages the incandescent 
lamp, crude and inefficient as it undoubtedly is, possesses vastly superior fea
tures. These difficulties have been recognized by me early, and my efforts during 
the past few years have been directed towards overcoming these defects and have 
finally resulted in material advances, so that I find it possible to obtain from 
a tube of a volume not much greater than that of a bulb of an incandescent lamp, 
about the same amount of light produced by the latter, without the tube becoming 
overheated, which is sure to take place under ordinary conditions. Both of these 
improvements, the increase of candle-power as well as degree of efficiency, have 
been achieved by gradual perfection of the means of producing economically harmon
ical electrical vibrations of extreme rapidity. The fundamental principle involved 
is now well known, and it only remains to describe the features of the system in 
detail, a duty with which I expect to be able to comply soon, this being another 
one of my good resolutions. 

The purpose of the present communication is chiefly to give an ide.a in how far 
the object here aimed at was obtained. The photographs shown were taken by a tube 
having a radiating surface of about two hundred square inches. The frequency of 
the oscillations, which were obtained from an Edison direct-current supply circuit, 
I estimated to be about two million a second. The illuminating power of the tube 
approximated about one thousand candles, and the exposures ranged from two to five 
seconds, the distance of the object being four to five feet from the tube. It 
might be asked why, with so high an illuminating power, the exposures should not 
be instantaneous. I would not undertake to satisfactorily answer this question, 
which was put to me recently by a scientific man, whose visit to my laboratory I 
still vividly recollect. Likenesses can, of course, be obtained with instantaneous 
exposures, but it has been found preferable to expose longer and at a greater dis
tance. from the tube. The results so far obtained would make it appear that this 
kind of light will be of great value in photography, not only because the artist 
will be able to exactly adjust the conditions in every experiment so as to secure 
the best result, which is impossible with ordinary light. He will thus be made 
entirely independent of daylight, and will be able to carty on his work at any 
hour, night or day. It might also be of value to the painter, though its use for 
such purposes I still consider problematical. 

I anticipate that much detail will naturally be lost in the reproductions 
through the half-tone process and press work, however good, but I hope that enough 
will be shown to demonstrate the advantageous features of this light in photography 
and its practical usefulness in this art. 

In conclusion, I wish to thank Mr . R. L. Newman for kindly consenting to the use 
of his photograph. 
NIKOLA TESLA 
New York, Jan. 3 . 

. / 



38 

PHOTOGRAPHED BY THE LIGHT OF A SINGLE VACUUM TUBE AT A DISTANCE 
OF FOUR FEET; EXPOSURE TWO SECONDS. 

PHOTOGRAPH OF THE EXPERIMENTER'S HAND MADE BY 
THE LIGHT OF A SINGLE IMPROVED VACUUM TUBE OF 
1,000 CANDLES. EXPOSURE TWO SECONDS; DISTANCE 
FROM THE 'TUBE FOUR FEET. 

PHOTOGRAPH MADE BY THE LIGHT OF A SINGLE 
VACUUM TUBE, AT A DISTANCE OF FIVE FEET; 
EXPOSURE, FIVE SECONDS. 



New York Journal 
Feb. 6, 1898 

TESLA ON ANIMAL TRAINING BY ELECTRICITY. 
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Ni(c)ola Tesla Writes of the Interesti n9 Possibilities of This New and Successful 
Device of Animal Trainers in Europe. 
To the Editor of the Journal: 

It seems to me that there are interesting possibilities in the training of an
imals by electricity. Of course, it's rather out of my province, but the idea of 
the electrical subjugator appears feasible when one knows the power of electricity 
and the instinctive fear that brutes have of the unknown. And the electrical meth
od seems more humane than those I believe are in use - the whip, red hot irons, and 
drugs, which are likely to do permanent injury, while the physical effects of an 
electric shock are soon gone, only the moral ones remaining. 

The subjugator referred to will do the work, but I think an apparatus could be 
designed that would be less dangerous to the man. I do not desire to be understood 
as giving the matter deep thought, but believe that if, instead of the armored back
pad, the trainer used a wand, with two prongs at one end, better results would fol
low. This wand would be connected with the supply cables and could be applied to 
any part of the animal's body at will. Its operation would be precisely the same 
as the subjugator here illustrated, the two prongs supplying the positive and 
negative poles of contact found in the flattened wires . With this wand an animal 
could be simply shocked, stunned or killed, as required. 

To cure animals of jumping at men in cages, a screen of stout but flexible wire 
could be stretched between the trainer and his subject, the wires to be alternately 
positive and negative, and connected through the regulator with the dynamo. After 
a couple of springs which would hurl him half insensible back into his corner, the 
taste for unexpected jumps would leave the brute. 

[!he following article appeared with the above.-EdJ 

Prague, Jan. 22. 
Science has come to aid the lion tamer in subdoing the wild beast. The red hot 

iron will, in future, be cast aside as unnecessary and out of date. Live wires, 
surcharged with electricity that baffle the lion's fiercest assaults, and burn and 
maim him badly have taken the place of the lash and scorching iron. A l ion tamer 
of Austria, Louis Koemmenich, has been the first to call in the assistance of the 
lightning to subdue wild beasts. 

Koemmenich has invented what he calls the electrical subjugator. This is a 
shield of electric wires that fasten on the back of the lion tamer and are con
nected with a dynamo by a wire coil of sufficient length to allow Koemmenich to 
move around the cage. 

In his hand he will carry a charged metal ball on an insulated handle, to be 
used as the red hot iron was in former days. 

The dynamo is operated by an assistant outside of the cage. 
Should a lion show a disposition to leap on Koemmenich, he invites attack by 

deliberately turning his back to the lion and apparently encouraging the onslaught. 

When the beast springs his paws come in contact with the electric shield, and 
he receives a shock of 1,500 volts from the dynamo. 

The operator can, if necessary, increase the voltage so as to shock the animal 
to death. 
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Thus far the device has worked like magic. One dose of lightning is sufficient 
for the average lion. Whips and even hot irons they have dared, but no animal has 
yet troubled Koemmenich after receiving into its body 1,500 volts from the electric 
subjugator. Whenever Koemmenich enters the cage after an encounter with a lion 
that has run against the electrical subjugator, he will cower away into a corner 
of.the cage, and never need any further punishment. 

New YoPk Journal 
Nov. 13, 1898 

MY SUBMARINE DESTROYER - by Nikola Tesla 

Yesterday Nikola Tesla gave to the Sunday Journal exclusively the news of his 
latest invention - a s ubmarine torpedo boat. He has perfected his device after 
observing the defects of the torpedo boats in the recent war, and noting the fa
talities of submarine boats invented up to date. His submarine boat will carry no 
lives to risk, but can be directed at a distance of miles from on shore or from the 
deck of a war ship. The power to do this will be the electric vibrations of the 
air used in wireless telegraphy. By this means a whole flotilla of submarine de
stroyers can be turned against a hostile fleet, and perhaps destroy it, without 
the enemy knowing how they were attacked. This seem~ almost incredible until the 
great magician of electricity explains his wonderful invention, point by point, in 
the following statement. 

11 1 am now prepared to announce through the Journal my invention of a -submarine 
torpedo boat that I am confident will be the greatest weapon of the navy from this 
time on. 

"The almost utter uselessness of the present kind of torpedo boat has been con
clusively demonstrated in the recent war. Neither the courage and skill of the 
Americans nor the desperate extremities of the Spaniards were able to bring the 
torpedo boats into successful action. These frail craft, of which so much was ex
pected, simply made an easy target for land batteries and rapid-fire guns of op
posing war ships. 

"The submarine boats, on the other hand, which have up to this time been built 
to carry torpedoes have proved death traps for men and were consequently ineffect
ive. The submarine boat, or, more properly speaking, the submarine destroyer, 
which I have invented is as compact as the torpedo itself. In fact, it is simply 
an enlarged torpedo shell, thirty-six and a half feet long, loaded with other 
torpedoes to discharge. Like a torpedo, also, it has its own propelling device . 
But here the likeness stops. The ordinary torpedo, once launched, plunges head on 
blindly and no known power can turn it one way or another. It hits or misses, ac
cording to the trueness with which it is aimed at its launching. 

"But my submarine boat, loaded with its torpedoes, can start out f rom a protect
ed bay or be dropped over a ship•s side, make its devious way below the surface, 
through dangerous channels of mine beds, into protected harbors and attack a fleet 
at anchor, or go out to sea and circle about, watching for its prey~ then dart 
upon it at a favorable moment, rush up to within a hundred feet if need be, dis
charge its deadly weppon and return to the hand that sent it. Yet through all these 
wonderful evolutions it will be under the absolute and instant control of a distant 
human hand on a far-off headland, or on a war ship whose hull is below the horizon 
and invisible to the enemy. 
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"I am aware that this sounds almost incredible and I have refrained from making 
this i nvention public till I had worked out every practical detail of it. In my 
laboratory I now have such a model, and my plans and description at the Patent Of
fice at Washington show the full specifications of it. 

''As to the mechanism which is to be stored in this submarine shell: The first 
and most essential thing is a motor, with storage battery to drive the propeller. 
Then there are smaller motors and batteries to operate the steering gear, on the 
same principle that an ordinary vessel is now steered by steam or electricity. Be
sides these t here are still other storage batteries and motors to feed electric 
signal lights. But in order that the weight of the .machinery shall not be too 
great to destroy the buoyancy or make the boat go too deep i n the water compressed 
air motors will al so be used to perform certain functions, such as to fill and 
empty the water tanks which raise the boat to the surface or sink it to any requir
ed depth. Pneumatic air or motors will also fire the torpedoes and pump out the 
water that may l eak in at any time. 

"This submarine destroyer will be equipped with six 14-foot Whitehead torpedoes. 
These will be arranged vertically in two rows in the bow. As one torpedo falls in
to position and is discharged by pneumatic force, another torpedo, by the force of 
gravity, falls into t he pos iti-on of the first one, the others above being held up 
by automatic arms. They can be fired as rapidly as a self-cocking revolver is emp
tied or at intervals of minutes or hours. The discharge takes place through ·a 
single tube, projecting straight ahead in the bow. The smal l amount of water which 
leaks through each time i s caught by dra in pipes and a compressed air pump instant
ly expel s i t. As each torpedo is expelled a buoyancy regulator will open the sea 
cocks and let enough water in the ballast tanks to make the buoyancy uniform and 
keep the boat at the same distance beneath the surface. 

"This submari ne destroyer wil l carry a charge of torpedoes greater than that of 
the largest destroyers now in use. Those vessels of five hundred tons each which 
cost the Government $500,000, carry but three or four torpedoes, while this simple 
submarine destroyer, which can be buil t for. $48,000 to $50,000 or less, wil l carry 
six torpedoes. It will have, also, the incalculable advantage of being absolutely 
invisible to an enemy , and have no human lives to r i sk or steam boilers to blow 
up and destroy itself. 

"All that is necessary to make this submarine boat subject to perfect control at 
any distance is to properly wire it, just like a modern house is wired so that a 
button here rings a bell, a lever there turns on the lights , a hidden wire some
where else sets off a burglar alarm and a thermal device give a fire alarm. 

"The only difference i n the case of the submarine boat is in the delicacy of the 
i nstruments empl oyed. To the propelling device, the steering gear, the signal ap
paratus and the mechanism for firing the torpedoes are attached l ittle instruments 
which are attuned to a certain electro-magnetic synchronism. 

"Then there is a similar set of synchronistic instruments all connected to the 
littl e switchboard, and placed· either on snore or on an ordinary war ship. ~Y mqv
ing the lever on the switchboard I can give the proper impulse to the submarine 
boat to go ahead, to reverse, throw the helm to port or starboard, rise, sink, 
discharge her torpedoes or return . 

"It mi ght be thought that some great power would be necessary to be projected 
across miles of distance and operate on the far-off boat. The power is all stored 
in the submarine boat itself - in its storage batteries and compressed air . All that 
is needed to affect the synchronistic i nstruments is a set of high alternating cur
rents, which can be produced by my oscillator attached to any ordinary dynamo sit
uated on shore or on a war ship. 
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"How such an apparently complicated mechanism can be operated and controlled at 
a distance of miles is no mystery. It is as simple as the messenger call to be 
found in almost any office. This is a little metal box with a lever on the outside . 
By moving the crank to a certain point it gi..ves vibrating sounds and springs back 
into position, and its momentary buzzing calls a messenger. But move this same 
crank a third further around the dial and it buzzes still longer, and pretty soon 
a policeman .appears, summoned by its mysterious call. Again, move the crank this 
time to the farthest limit of the circle and scarcely has its more prolonged hum of 
recoil sounded when the city fire apparatus dashes up to your place at its call. 

"Now, my device for controlling the motion of a distant submarine boat is exact
ly similar. Only I need no connecting wires between my switchboard and the distant 
submarine boat, for I make use of the now well-known principle of wireless teleg
raphy. As I move this little lever to points which I have marked on a circular 
dial I cause a different number of vibrations each time. In this case two waves 
go forth at each half turn of the lever and affect different parts of the distant 
destroyer's machinery. 

"How such submarine destroyers should actually be used in war I leave for naval 
tacticians to determine. But it seems to me that they could best be operated by 
taking a number on board a large fast auxiliary cruiser like the St. Louis or St. 
Paul, launch them, several at a time, like life boats, and direct their movements 
from a switch board placed in the forward fighting top. 

11 ln order that the director of the submarine destroyer may know its exact posi
tion at every movement, two masts, at bow and stern, will project up just above the 
water, too minute to be seen or hit by an enemy's guns by day, and by night they 
will carry . hooded lights. 

"The lookout placed in the fighting top could detect a hostile ship off on the 
horizon while the auxiliary cruiser's big hull is still invisible to the enemy. 
Starting these little destroyers out under direction of a man with a telescope, 
they could attack and destroy a whole armada - destroy it utterly - in an hour, 
and the enemy never have a sjght of their antagonists or know what power destroyed 
them. A big auxiliary cruiser, used to carry these submarine destroyers, could 
also carry a cargo of torpedoes sufficient to conduct a long campaign. and go half 
way around the world. 

"She could carry the gun cotton and other explosives needed to load the torpe
does in safe magazines below the water line, and do away with much of the danger 
of transporting loaded torpedoes. When necessary for use the war heads could be 
loaded, fitt·ed to the torpedoes, and the submarine destroyers fully equipped. 

"A high, projecting headland overlooking a harbor and the sea would also be a 
good point on which to establish a station and have the destroyers laid up at docks 
below ready to start. 

"That is the whole story of my latest invention. It is simple enough, you say. 
Of course it is, because I have worked all my life to make each one of the details 
so simple that it will work as easily as the electric ticker in a stock broker's 
office. 
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New York, Nov. 18, 1898 
46 & 48 East Houston St. 

Editor of The Electrical Engineer, 120 Liberty St., New York City: 
Sir - By publishing in your columns of Nov. 17 my recent contribution to the 

Electro-Therapeutic Society you have finally succeeded - after many vain attempts 
made during a number of years - in causing me a serious injury. It has cost me 
great pains to write that paper, and I have expected to see it appear among other 
dignified contributions of its kind, and I confess, the wound is deep. But you 
will have no opportunity for inflicting a similar one, as I propose to take better 
care of my papers in the future. In what manner you have secured this one in ad
vance of other electrical periodicals who had an equal right to the same, rests 
with the secretary of the society to explain. 

Your editorial comment would not concern me in the least, were it not my duty 
to take note of it. On more than one occasion you have offended me, but in my 
qualities both as Christian and philosopher I have always forgiven you and only 
pitied you for your errors. This time, though , your offence is graver than the 
previous ones, for you have dared to cast a shadow on my honor. 

No doubt you must have in your possession, from the illustrious men whom you 
quote, tangible proofs in support of your statement reflecting on my honesty. Being 
a bearer of great honors from a number of American universities, it is my duty, in 
view of the slur thus cast upon them, to exact from you that in your next issue 
you produce these, ~ogether with this letter, which in justice to myself, I am for
warding to other electrical journals. In the absence of such proofs, I require 
that, together with the preceding, you publish instead a complete and humble apol
ogy for your insulting remark which reflects on me as well as on those who honor 
me. 

On this condition I will again forgive you; but I would advise you to limit 
yourself in your future attacks to statements for which you are not liable to be 
punished by law. 

Electrical Review - N. Y. 
Nov, 30, 1898, pp. 344, 345 

N. TESLA 

TESLA DESCRIBES HIS EFFORTS IN VARIOUS FIELDS OF WORK. 

(From The Sun~ New York~ November 2Z~ ZB98) 
TO THE EDITOR OF THE SUN - Sir: Had it not been for other urgent duties, I 

would before this have acknowledged your highly appreciative editorial of November 
13. Such earnest comments and the frequent evidences of the highest apprec·iation 
of my labors by men who are the recognized leaders of this day in scientific spec
ulation, discovery and invention are a powerful stimulus, and I am thankful for 
them. There is nothing that gives me so much strength and courage as the feeling 
that those who are competent to judge have faith in me. 

Permit me on this occasion to make a few statements which will define my posi
tion in the various fields of investigation you have touched upon. 
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I can not but gratefully acknowledge my indebtedness to earlier workers, as Dr. 
Hertz and Dr. Lodge, in my efforts to produce a practical and economical lighting 
system on the lines which I first disclosed in a lecture at Columbia College in 
1891. There exists a popular error in regard to this light, inasmuch as it is be
lieved that it can be obtained without generation of heat. The enthusiasm of Dr. 
Lodge is probably responsible for this error, which I have pointed out early by 
showing the impossibility of reaching a high vibration without going through the 
lower or fundamental tones. On purely theoretical grounds such a result is think
able, but it would imply a device for starting the vibrations of unattainable qual
ities, inasmuch as it would have to be entirely devoid of inertia and other prop
erties of matter. Though I have conceptions in this regard, I dismiss for the 
present this proposition as being impossible. We can not produce light without 
heat, but we can surely produce a more efficient light than that obtained in the 
incandescent lamp, which, though a beautiful invention, is sadly lacking in the 
feature of efficiency. As the first step toward this realization, I have found it 
necessary to invent some method for transforming economically the ordinary currents 
as furnished from the lighting circuits into electrical vibrations of great rapid
ity. This was a difficult problem, and it was only recently that I was able to 
announce its practical and thoroughly satisfactory solution. But this was not the 
only requirement in a system of this kind. It was necessary also to increase the 
intensity of the light, which at first was very feeble. In this direction, too, I 
met with complete success, so that at present I am producing a thoroughly service
able and economical light of any desired intensity. I do not mean to say that this 
system will revolutionize those in use at present~ which have resulted from the co
operation of many able men. I am only sure that it will have its fields of use
fulness. 

As to the idea of rendering the energy of the sun available for industrial pur
poses, it fascinated me early but I must admit it was only long after I discovered 
the rotating magnetic field that it took a firm hold upon my mind. In assailing 
the problem I found two possible ways of solving it. Either power was to be de
veloped on the spot by converting the energy of the sun•s radiations or the energy 
of vast reservoirs was to be transmitted economically to any distance. Though 
there were other possible sources of economical power, only the two solutions men
tioned offer the ideal feature of power being obtained without any consumption of 
material . After long thought I finally arrived at two solutions, but on the first 
of these, namely, that referring to the development of power in any locality from 
the sun•s radiations, I can not dwell at present. The system of power transmission 
without wires, in the form in which I have described it recently, originated in 
this manner. Starting from two facts that the earth was a conductor insulated in 
space, and that a body can not be charged without causing an equivalent displace
ment of electricity in the earth, I undertook to construct a machine suited for 
creating as large a displacement as possible of the earth•s electricity. 

This machine was simply to charge and discharge in rapid succession a body in
sulated in space, thus altering periodically the amount of electricity in the earth, 
and consequently the pressure all over its surface. It was nothing but what in 
mechanics is a pump, forcing water from a large reservoir into a small one and back 
again. Primarily I contemplated only the sending of messages to great distances in 
this manner, and I described the scheme in detail~ pointing out on that occasion 
the importance of ascertaining certain electrical conditions of the earth. The 
attractive feature of this plan was that the intensity of the signals should dimin
ish very little with the distance, and, in fact, should not diminish at all, if it 
were not for certain losses occurring, chiefly in the atmosphere. As all my pre
vious ideas, this one, too, received the treatment of Marsyas, but it forms, never
theless, the basis of what is now known as 11wireless telegraphy ... This statement 
will bear rigorous examination, but it is not made with the intent of detracting 
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from the merit of others. On the contrary, it is with great pleasure that I ack
nowledge the early work of Dr. Lodge, the brilliant experiments of Marconi, and of 
a later expe·rimenter in this line, Dr. Slaby, of Berlin. Now, this idea I extended 
to a system of power transmission, and I submitted it to Helmholtz on the occasion 
of his visit to this country. He unhesitatingly said that power could certainly be 
transmitted in this manner, but he doubted that I could ever produce an apparatus 
capable of creating the high pressures of a number of million volts, which were re
quired to attack the problem with any chance of success, and that I could overcome 
the difficulties of insulation. Impossible as this problem seemed at first, I was 
fortunate to master it in a comparatively short time, and it was in perfecting this 
apparatus that I came to a turning point in the development of this idea. I, name
ly, at once observed that the air, which is a perfect insulator for currents pro
duced by ordinary apparatus, was easily traversed by currents furnished by my im
proved machine, giving a tension of something like 2,500,000 volts. A further 
investigation in this direction led to another valuable fact; namely, that the con
ductivity of the air for these currents increased very rapidly with its degree of 
rarefaction, and at once the transmission of energy through the upper strata of air, 
which, without such results as I have obtained, would be nothing more than a dream, 
became easily realizable. This appears all the more certain, as I found it quite 
practicable to transmit, under conditions such as exist in heights well explored, 
electrical energy in l:arge amounts. I have thus overcome all the chief obstacles 
which originally stood in the way, and the success of my system now rests merely 
on engineering ski l l. 

Referring to my latest invention, I wish to bring out a point which has been 
overlooked. I arrived, as has been stated, at the idea through entirely abstract 
speculations on the human organism, which I conceived to be a self-propelling ma
chine, the motions of which are governed by impressions received through the eye. 
Endeavoring to construct a mechanical model resembling in its essential, material 
features the human body, I was led to combine a controlling device, or organ sen
sitive to certain waves, with a body provided with propelling and directing mech
anism, and the rest naturally followed . Originally the idea interested me only 
from the scientific point of view, but soon I saw that I had made a departure which 
sooner or later must produce a profound change in things and conditions presently 
existing. I hope this change will be for the good only, for, if it were otherwise, 
I wish that I had never made the invention. The future may or may not bear out my 
present convictions, but I can not refrain from saying that it is difficult for me 
to see at present how, with such a principle brought to great perfection, as it 
undoubtedly will be in the course of time, guns can maintain themselves as weapons. 
We shall be able, by availing ourselves of this advance, to send a projectile at 
much greater distance, it will not be limited in any way by weight or amount of 
explosive charge, we shall be able to submerge it at command, to arrest it in its 
flight, and call it back, and to send it out again and explode it at will, and, 
more than this, it will never make a miss, since all chance in this regard, if hit
ting the object of attack were at all required, is eliminated. But the chief fea
ture of such a weapon is still to be told; namely, it may be made to respond only 
to a certain note or tune, it may be endowed with selective power. Directly such 
an arm is produced, it becomes almost impossible to meet it with a corresponding 
de~elopment. It is this feature, perhaps, more than in its power of destruction, 
that its tendency to arrest the development of arms and to stop warfare will reside. 
With renewed thanks, I remain, 

Very truly, yours, 
N. TESLA. 

New York, November 19. 
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EZeatriaaZ Review- N. Y. 
March 29, 1899, pp. 195-197, 204. 
SOME EXPERIMENTS IN TESLA'S LABORATORY WITH CURRENTS OF HIGH POTENTIAL AND 
HIGH FREQUENCY. . 

To the Editor of Electrical Review; 
Since the unfortunate accident of four years ago, which crippled and delayed my 

labors in a number of lines so seriously, I have had but little time to devote to 
the fulfillment of a duty which, next to that of turning his best efforts to dili
gent inquiry in the fields he has chosen, is the most important to a scientific man; 
namely, that of giving an exact record of the results obtained. I realize with sor
row every day that, despite of all pains taken to this end, I am gaining but very 
slowly on the material accumulated. Ideas come through a happy inspiration, appar
ently without much exertion, but it is the working out of the many harassing details 
and putting into a presentable form which consumes time and energy. It was impos
sible to abandon research in new directions, in which I have felt mys,elf irresist
ibly drawn, and it was equally impossible to do full justice to the work partially 
completed, and I can only hope to gradually retrieve my losses by the only expedient 
available, which is to redouble the zeal. It is not the best plan to follow, I con
fess, and is in radical opposition to the kindly advice given to me to the effect 
that I intended to live 200 years by sleeping most of the time! It may also show 
that it is not this mode of life which is responsible for the delay in the commer
cial introduction of my system of vacuum tube lighting, as has been a'Sserted by 
some people who have found a singular satisfaction in dwelling extensively in their 
columns on my proposed glass house on Long Island, which was to cover acres of 
ground, and which was to be built for the purpose of catching the sun 1 S rays; on my 
claims of the discoveries of Roentgen; on my invention enabling me to move and ex
plode torpedo boats by will power, and on my efforts to annihilate t he entire Brit
ish navy. It is to be hoped that the limit of patience of the readers has been 
finally reached. 

At that time, still painfully remembered, my energies were taken up principally 
by some mechanical problems of great importance, and the few observations in elec
tricity which I was fortunate to make came like ever so many refreshing berries 
found on the road by a weary wanderer. The journey is not finished yet, and the 
wanderer is well-nigh exhausted . He longs for more sweet berries, and anxiously 
asks, "Did any one pass this road before?" 

It was chiefly in three directons that electrical investigation was attractive 
and promising: There were the excessive electrical pressures of millions of volts, 
which opened up wonderful possibilities if producible in practical ways; there were 
currents of many hundreds of thousands of amperes, which appealed to the imagination 
by their astonishing effects, and, most interesting and inviting of a11, there were 
the powerful electrical vibrations with their mysterious actions at a distance. 
What better work could one do than inventing methods and devising means for enabling 
scientific men to push investigation far out into these practically unknown regions? 
This work was difficult and tedious and involved a certain amount of material sac
rifice, but promised a higher reward if successfully accomplished- the gratitude 
of those many who exercise their gifts in different directions and are compelled to 
rely on the expert for providing them with implements suitable for their special 
purpose . Who can estimate how much science has been advanced by the beautiful in
struments of measure which Lord Kelvin has given us? Unfortunately , i n many of the 
new fields such instruments are yet to be invented. Still more unfortunately, in
formations seems to be more needful than instruments, if one is to judge from state
ments frequently made in technical periodicals on a variety of subjects . An experi
menter, for instance, measures the current through a make-and-break device, and, 
finding it small, he infers that the conversion is economical. Another suggests 
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to determine the efficiency of conversion through such a device by the calorimetric 
method. Now, as a matter of fact, if there was such a contrivance, absolutely per
fect in its action, which would behave as I have explained on another occasion, and 
change the resistance of a gap from zero to infinity without any loss in the gap 
itself, which separates the terminals, it still might happen that 99 per cent of 
the energy supplied to the circuit would be wasted in radiations, useless for the 
purpose contemplated. The calorimetric method would in this, or generally in any 
other instance, in which the disturbances produced are very sudden, entirely fail 
in giving an approximation as to the energy dissipated in the circuit, for the sim
ple reason that the friction encountered by a wave in its passage through a medium, 
which determines the amount of heat generated, is no measure whatever of the energy 
of the wave. Thus, certain well understood cases excepted, the only method at pre
sent available in such estimates is to take account of the energy consumed by the 
source of supply. This remark alone will show that the economical conversion of 
currents by make and break devices is a much more difficult problem than it appears 
to those who have studied it superficially. Not only must the devices used in the 
transformation possess certain characteristics, but the entire circuit must be 
properly designed . One can not help admiring the confidence and self-possession of 
experimenters, who put forth carelessly such views and who, with but a few days', 
not to say hours', experience with a device, apparently unmindful of the respons
ibility of such a step, and advance their imperfect results and opinions hastily 
formed . The sparks may be long and brilliant, the display interesting to witness, 
and the audience may be delighted, but one must doubt the value of such demonstra
tions. There is so little novelty in them, that one might easily perform a practi
cal joke on the lecturer by describing in advance all his drawings, apparatus, ex
periments and theories, this placing him in an awful predicament. Though such a 
course would be naturally impolite, it might be found justified and excused by the 
circumstances, for premature expressions of opinion and demonstrations of this kind 
are responsi ble for much evil, one of these being the erroneous idea which they 
create in scientific circles as to the importance of an advance made. It grieves 
one to observed that, for example, such great work as that of Professor Dewar, which 
he turns out with clock regularity, is scarcely commented upon in the technical 
columns, whereas a worthless trap for interrupting currents, which usually consumes 
nine-tenths of the energy, and is, besides, useless for other reasons, and just 
suitable for the amusement of small boys, who are beginning their electrical ex
perience with Leclanche batteries and $1 . 50 induction coils, is hailed as an im
portant scientific discovery. An agreeable contrast is afforded by those who pa
tiently investigate, contented to lose the credit for advances made rather than to 
present them to the world in an imperfect state, who form their opinions conscien
tiously, after a long and careful study, and have little to correct afterward. 

The importance of the task of providing proper implements for resear~h in t hese 
fields once recognized, it became the question in what line the efforts to this end 
would be likely to be most profitable. A little thought showed that it was in in
vestigating high electrical pressures, for these were needed in most instances. 
More than a passing thought was given to static electricity, with the experiments 
of Franklin as starting point. Various forms of generators of static electricity 
were experimented upon, and some new ones designed, to which I hope to revert some 
time, as they present some features of interest. The most valuable outcome of these 
experiments was a method of conversion which I have described, and which enables the 
ope ration of any kind of devices of low tension from such a high-pressure source 
with perfect ease and safety, no matter how high the tension. Soon, however, it was 
recognized that with the above object in view generators of steady pressure were 
entirely impractical, quite apart from their inci dental limitations. It was exactly 
as if one attempted to drive piles into the ground by the application of continuous 
pressure. This would require cumbersome and powerful machinery, and would be very 
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inconvenient. An incomparably better way of developing high pressure is by deliver
ing violent blows as with a hammer. In such a case the motion of the hammer being 
suddenly arrested pressure is developed on the point of impact, which is all the 
greater the smaller the displacement caused, and if there were material absolutely 
rigid, incompressible and inelastic, an infinite pressure might thus be developed 
by a small blow. Hence one is forcibly driven to the use of a transformer or in
duction coil as means for producing great electrical pressures. The first diffi
culty encountered was that of insulation, and it might be interesting and useful to 
show, chiefly to those who are less familiar with this special subject, how by grad
ual improvement, from the ordinary inductorium capable of furnishing currents of 
very moderate electro-motive force, an apparatus was finally evolved in which there 
is practically no limit as to the pressure obtainable. 

Selecting first the closed core transformer, one easily recognizes that it is 
unsuitable for the attainment of the object in view for obvious reasons. Neverthe
less, by adopting the plan illustrated i n the first diagram of Fig. 2, I succeeded 
in obtaining nearly 200,000 volts, and I think that more than twice this tension is 
practicable by means of such an arrangement, which involves the use of independent 
and entirely insulated sources of supplying the primaries, as will be understood 
from an inspection of the diagram without further explanation. The evident limit
ations of the closed-core type in the way of insulation, rate of change and fre
quency of the current impulses, led to the adoption of an open-core type, as a mat
ter of course, and the various diagrams of the figure refer red to illustrate the 
modifications as they were gradually made in the manner of insulating and winding of 
the coils. In diagram 2 the old, primitive method of insulation is indicated. In 
diagram 3 the succeeding layers are insulated by material increasing in thickness 
gradually from one end to the other, being thickest on the place of greatest dif
ference of potential. The thickness is easily calculated beforehand, and is such 
that all the insulation is as nearly as possible uniformly strained. As it was 
impracticable to pi le up many layers in the manner illustrated in diagram 3, natu
rally the modification illustrated in diagram 4 was made, which led to a further im
provement, indicated in diagram 5. It was recognized, however, that there was no 
advantage in winding many coils, and that all that was needed were two secondary 
coils joined in the middle, as illustrated in diagram 6, the secondaries being, of 
course, wound as shown in diagram 3. Next, in order to increase the output of the 
coil and gain other advantages, the relative customarj position of the primary and 
secondary windings was reversed and the coil as shown i n diagram 7 produced, the 
two secondary coils being joined on their outer, instead of on their inner ends, as 
before . This construction was considerably better than that illustrated in diagram 
6, as the primary and secondary coils were placed in closer inductive relation. But 
when with this coil the tension had been pushed far enough, it was found that the 
iron core limited the spark length, and then two insulated cores, one in each coil , 
were resorted to, which were finally discarded, and so the coil shown in diagram 8 
resulted, which I have described on several occasions and which, of all other con
structions, permits the obtainment of the highest possible tension with a two
terminal coil in a given space. 

But even in this perfected type it was not possible to go beyond a certain po· 
tential difference, and a further investigation led to a new type, which I have cal
led a single terminal coil, and which is illustrated in diagram 9 and is now well 
known. In this coil the adjustment is so made that the secondary is nearly equal 
to the quarter of the wave length, the highest potential being, under these condi
tions, produced on the free terminal. Subsequently I extended such adjustment also 
to the coils in diagram 8, improving the same materially. 

During these efforts I fortunatly discovered the important part which air played 
in the breaking down of the insulation, and by adopting proper methods for the ex
clusion of gaseous matter, I was able to increase the electro-motive force to more 
than 10 times the value without breaking down the secondary. I have described this 



49 

method since, which I am using i n the manufacture of coils and condensers, and 
without which it would be entirely impossible to reach any such results as I have 
obtained. The i ndustrial world has profited by the recognition of the action of 
the air, for it has helped to extend power transmission to greater distances than 
heretofore practicable. It has also been useful in determining the limits of the 
electro-motive forces with ordinary apparatus used in power transmission, but I see 
that no atte·mpt is yet made to overcome the streamers by a suitable construction of 
the cables, as I have indicated, and thus make higher electro-motive forces avail
able. 

Further experimentation with the original single-terminal coil, before referred 
to~ finally led step by step to the adoption of a coil of l arge dimensions, which, 1n 
two typical forms, is illustrated in diagrams 10 and 11. With such a coil I found 
that there was practically no limit to the tension available, and it is by its means 
that I discovered the most important of all facts arrived at in the course of my 
investigation in these fields. One of these was that atmospheric air, though or
dinarily a perfect insulator, conducted freely the currents of immense electro
motive force producible by such coils and suitable accessori es. So great is the 
conductivity of the air, that the discha·rge issuing from a single terminal behaves 
as if the atmosphere were rarefied. Another fact i s that this conductivity increas
es very rapidly with rarefaction of the atmosphere and augmentation of the electri
cal pressure, to such an extent that at barometric pressures which permit of no 
transit of ordinary currents, those generated by such a coil pass with great free
dom through the air as through a copper wire. Following up these promising revela
tions I demonstrated conclusively by experiments that great amounts of electrical 
energy can be transmitted to any distance through upper air strata which are easily 
accessible~ and since this truth has been recognized every fiber has been strained 
to realize such a transmission on a large scale. These two obvervations explain 
clearly the silent discharges noted frequently in dense air strata, but three or 
four miles above the earth•s surface. One more equally important fact I may men
tion, which was simultaneously observed. The discharges of such a coil, when of 
an electro-motive force of a few millions of volts, excite powerful affinities in 
the atmospheric nitrogen, causing it to combine readily with the oxygen and other 
elements, particularly in the presence of aqueous vapor. So energetic are these 
actions and so strangely do such powerful discharges behave~ that I have often ex
perienced a fear that the atmosphere might be ignited, a terrible possibility, which 
Sir William Crookes, with his piercing intellect, has already considered. Who 
knows but such a calamity is possible? And who can tell with certitude that 
periodical cessations of organic life on the globe might not be caused by ignition 
of the air and destruction of its life-sustaining qualities, accidentally or as a 
consequence of some accumulative change? A lump of coal will lie for centuries 
unaffected in contact with oxygen, but the combus tion once started , the process 
continues as long as there are elements to combine. 

While improving the construction of the transformers, every effort was made to 
perfect the apparatus for generating the currents. The objective point from the 
outset was to obtain the greatest possible rate of variation. High-frequency al
ternators were first used; but their limitations were soon apparent . I then turned 
again and again to make and break devices, chiefly with the object of using them in 
connection with a novel form of transformer, which I have previously described~ and 
which is now well known and understood. In its ori ginal form, as I first showed it, 
it is illustrated in diagram 12, which need not be dwelt upon, beyond saying that 
one of the characteristic features of such an instrument is the energizing of the 
primary of the induction coil by the rapidly succeeding discharges of a condenser. 
In a more recent type, specially adapted for ordinary supply circuits, which I 
have described and shown before several scientific societies, the transformer 
comprises, as indicated in diagram 13, three coils , there being, in addition to 



50 

the primary and secondary coils, one which receives the currents from the supply 
circuit, and is designated the charging coil. Preferably the latter is not in in
ductive relation with the former. On a number of occasions I have described high
frequency apparatus embodying this beautiful method, which has already been of great 
value to science in my hands as well as in those of others. But a defect, to which 
I called attention early, still confronted me . It lay in the make and break devices 
which performed the function of charging and discharging the condenser. Many of 
such devices, based on a variety of principles, formed the subject of experiments 
carried on with the aim of doing away with this imperfection. To cite one of these, 
the current from the source of supply was passed through a. minute column of conduct
ing liquid maintained in a variety of ways, and in this simple manner rapidly suc
ceeding impulses were obtained. Incidentally, some useful results were secured with 
these contrivances, as, for example, the generation of currents of differing phase 
and the production of rotating fields moving with constant velocity; but, interest
ing· as these simple devices were, they naturally precluded the possibility of eco
nomical conversion. Their study, however, was useful as a means of recognizing the 
requirements of such make and break apparatus, and, finally, led to forms based on 
scientific and economical principles. A number of these were recently described 
in technical periodicals and, as stated on a former occasion, they fulfill their 
difficult duty surprisingly well and .make it possible to obtain currents of very 
high frequency from ordinary supply circuits with great economy. These novel con
trivances lend themselves well also to the uses of the ordinary induction coil, and 
I have employed them with equal success in a form of Plante 1 S rheostatic machine 
and for many other useful purposes. Thus, after a continuous effort extending 
through a number of years, I have the supreme satisfaction of having carried this 
hard and important task to a satisfactory end. 

The annexed photographs will serve to convey an idea of what can be done with 
these perfected implements. Referring to Fig. 1, illustrative of the high rate of 
change obtai ned in the current, a vacuum bulb of about 12 inches in diameter is 
held in front of a coil of four turns of specially constructed heavy cable, through 
which a condenser is discharging, and, although at a distance of several inches 
from the coil, the gas in the bulb is brought to intense incandescence, the light 
emitted being fully equal to 1,500 candles . Such a powerfully energized coil, when 
the frequency, as in this instance, is measured in millions per second, shows little 
repellent action, but when the frequency of the impulses is low, closed conductor~, 
as washers of conducting material, are thrown off with a force of a magnitude which 
can be only explained on the assumption that the currents have maximum values of 
many hundred thousand amperes . 

The remaining photographs will be understood from the titles, which are made ex
plicit for this purpose. I hope to have in the near future an opportunity for des
cribing more of such experiments, and dwelling in detail on the apparatus used. 
For the present I am compelled, for want of time, to merely state that the vibra
tions used in most of them were from 400,000 to 800,000 per second . 

In conclusion I wish to apologize for the frequent appearance of my likeness in 
these photographs, which is distasteful to me, but was unavoidable . Most of the ad
vances indicated, and a number of others, have resulted from the application of the 
beautiful principle upon which the operation of this apparatus is based. Scientific 
men have honored me by identifying it with my name, and I have earnestly endeavored 
to show myself worthier of this great distinction by devoting to it much of my en
ergies. No desire for material advantages has animated me in all this work, though 
I hope, for the sake of the continuance of my labors, that these will soon follow, 
naturally, as a compensation for valuable services rendered to science and industry. 
To the scientific experts, who are familiar, in theory and experiment, with electri
cal vibrations, the results here shown will, I believe, speak in eloquent language. 
But those readers to whom they are naturally less intelligible will ask: What are 
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FIG . l - LIGHTING A DISCONNECTED VACUUM BULB 
OF 1 , 500 CANDLE POWER BY HIGH- FREQUENCY 
CURRENTS - PHOTOGRAPH TAKEN BY THE LIGHT OF 
THE BULB ITSELF , EXPOSURE ABOUT TWO SECONDS . 
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FIG . 2 - TABLE OF DIAGRAMS ILLUSTRATING THE EVOLUTION OF A HIGH-TENSION TRANSFORMER 
ENABLING THE PRODUCTION OF ELECTRO-MOTIVE FORCES OF MANY MILLIONS OF VOLTS. 
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FIG . 3 PHOTOGRA.PH SHOWING A PART OF THE LABORATORY, WITH A DISCONNECTED 
RESONATING COIL SUPPORTED ON AN INSULATING STAND , AND ILLUMINATED BY THE 
STREAMERS PRODUCED, OTHER COILS REMAINING UNAFFECTED - THE PRESSURE DEVELOPED 
IN THE RESONATING COIL IS OVER HALF A MILLION VOLTS. 

FIG. 4 - PHOTOGRAPH SHOWING AN INCAN
DESCENT LAMP LIGHTED BY A SYNCHRO
NIZED CIRCUIT COMPOSED OF A WIRE LOOP 
AND CONDENSER, AND ENERGIZED BY WAVES 
TRANSMITTED FROM A DISTANCE. 

FIG. 5 PHOTOGRAPH SHOWING AN INCAN-
DESCENT LAMP LIGHTED BY MEANS OF WAVES 
TRANSMITTED THROUGH SPACE TO A COIL WITH
OUT A CONDENSER. 
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FIG. 6 - EXPERIMENT ILLUSTRATING THE ACTION OF 
A SYNCHRONIZED CIRCUIT ENERGIZED BY WAVES 
TRANSMITTED FROM A DISTANT OSCILLATOR THE 
ENERGY RECEIVED IS TRANSFERRED UPON ANOTHER 
UNRESPONSIVE CIRCUIT, LIGHTING THE INCANDES
CENT LAMP ATTACHED TO THE SAME. 

FIG. 7 EXPERIMENT SHOWING A COIL ENER
GIZED BY THE WAVES OF A DISTANT OSCIL
LATOR AND ADJUSTED TO THE CAPACITY OF THE 
BODY OF THE OPERATOR, WHO PRESERVES HIM
SELF FROM INJURY BY MAINTAINING A POSI
TION AT THE NODAL POINT, WHERE THE INTENSE 
VIBRATION IS LITTLE FELT - THE PRESSURE ON 
THE END OF THE COIL TOWARDS 
WHICH IS ILLUMINATED BY 

THE READER, 
THE POWERFUL 

STREAMERS , IS NEARLY HALF A MILLION VOLTS . 

FIG. 8 - PHOTOGRAPH OF THE EXPERIMENTER 
STANDING IN THE MIDDLE OF THE LABORATORY 
AND LIGHTING A VACUUM BULB BY WAVES FROM 
A DISTANT OSCILLATOR HIS BODY IS, IN 
THIS CASE, SUBJECTED TO GREAT ELECTRICAL 
PRESSURE. 



FIG. 10 - IN THIS EXPERIMENT THE. OPERA
TOR'S BODY IS CHARGED TO A GREAT PRES
SURE BY A DIRECT CONNECTION WITH AN 
OSCILLATOR THE PHOTOGRAPH SHOWS A 
SHEET OF TIN OF DETERMINED SIZE , HELD 
IN HAND - THE OPERATOR IS ON THE TOP OF 
A STATIONARY ELECTRICAL WAVE, AND THE 
BAR AND SHEET ARE BOTH ILLUMINATED BY 
THE VIOLENTLY AGITATED AIR SURROUNDING 
THEM ONE OF THE VACUUM TUBES GLOWS 
BRIGHTLY , BEING AFFECTED BY THE VIBRA
TIONS TRANSMITTED TO IT FROM THE OPER
ATOR ' S BODY. 

55 

FIG . 9 - THE OPERATOR ' S BODY , 
IN THIS EXPERIMENT, IS CHARG
ED TO A HIGH POTENTIAL BY 
MEANS OF A COIL RESPONSIVE TO 
THE WAVES TRANSMITTED TO IT 
FROM A DISTANT OSCILLATOR, 
AND A LONG GLASS TUBE WAVED 
IN THE HAND IS LIGHTED TO 
GREAT BRILLIANCE BY THE ELEC
TRICAL CHARGES CONVEYED TO IT 
THROUGH THE BODY. 
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FIG. 11 - PHOTOGRAPH OF AN ACTIVE TERMINAL OF AN IMPROVED OSCILLATOR, 
USED IN TESLA'S EXPERIMENTS FOR TRANSMITTING ELECTRICAL ENERGY TO 
GREAT DISTANCES WITHOUT WIRES - WIDTH OF ILLUMINATED SPACE IS 18 FEET
THE PRESSURE ON THE TERMINAL IS ABOUT EIGHT MILLION VOLTS. 

they good for, and what do they or have they demonstrated? To them it may be said 
that they have shown and proved among many other things: That ordinary currents 
can be transformed with high economy into el ectrical vibrations of any pitch, whi ch 
are needed in marry novel arts; they have shown that el ectri cal energy in great am
ounts can be efficiently and safely transmitted without the use of wires to any 
point of the globe, however distant ; they have furnished proof that the movements 
and operation of bodies and machinery carried by the same can be control led from a 
great distance without any t angibl e connection whatever and wi t h absolute precision; 
they have proved the practicability of a system of signaling without wires, not 
with the imperfect appli ances as before attempted~ which can not be tuned and are 
rendered useless by the pl ay of a small inducti on coil, but by means of apparatus 
producing powerful oscil l ations and circuits in exact synchroni sm, with whi ch it is 
impossibl e t o interfere; t hey have shown that atmospheric nitrogen can be readily 
combi ned and valuable products manufactured, merel y by the appli cation of cheap 
water power , and that light , diffusive l i ke that of t he sun, can be produced with 
an economy greater than obtainabl e in the usual ways and with lamps that never con
sume. 

N. Tes l a . 

New York, March 26, 1899 
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Capacity of Electrical Conductors is Variable. 

Not Constant, and Formulas Will Have to Be Rewritten - Capacity Varies With Abso
lute Height Above Sea Level, Relative Height From Earth and Distance From the Sun. 

Nikola Tesla announced yesterday another new discovery in electricity. This 
time it is a new law and by reason of it, Mr. Tesla ~sserts, a large part of tech
nical literature will have to be rewritten. Ever since anything has been known 
about electricity, scientific men have taken for granted that the capacity of an 
electrical conductor is constant. When Tesla was experimenting in Colorado he 
found out that this capacity is not constant - but variable. Then he determined to 
find out the law governing this phenomenon. He did so, and all this he explained 
to The Sun yesterday. Here is what he said: 

"Since many years scientific men engaged in the study of physics and electrical 
research have taken it for granted that certain quantities, entering continuously 
in their estimates and calculations, are fixed and unalterable. The exact deter
mination of these quantities being of particular importance in electrical vibra
tions, which are engrossing more and more the attention of experimenters all over 
the world, it seems to be important to acquaint others with some of my observations, 
whi ch have finally led me to the results now attracting universal attention. These 
observations, with which I have long been familiar, show that some of the quantities 
referred to are variable and that, owing to this, a large portion of the technical 
literature is defective . I shall endeavor to convey the knowledge of the facts I 
have discovered in plain language , devoid as much as possible of technicalities. 

11 lt is well known that an electric circuit compacts itself like a spring with a 
weight attached to it. Such a spring vibrates at a definite rate, which is deter
mined by two quantities, the pliability of the spring and the mass of the weight. 
Similarly an electric circuit vibrates, and its vi bration, too, is dependent on 
two quantities, designated as electrostatic capacity and inductance. The capacity 
of the electric circuit corresponds to t he pliability of the spring and the induct
ance to the mass of the weight. 

"Exa~tly as mechanics and engineers have taken it for granted that the pliability 
of the spring remains the same, no matter how it be placed or used, so electricians 
and physicists have assumed that the electrostatic capacity of a conducting body, 
say of a metallic sphere, which is frequently used in experiments, remains a fixed 
and unalterable quantity, and many scientific results of the greatest importance 
are dependent on this assumption. Now, I have discovered that this capacity is not 
fi xed and unalterab1e at a11 . On the contrary, it is susceptible to great changes, 
so that under certain conditions it may amount to many times its theoretical value, 
or may eventually be smaller. Inasmuch as every electrical conductor, besides pos
sessing an inductance, has also a certain amount of capacity, owing to the varia
tions of the latter, the inductance, too, is seemingly modified by the same causes 
that tend to modify the capacity. These facts I discovered some time before I gave 
a technical description of my system of energy transmission and telegraphy without 
wires, which, I believe, became first known through my Belg i an and British patents. 

"In this system, I then explained, that, in estimating the wave-length of the 
electrical vibration in the transmitting and receiving circuits, due regard must be 
had to the velocity with which the vibration is propagated through each of the cir
cuits, this velocity being given by the product of the wave-length and the number 
of vibrations per second. The rate of vibration being, however, as before stated, 
dependent on the capacity and inductance in each case, I obtained discordant values. 



58 

Continuing the investigation of this astonishing phenomenon I observed that the ca
pacity varied with the elevation of the conducting surface above the ground, and I 
soon ascertained the law of this variation. The capacity increased as the conduct
ing surface was elevated, in open space, from one-half to three-quarters of 1 per 
cent per foot of elevation. In buildings, however, or near large structures, this 
increase often amounted to 50 per cent per foot of elevation, and this alone will 
show to what extent many of the scientific· experiments recorded in technical liter
ature are erroneous. In determining the length of the coils or conductors such as 
I employ in my system of wireless telegraphy, for instance, the rule which I have 
given is, in view of the above, imp6rtant to observe. · 

"Far more interesting, however, for men of science is the fact I observed later, 
that the capacity undergoes an annual variation with a maximum in summer, and a 
minimum in winter. In Colorado, where I continued with improved methods of inves
tigations begun in New York, and where I found the rate of increase slightly great
er, I furthermore observed that there was a diurnal variation with a maximum~ 
during the night. Further, I found that sunlight causes a slight increase in capa
city. The moon· also produces an effect, but I do not attribute it to its light. 

"The importance of these observations will be better appreciated when it is sta
ted that owing to these changes of a· quantity supposed to be constant an electrical 
circuit does not vibrate at a uniform rate, but its rate is modified in accordance 
with the modifications of the capacity. Thus a circuit vibrates a little slower at 
an elevation than when at a lower level. An oscillating system, as used in teleg
raphy without wires, vibrates a little quicker when the ship gets into the harbor 
than when on open sea. Such a circuit oscillates quicker in the winter than in the 
summer, though it be at the same temperature, and a trifle quicker at night than in 
daytime, particularly if the sun is shining . 

11Taking together the results of my investigations I find that this variation of 
the capacity and consequently of the vibration period is evi dently dependent, first, 
on the absolute height above sea level, though in a smaller degree; second, on the 
relative height of the conducting surface or capacity with respect to the bodies 
surrounding it; third, on the distance of the earth from the sun, and fourth, on 
the relative change of the circuit with respect to the sun, caused by the diurnal 
rotation of the earth . These facts may be of particular interest to meteorologists 
and astronomers, inasmuch as practical methods of inquiry may result from these ob
servations, which may be useful in their respective fields. It is probable that we 
shall perfect instruments for indicating the altitude of a place by means of a cir
cuit, properly constructed and arranged, and I have thought of a number of other 
uses to which this principle may be put. 

"It was in the course of investigations of this kind in Colorado that I first 
noted certain variations in electrical systems arranged in peculiar ways. These 
variations I first discovered by calculating over the results I had previously no
ted, and it was only subsequently that I actually perceived them. It will thus be 
clear that some who have ventured to attribute the phenomena I have observed to or
dinary atmospheric disturbances have made a hasty conclusion . .. 
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Nikola Tesla has given to The New York Sun an authorized statement concerning 
his new experi~ents on the production of light without the aid of wires. Mr. Tesla 
says: 

"This light is the result of continuous efforts since my early experimental dem
onstrations before scientific societies here and abroad. In order to make it suit
able for commercial use, I had to overcome great difficulties. One of these was to 
produce from ordinary currents of supply electrical oscillations of enormous rapid
ity in a simple and economical manner. This, I am glad to say, I have now accom
plished, and the results show that with this new form of light a higher economy is 
practicable than with the present illuminants. The light offers, besides, many 
specific advantages, not the least of which is found in its hygienic properties. 
It is, I believe, the closest approach to daylight which has yet been reached from 
any artificial source. 

"The lamps are glass tubes which may be bent in any ornamental way. I most gen
erally use a rectangular spiral, containing about twenty to twenty-five feet of 
tubing making some twelve to fourteen convolutions. The total illuminating surface 
of a lamp is from 300 to 400 square inches. The ends of the spiral tube are cover
ed with a metallic coating, and provided with hooks for hanging the lamp on the 
terminals of the source of oscillations. The tube contains gases rarefied to a 
certain degree, dete~mined in the course of long experimentation as being conduct
ive to the best results. 

"The process of light production is, according to my views, as follows: The 
street current is passed through a machine which is an electrical oscillator of 
peculiar construction and transforms the supply current, be it direct or alter
nating, into electrical oscillations of very high frequency. These oscillations, 
coming to the metallically-coated ends of the glass tube, produce in the interior 
corresponding electrical oscillations, which set the molecules and atoms of the 
inclosed rarefied gases into violent commotion, causing them to vibrate at enor
mous rates and emit those radiations which we know as light. The gases are not 
rendered incandescent in the ordinary sense, for if it were so, they would be hot, 
like an incandescent filament, As a matter of fact, there is very little heat 
noticeable, which speaks well for the economy of the light, since all heat would 
be loss. 

"This high economy results chiefly from three causes: First, from the high rate 
of the electrical oscillations; second, from the fact that the entire light-giving 
body, being a highly attenuated gas, is exposed and can throw out its radiations 
unimpeded, and, third, because of the smallness of the particles composing the 
light-giving body, in consequence of which they can be quickly thrown into a high 
rate of vibration, so that comparatively little energy is lost in the lower or 
heat vibrations. An important practical advantage is that the lamps need not be 
renewed li ke the ordinary ones, as there is nothing in them to consume. Some of 
these lamps I have had for years, and they are now in just as good a condition as 
they ever were. The i l luminating power of each of these lamps is, measured by the 
photometric method, about fifty candle power, but I can make them of any power de
sired, up to that of several arc lights. It is a remarkable feature of the light 
that during the day it can scarcely be seen, whereas at night the whole room is 

(Reprinted with permission. Copyright ~ 1901 by Scientific American. All 
rights reserved.) 
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brilliantly illuminated. When the eye becomes used to the light of these tubes, 
an ordinary incandescent lamp or gas burner produces a viol ent pain in the eye when 
it is turned on, showing in a striking manner to what a degree these concentrated 
sources of light which we now use are detrimental to the eye. 

"I have found that in almost all its actions the light produces the same effects 
as sunl i ght, and this makes me hopeful that its introduction into dwellings will 
have the effect of improving, in a measure now impossible to estimate, the hygienic 
conditions . Since sunlight is a very powerful curative agent, and since this light 
makes it poss ibl e to have sunlight, so to speak, of any desired intensity, day and 
night in our homes; it stands to reason that the development of germs will be check
ed and many diseases, as consumption, for instance, successfully combated by con
tinually expos ing the patients to the rays of these lamps. I have ascertained un
mistakably that the light produces a soothing action on the nerves , which I attri
bute to the effect which it has upon the retina of t he eye . It also improves vision 
just exactly as the sunlight, and it ozonizes slightly the atmos~here . These effects 
can be regulated at will. For instance, in hospitals, where such a light is of par
amount importance, lamps may be designed which will produce just that quality of 
ozone which the physician may desire for the purification of the atmosphere, or if 
necessary, the ozone production can be stopped altogether. 

"The l amps are very cheap to manufacture, and by the fact that they need not be 
exchanged like ordinary lamps or burners they are rendered still less expensive. 
The chief consideration is, of course, in commercial introduction, the energy con
sumpti on. Whil e I am not yet prepared to give exact figures, I can say that, given 
a certain quantity of electrical energy from the mains, I can produce more light 
than can be _produced by the ordinary methods. In introducing this system of li ght
ing my transformer, or osci ll ator, will be usually located at some convenient place 
in the basement, and from there the transformed currents will be led as usual 
through the building. The l amps can be run with one wire alone, as I have shown in 
my early demonstrations, and in some cases I can dispense entirely with the wires. 
I hope that ultimately we shall get to this ideal form of illumination, and that we 
shall have in our rooms lamps which will be set aglow no matter where they are pl a
ced, just as an object is heated by heat rays emanating from a stove. The lamps 
will then be handled like kerosene lamps, with this difference, however, that the 
energy will be conveyed through space. The ultimate perfection of apparatus for 
the production of electrical oscillations wil l probably bring us to this great re
alization, and then we shall finally have the light without heat or 'cold 1 light. 
I have no difficulty now to illuminate the room with such wireless lamps, but a 
number of improvements must be made yet before it can be generally introduced." 
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Collier 's Week ly 
Feb. 9, 1901, pp. 4- 5 . 

TALKING WITH PLANETS - by Nikola Tesla 

Editor • s Not e. - Mr. Nikola Tesla has accomplished some marvelous results in 
electrical discoveries . Now, with the dawn of the new century, he announces an 
achi evement that will amaze the entire universe, and which eclipses the wildest 
dream of the most visiona.ry scientist. He has received aorrmuniaati on, he asserts, 
from out the great void of space; a cal l from inhabitants of Mars, or Venus, or 
some other sister planet! And, furthermore, noted scientists l i ke Sir Nonman 
Lockyer are disposed to agree with Mr. Tesla in his startling deductions. 

Mr. Tesla has not only discovered many important principles, but most of his 
inventions are in practical use; notably in the harnessing of the Titania forces 
of Niagara Falls, and the discovery of a new light by means of a vacuum tube. He 
has , he declares, solved the pr oblem of telegraphing without wires or artificial 
conductors of any sort, using the earth a s his medium. By means of this principle 
he expects to be able to send messages under the ocean, and to any distance on the 
earth ' s surface. Interplanetary communication has interested him for years, and 
he sees no reason why we should not soon be within talking distance of Mars or of 
all worlds in the solar system that may be tenanted by intelligent beings. 

At the request of COLLIER 'S v/EEKLY Mr. Tesla present herewith a f r ank s tatement 
of what he expects to accomplish and how he hopes to establish communication with 
the planets . 

The idea of communicating with the inhabitants of other worl ds is an old one. 
But for ages it has been regarded merely as a poet's dream, forever unreal izable. 
And yet, with the invention and perfection of t he telescope and the ever-widening 
knowledge of the heavens, its hold upon our imagi nation has been increased, and 
the sci entific achievements during the latter part of the nineteenth century, to
gether with the development of the tendency t oward the nature ideal of Goethe, have 
intensified it to such a degree that it seems as if it were destined to become the 
dominating i dea of the century that has j ust begun. The desire to know something 
of our· neighbors in the immense depths of space does not spring from idle curiosity 
nor from t hirst for knowledge, but from a deeper cause, and it is a feeling firmly 
rooted in the heart of every human being capabl e of thinking at all 4 

Whence, then, does it come? Who knows? Who can assign limits to the subtlety 
of nature's inf l uences?· Perhaps, if we coul d clearly perceive all the intri cate 
mechani sm of the glorious spectacle that i s cont inually unfolding before us, and 
cou ld, al so , trace this desire to its distant origin, we mi ght f ind it in the sor
rowful vibrations of the earth which began when it parted from its celestial parent. 

But in t his age of reason it is not astoni shing to find persons who scoff at the 
very thought of effecting communicati on with a pl anet. First of all, the argument 
is made that there is only a small probability of other pl anets being i nhabited at 
all. This argument has never appeal ed to me. In the sol ar system, there seem to 
be only two planets - Venus and Mars - capable of sustaining li fe such as ours; but 
this does not mean that t here might not be on all of them some other forms of life. 
Chemical processes may be mai ntai ned without t he aid of oxygen, and it i s still a 
question whether chemical processes are absolutely necessary fo r the sustenance of 
organized beings . My idea is that the devel opment of life must lead to forms of 
existence that will be possible without nourishment and which will not be shackled 
by consequent limitations. Why should a living being not be able t o obtain al l t he 
energy it needs for the performance of its life-functions from the environment, in
stead of through consumption of food, and transforming, by a complicated process , 
the energy of chemical combinations into li fe- susta i ning energy? 
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If there were such beings on one of the planets we should know next to nothing 
abo~t them. Nor is it necessary to go so far in our assumptions, for we can read
ily conceive that, in the same degree as the atmosphere diminishes in density, mois
ture disappears and the planet freezes up, organic life might also undergo corres
ponding modifications, leading finally to forms which, according to our present 
ideas of life, are impossible . I will readily admit, of course, that if there 
should be a sudden catastrophe of any kind all life process might be arrested; but 
if the changes, no matter how great, should be gradual, and occupied ages, so that 
the ultimate results could be intelligently foreseen, I cannot but think that reas
oning beings would still find means of existence. They would adapt themselves to 
their constantly changing environment. So I think it quite possible that in a fro
zen planet, such as our moon is supposed to be, intelligent beings may still dwell, 
in its interior, if not on its surface. 
SIGNALLING AT 1 ,000,000 MILES! 

Then it is contended that it is beyond human power and ingenuity to convey sig
nals to the almost inconceivable distances of fifty million or one hundred million 
miles. This might have been a valid argument formerly . It is not so now. Most 
of those who are enthusiastic upon the subject of interplanetary communication have 
reposed their faith in the light-ray as the best possible medium of such communi
cation. True, waves of light, owing to their immense rapidity of succession, can 
penetrate space more readily than waves less rapid, but a simple consideration will 
show that by their means an exchange of signals between this earth and its compan
ions in the solar system is, at least now, impossible. By way of illustration, let 
us suppose that a square mile of the earth's surface - the smallest area that might 
possibly be .within reach of the best telescopic vision of other world's - were cov
ered with incandescent 1amps, packed closely together so as to form, when illumi
nated, a continuous sheet of light. It would require not less than one hundred mil
lion horse power to light this area of lamps, and this is many times the amount of 
motive power now in the service of man throughout the world . 

But with the novel means, proposed by myself, I can readily demonstrate that, 
with an expenditure not exceeding two thousand horse-power, signals can be trans
mitted to a planet such as Mars with as much exactness and certitude as we now send 
messages by wire from New York to Philadelphia. These means are the result of long 
continued experiment and gradual improvement. 

Some ten years ago, I recognized the fact that to convey electric currents to a 
distance it was not at all necessary to employ a return wire, but that any amount 
of energy mi·ght be transmitted by using a single wire. I illustrated this principle 
by numerous experiments, which, at that time, excited considerable attention among 
scientific men . 

This being practically demonstrated, my next step was to use the earth itself as 
the medium for conducting the currents, thus dispensing with wires and all other 
artificial conductors. So I was led to the development of a system of energy trans
mission and of telegraphy without the use of wires, which I described in 1893. The 
difficulties I encountered at first in the transmission of currents through the 
earth were very great. At that time I had at hand only ordinary apparatus, which I 
found to be ineffective, and I concentrated my attention immediately upon perfect
ing machines for this special purpose. This work consumed a number of years, but I 
finally vanquished all difficulties and succeeded in producing a machine which, to 
explain its operation in plain language, resembled a pump in its action, drawing 
electricity from the earth and driving it back into the same at an enormous rate, 
thus creating ripples or disturbances which, spreading through the earth as through 
a wire, could be detected at great distances by carefully attuned receiving cir
cuits. In this manner I was able to transmit to a distance~ not only feeble effects 
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for purposes of signalling, but considerable amounts of energy, and later discover
ies I made convince me that I shall ultimately succeed in conveying power without 
wires, for industrial purposes, with high economy, and to any distance, however 
great. 
EXPERIMENTS IN COLORADO 

To develop these inventions further, I went to Colorado in 1899, where I contin
ued my investigations along these and other lines, one of which in particular I now 
consider of even greater importance than the transmission of power without wires. 
I constructed a laboratory in the neighborhood of Pike's Peak. The conditions in 
the pure air of the Colorado mountains proved extremely favorable for my experi
ments, and the results were most gratifying to me. I found that I could not only 
accomplish more work, physically and mentally, than I could in New York, but that 
electrical effects and changes were more readily and distincly perceived. A few 
years ago it was virtually impossible to produce electrical sparks twenty or thirty 
feet long; but I produced some more than one hundred feet in length, and this with
out difficulty. The rates of electrical movement involved in strong induction ap
paratus had measured but a few hundred horse-power, and I produced electrical move
ments of rates of one hundred and ten thousand horse-power. Prior to this, only 
insignificant electrical pressures were obtained, while I have reached fifty mi;llion 
volts . 

The accompanying illustrations, with their descriptive titles, taken from an ar
ticle I wrote for the "Century Magazine, .. may serve to convey an idea of the results 
I obtained in the directions indicated. 

Many persons in my own profession have wondered at them and have asked what I am 
trying to do. But the time is not far away now when the practical results of my 
1 abors wi 11 be p 1 aced before the world and their influence fe 1 t everywhere. One of 
the immediate consequences will be the transmission of messages without wires, over 
sea or land, to an immense distance. I have already demonstrated, by crucial tests, 
the practicability of signalling by my system from one to any other point of the 
globe, no matter how remote, and I shall soon convert the disbelievers. 

I have every reason for congratulating myself that throughout these experiments, 
many of which were exceedingly delicate and hazardous, neither myself nor any of my 
assistants received an injury. When working with these powerful electrical oscil
ations the most extraordinary phenomena take place at times. Owing to some inter
ference of the oscillations, veritable balls of fire are apt to leap out to a great 
distance, and if any one were within or near their path, he would be instantly de
stroyed. A machine such as I have used could easily kill, in an instant, three 
hundred thousand persons. I observed that the strain upon my assistants was tel
ling, and some of them could not endure the extreme tension of the nerves . But these 
perils are now entirely overcome, and the operation of such apparatus, however pow
erful, involves no risk whatever. 

As I was improving my machines for the production of intense electrical actions, 
I was also perfecting the means for observing feeble effects . One of the most in
teresting results, and also one of great practical importance, was the development 
of certain contrivances for indicating at a distance of many hundred miles an ap
proaching storm, its direction, speed and distance travelled . These appliances are 
lik·ely to be valuable in future meteorological observations and surveying, and will 
lend themselves particularly to many naval ~ses. 

It was in carrying on this work that for the first time I discovered those mys
terious effects which have elicited such unusual interest. I had perfected the ap
paratus referred to so far that from my laboratory in the Colorado mountains I could 
feel the pulse of the globe, as it were, noting every electrical change that occur
red within a radius of eleven hundred miles. 
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TERRIFIED BY SUCCESS 
I can never forget the first sensations I experienced when it dawned upon me 

that I had observed something possibly of incalculable consequences to mankind. 
I felt as though I were present at the birth of a new knowledge or the revelation 
of a great truth. Even now, at times, I can vividly recall the incident, and see 
my apparatus as though it were actually before me . My first observations posi'tiv
ely terrified me, as there was present in them something mysterious, not to say 
supernatural, and I was alone in my laboratory at night; but at that time the idea 
of these disturbances being intelligently controlled signals did not yet present 
itself to me. · 

The changes I noted were taking place periodically, and with such a clear sug
gestion of number and order that they we·re not traceable to any cause then known to 
me. I was familiar, of course, with such electrical disturbances as are produced 
by the sun, Aurora Borealis and earth currents, and I was as sure as I could be of 
any fact that these variations were due to none of these causes. The nature of my 
experiments precluded the possibility of the changes being produced by atmospheric 
disturbances, as has been rashly asserted by some. It was some time afterward when 
the thought flashed upon my mind ~hat the disturbances I had observed might be due 
to an intelligent control. Although I could not decipher their meaning, it was im
possible for me to think of them as having been entirely accidental. The feeling 
is constantly growing on me that I had been the first to hear the greeting of one 
planet to another . A purpose was behind these electrical signals; and it was with 
thi s conviction that I announced to the Red Cross Society, when it asked me to indi
cate one of the great possible achievements of the next hundred years, that it 
would probably be the confirmation and interpretation of this planetary challenge 
to us. 

Since my return to New York more urgent work has consumed all my attention; but 
I have never ceased to think of those experiences and of the observations made· in 
Colorado. I am constantly endeavoring to improve and perfect my apparatus, and just 
as soon as practicable I shall again take up the thread of my investigations at the 
point where I have been forced to lay it down for a time. 
COMMUNICATING WITH THE MARTIANS 

At the present stage of progress, there would be no insurmountable obstacle in 
constructing a machine capable of conveying a message to Mars, nor would there be 
any great difficulty in recording signals transmitted to us by the inhabitants of 
that planet, if they be skilled electricians. Communication once established, even 
in the simplest way, as by a mere interchange of numbers, the progress toward more 
intelligible· corrmunication would be rapid. Absolute certitude as to the receipt 
and interchange of messages would be reached as soon as we could respond with the 
number "four," say, in reply to the signal "one, two, three." The Martians, or the 
inhabitants of whatever planet had signalled to us, would understand at once that 
we had caught their message across the gulf of space and had sent back a response. 
To convey a knowledge of form by such means is, while very difficult, not impos
sible, and I have already found a way of doing it . . 

What a tremendous stir this would make in the world! How soon will it come? 
For that it will some time be accomplished must be clear to every thoughtful being. 

Something, at least, science has gained. But I hope that it will also be demon
strated soon that in my experiments in t he West I was not merely beholding a vision, 
but had caught sight of a great and profound truth. 



65 

VIEW OF THE ESSENTIAL PARTS OF THE ELECTRICAL 
OSCILLATOR USED IN THE EXPERIMENTS DESCRIBED. 

EXPERIMENT TO ILLUSTRATE THE CAPACITY OF THE OSCILLATOR 
FOR PRODUCING ELECTRICAL EXPLOSIONS OF GREAT POWER. 
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STARTLING PREDICTION OF THE WORLD'S GREATEST LIVING SCIENTIST IN AN ARTICLE 
WRITTEN FOR THE SUNDAY NORTH AMERICAN 

Lord Kelvin's article containing the astonishing prophecy that windmills will 
furnish the future power of the world was written expressly for the Sunday North 
American duri'ng his recent visit to the United States. It is the only article that 
came from his pen while he was in America. Emanating from a less famous source the 
prediction that one day the earth will return to its most· primitive motive power 
would be received with little less than ridicule. In view of the fac t that Lord 
Kelvin is beyond question the greatest scientific authority, as is shown by the rev
erence with which he was received by American savants, his opinion in this matter 
is of the utmost importance to the world at large . 

In discussing the subject with a reporter for the Sunday North American, Lord 
Kelvin asserted that from the present outlook the windmill will be the only source 
of motive power to which man will be able to turn once the supply of coal is ex
hausted . Storehouses of power, such as Niagara Falls, he said, appear, upon their 
face, to be enormous, but when the tremendous amount of energy required to move the 
wheels of the earth's energy is considered, they sink into insignificance. Once 
the coal fields are stripped of their precious contents, he stated, efforts will 
doubtless be made to raise at least a partial supply of fuel upon the farms of the 
land. This is not so unreasonable as at first it seems . The farmers in Iowa and 
Nebraska, where coal is scarce and very expensive, are even now burning their excess 
of corn as fuel. The supply from this source, wil l , as Lord Kelvin points out, 
necessarily ·be very limited, as years go by and the population of the world increas
es. The supply of air, however, is inexhaustible and Lord Kelvin believes man will 
be obliged to have recourse to it as a motive power, just as he did hundreds of 
years ago. 

Commenting on the motive power of the future, Nikola Tesla, the electrical scien
tist, agrees with Lord Kelvin that the world must one day fall back upon the force 
of the wind. Thomas A. Edison, who in addition to being the world's greatest elec
trician is a man of varied achievements, admits that one day the fuel supply will be 
exhausted. Thi s day he believes will be exceedingly remote, estimating that the 
South American forests alone could provide fuel, in wood, for fifty thousand years. 
When the last bit of fuel has been consumed, the wind may be utilized in generating 
electricity which will turn a good portion of the world's machinery. It is suggest
ed by Professor Langley, in speaking of Lord Kelvin's prophecy, that the sun may one 
day share with the wind in furnishing power, if indeed it does not do all the work. 
Admiral Bradford, who has been busy for the past few years locating sites for United 
States coaling stations at the four corners of the earth, takes the most optimisitic 
view of all. He believes that when the coal supply is exhausted some other means of 
furnishing motive power equally good will be found to take its place, and that the 
world will not be seriously affected. 
WINDMILLS MUST BE THE FUTURE SOURCE OF POWER - by Lord Kelvin 
(The only article written by Lord Kelvin during his recent visit to the United 
States) 

To predict that the world's industrial progress will one day be halted and then 
rolled back in primitive methods is not a very daring prophecy when the conditions 
are studied closely. 

Coal is king of the industrial world. The king's reign is limited. Sooner or 
later, it has been estimated that the world's supply of coal will have been exhaus
ted. The commission appointed to inquire into the all -important matter in Great 
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Britain has even said that a few hundred years at the outside will see the last 
basket of coal taken from the mines of England. In other quarters the supply is 
rapidly diminishing. 

The enormous amount of coal required to run our great ocean steamships, our lev
iathans of the deep, and the innumerable factories of our cities is making such 
inroads upon the available store that nature cannot forever supply the demand. 
When all the coal of the earth is used, what then? 

Perplexed humanity confronted with the possibility of its industrial machinery 
being stopped for want of power, will be forced to turn from earth to air. In the 
world there is to be found a force that has stood man in good stead from time immem
orial. Long before the days of the steam engine or the ocean liners, ships were 
wafted from shore to shore by means of the force that lurks in the air. The time 
wi ll come, unless man's ingenuity devises some means of replacing the exhausted 
coal supply with a fuel that will be equally efficacious -when the swtft steaming 
greyhounds of the oceans will be dry-docked and their vitals torn out. Then the 
lightened ships will be fitted with the masts and sails of the old sailing days, 
and once more t he seas will be dotted with vessels propelled by the method that is 
at present in decline. The day upon which the last shovelful of coal is taken from 
the bowels of the earth will mark the passing of the magnificent battleship, the 
swift cruiser and the torpedo boat . The navi es of the nations will perish in a day 
for want of life-giving fire in the furnace rooms. In their place will arise white
winged fleets depending alone on their sailing power , as in the days of Nelson; the 
question of which ocean liner can cut down time of the passage from New York to 
Liverpool will no longer interest voyagers, for the trip will depend, as of old, 
on the favorable winds and the sailing capacity of the ship. 

On land the effect of the exhaustion of the coal supply will be even more marked 
than on sea. Every building could be supplied with its own windmill, to use the 
motive power that wanders where it listeth on its roof top to turn wheels that will 
lift its elevators, generate electricity for its machinery, pump its water supply 
and do all that coal now makes possible in the machine room; sails on our factories, 
sails on our mills and in our shipyards to catch the slightest breath that blows and 
turn it into a means of moving the wheels of progress; wind power utilized every
where as the servant of man, free for every one, working silently as a great force 
while the world sleeps. Possibly the exhaustion of the coal supply of the earth 
may turn out to be something of a blessing when it is considered how difficult and 
dangerous it is to wrest from the ground the hidden resources of nature for use as 
fuel, and how natural and easy it is to make the power of wind do the work now done 
by coal. 

Then, in the great land changes of the 
tion planted especial ly to serve as fuel. 
reservation where the family fuel will be 
cultivation of fuel. 

coalless age I see vast fields of vegeta
Each agriculturist will have his own 

grown; a new industry will be born - the 

Water power will be largely useful, but the power to be derived from this source 
is not very great. Niagara is a vast force to look at, but measured in the horse
power it is not so tremendous. The tides cannot furnish any power worth speaking 
of; firewood must do much more. 
ACHIEVEMENTS THAT HAVE MADE LORD KELVIN FAMOUS 
He Established the Doctrine of the Conservation of Energy. 
His Siphon Recorder Made Transatlantic Telegraphy Feasible
Business Man and Able Politician 

It is not exaggeration to say that no living scientist ranks higher than Lord 
Kelvin. His fame is world-wide. The savants of all countries recognize in him the 
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greatest of physicists, and the rare combinations of an abstruse thinker and a 
practical inventor. 

Merely to mention a few of the directions in which he has achieved success is to 
show the extraordinary activity that has marked his career. 

His fame as an electrician almost equals his eminence as a physicist . _ He is 
an unequaled mathematician, the inventor of a hundred valuable devices which are in 
daily use, a great teacher, an expounder of popular science, and a clever and suc
cessful politician. 

What he has done in any one of these lines would suffice to make a proud reputa
tion, and in addition he has found time to be a keen business man and to build up a 
considerable fortune. 

And all this is the achievement of a man who started poor and had his own way 
to make practically without assistance. 

Kelvin, then plain William Thomson, first became noted for the part he played 
in the invention and installation of the Atlantic cable. 

This was in 1857 . The greatest obstacle which had to be overcome before the 
system could be established was a certain sluggishness in the flow of the current 
which had the effect of making the message almost inaudible. Thomson promptly 
remedied this defect, and then set himself to the discovery of an instrument for 
taking down cable messages. 

The result was the "siphon recorder••, which is still in use throughout the world 
in all ocean telegraphy. With it as many as 130 words per minute have been sent, 
where two or three were formerly the rul e. 

Along the same line Kelvin also invented numerous instruments for measuring both 
strong and feeble currents. For his work in connection with the cable Thomson was 
knighted. Twenty-five years later, in 1892, he was elevated to the peerage as 
Lord Kelvin. 

Even before his great success with the cable the young inventor had been recog
nized as a scientist of exceptional attainments. It is a fact, indeed, that he be
gan doing great things when little more than a boy. 

His chair as professor of natural philosophy at Glasgow he won when only 22 years 
of age. The attention of English scholars had been drawn to him at that time be
cause of his mathematical prowess - he won ten prizes and wrote many important pa
pers while at Cambridge. 

For fifty-three years he held his chair at Glasgow, and the passing of the half 
century was signalized by a celebration in which the scientists of practically the 
whole world took part. It was a great spontaneous demonstration entirely without 
precedent or parallel. 

The distinctive feature of Lord Kelvin's activities, the keynote to his career, 
so to speak, is his power of combining the abstract with the practical. Although 
a profound thinker and scholar, to whom the most advanced lines of human research 
are as simple as the alphabet to the ordinary layman, he has been the inventor of 
a legion of the little things that men need in their everyday lives. Not only has 
he dealt in theory, but he has done things. 

His various measuring and testing devices have kept a firm of instrument makers 
in Glasgow busy for years. 

Among these, probably the best known is his magnetic compass for the use of mar
iners. This was such a radical improvement on any existing instrument that it dis
places the others, and still remains a factor of incalculable value in securing the 
safety of ocean travel. 
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Another important invention much used on ships is a deep-sea sounding apparatus, 
which permits what previously had never even been dreamed of, the taking of sound
ings in 100 fathoms from a ship running 16 knots. 

Many of Lord Kelvin's researches have dealt with the doctrine of the conservation 
of energy. He was, indeed, one of the six or eight men, who, living in different 
countries and working in entire independence of each other, simultaneously estab
lished this important theory. Another subject which he has made a specialty, is the 
age of the earth, and his controversies with the extravagant claims of the geolo
gists are renowned. 

The present theory of the ether, the light-bearing, electricity-carrying some
thing which fills all space, has been in large part his creation, and his famous 
idea that what we call matter is merely vortices or whirlpools in thi s ether may be 
regarded as one of the most far-reaching speculations in modern physics. The mech
anical principle by which we obtain liquid air - that a compressed gas expanding 
freely, without doing work, cools slightly more than the theory demands - is a dis
covery Kelvin made in conjunction with his friend Joule. 

So great an authority has Lord Kelvin become on all matters dealing with either 
speculative or practical science that in England he is called upon to pass on the 
practicability of almost every important scientific proposition that comes up for 
discussion . 

His laboratory contains the best equipment in the world for making tests. The 
first storage batteries imported into England from France were sent to him for a 
verdict. When American capitalists conceived the plan of utilizing the power of 
Niagara Falls for commercial purposes and of transmitting it for distances, it was 
Lord Kelvin whom they placed at the head of the committee of experts which passed 
on the original plans . 

Lord Kelvin's achievements as physicist, electrician and inventor would have 
made at least three eminent reputations. His marvelous works have not only been 
recognized by Great Britain, but nearly all the nations of Europe have showered 
their honors upon him. He is a member of the Prussian Order pour le Merite, grand 
officer of the Legion of Honor of France, commander of the Order of King Leopold of 
Belgium, order of the first class of Sacred Treasure of Japan, foreign associate of 
the Berlin Academy of Science, president of the Royal Society of England and many 
others. Fifteen universities have conferred on him the honor of their degrees. 
EDISON, TESLA, ADMIRAL BRADFORD AND PROF. LANGLEY DISCUSS FROM THEIR POINTS OF VIEW 
HIS AMAZING PROPHECY 
TESLA THINKS WIND POWER SHOULD BE USED MORE NOW - by Nikola Tesla 

The power of the wind has been overlooked. Some day it will be forcibly brought 
to the position it deserves through the need of a substitute for the present method 
of generating power. Given a good breeze, I have estimated that there is as much 
as half a horse-power to every square foot of area exposed. Imagine what energy is 
left unused with all this force at hand. 

The contrivance that has been at the disposal of mankind from all time, the wind
mill, is now seen in the rural districts only. The popular mind cannot grasp the 
power there is i n the wind. Many a deluded inventor has spent years of his life in 
endeavoring to harness the tides, and some have even proposed to compress air by 
tide or wave power for supplying energy, never understanding the signs of the old 
windmill on the hill as it sorrowfully waves its arms about and bids them stop . 

The fact is that the wave or tide motor would have but small chance of competing 
commercially with the windmill~ which is by far the better machine, allowing a much 
greater amount of energy to be obtained in a simpler way. 
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Wind power has been in all times of inestimable value to man, if for nothing 
else than for enabling him to cross the seas, and it is even now a very important 
factor in transportation. But there are limitations in this simple method of util
izing the sun's energy. The machines are large for a given output and the power is 
intermittent, thus necessitating a storage of energy and increasing the cost of the 
plant. But there is no question as to its usefulness as a substitute for the energy 
derived from fuel, and the fact that this power is literally as free as air makes it 
a wonderful factor in the future of the world of industry. 

Apart from the views expressed by Lord Kelvin regarding the future, when the coal 
supply shall have been exhausted, there is need of more attention being paid to it 
in the present day. 

The man who cannot afford to have a furnace in his house may have a windmill on 
the roof. In this labor-saving age it is astonishing that farmers are the only cit
izens who call the wind ·t heir friend. Dwellers in cities toil up and down stairs 
hauling and carrying while above them is a good-natured giant who can do all this 
work for them if they will but force him into service. Why wait for the coal sup
ply of the earth to be exhausted before enlisting the aid of this vast aerial 
force? 

The power to run elevators, pump water to roof tanks, cool houses in the summer 
and heat them in the winter is above us, at any one's beck and call. 

A little ingenuity will enable any householder to harness the wind and leave it 
to do the work that he has considered part of the curse of Adam. 
SUN'S RAYS WI LL BE HARNESSED, SUGGESTS PROFESSOR LANGLEY ' - by ProfessorS. P. 
Langley, of · the Smithsonian Institution. 

Lord Kelvi n's suggestion of the return to wind as a motive power is pregnant of 
suggestion . 

The problem is one that must engage the scientific mind until pressure of circum
stances forces a solution . But, at the same time, while I do not wish to place my
self in the position of flatly contradicting so eminent a thinker and student as his 
Lordship, I feel that his solution of the problem is but partial at the best, and 
that the true substitute for coal will be found in another direction. 

The power that exists in the sun's rays will, in all probability, be the force 
that will drive the wheels of factories and propel ships and railroads. The tremen
dous energy that is stored in these rays has long been known to science and several 
practical attempts have been made to uti l ize them. As I have already pointed out in 
my work, "The New Economy," the idea is beginning to pass into the region of the 
practical utility, and is the form of the latest achievement of Mr. Ericsson 1

S ever 
young genius is ready for actual work on an economical scale . His new solar engine, 
which there is every reason to believe is more efficient than Mouchot's would prob
ably be capable of economical use for pumping water in the desert regions of our own 
country. We must consider the growing demand for power in the world and the fact 
that its stock of coal, though vast, is strictly limited in the sense that when it 
is gone we can get absolutely no more. The sun has been making a little every day 
for millions of years - so little and for so long that it is as though time had 
daily dripped a single penny into the bank for our credit for untold ages, until 
an enormous fund had been thus slowly accumulated in our favor. We are now drawing 
on this fund like a prodigal who thinks his means endless , but the day will come 
when our check will no longer be honored, and what shall we do then? 

The exhaustion of some of the coal beds is an affair of the immediate future, by 
comparison with the vast period of time we have been speaking of. The English coal 
beds, it is asserted, will be quite used up in about three hundred years more . 
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Three hundred years ago the sun, looking down on the England of our forefathers, 
saw a fair land of green woods and quiet waters, a land unvexed with noisier machin
ery than the spinning wheel. Because of the coal which has been dug from its soil, 
he sees it now soot-blackened, furrowed with railway cuttings, covered with noisy 
manufactori e·s, fi 11 ed with grimy operatives, whi 1 e the island shakes ·with the throb 
of coal-driven engines, and its once quiet waters are churned by the wheels of 
steamships . Many generations of men have passed to make the England of Elizabeth 
into the England of King Edward, but what a brief moment this is compared with the 
vast lapse of ages during which the coal was being stored! What a moment in the 
life of the 11 all-beho1ding sun 11

, who in a few hundred years may send his beams 
through rents in the ivy-grown walls of deserted factories, upon silent engines 
brown with rust, while the mill hand has gone to other lands, the rivers are clean 
again, the harbors show only white sails and England's 11 black country 11 is green 
once more! To America, too, such a time may come, though at a more distant date. 

Future ages may see the seat of empire transferred to regions of the earth now 
barren and desolated under intense solar heat - countries which, for that very 
cause, will not improbably become the seat of mechanical and hence of political 
power. 

Whoever finds the way to make industrially useful, the vast sun power now wast
ed on the deserts of North Africa or the shores of the Red Sea will effect a great
er change in men's affairs than any conqueror in history has done. He will once 
more people those waste places with the life that swarmed there in the best days of 
Carthage and of old Egypt, but under another civilization, where man no longer shall 
worship the sun as a god, but shall have learned to make it his servant. 
EDISON PUTS OFF THE EVIL DAY FOR MORE THAN 50,000 YEARS - by Thomas A. Edison 

I cannot altogether agree with Lord Kelvin as to the nearness of time when the 
fuel supply of the world will be exhausted. 

There is wood enough in the forests of South America to supply the world with 
fuel for 50 ,000 years . Wood as fuel takes up more space than coal, but it must be 
remembered that we are constantly economizing on the amount of fuel necessary to do 
a given amount of work. The quantity of fuel used to run a locomotive is being re
duced as the machine is perfected and the engineers learn to make the coal box smal
ler without reducing the speed of the engine. By the time the coal supply is ex
hausted it may be possible to burn wood with equally good results. 

A windmill is a big cumbersome thing and I cannot think it possible that progres
sive men will settle down contented to go back to this primitive method of obtaining 
power. I have a windmill on my own property, but I never thought it amounted to 
much, except for pumping water. Wind power, as every schoolboy knows, can be used 
for generating electricity, but the horsepower thus obtained would not be adequate 
to the demands of this bustling age . 

. Additional energy could be obtained by ships at sea from the motion of the vessel 
being utilized as a generative agent. While the ship moves through the water, pro
pelled by the force of the wind on its sails, the wave power could be caught up and 
turned into a means of providing electricity. Then, too, seamen will probably ex
plain that the wind that drives a ship is not the only force to be obtained from the 
air. There are aerial currents that can be made use of by means of appropriate ap
pl i ances for catching their force. 
MAN'S WIT WILL SOLVE THE PROBLEM- by Rear Admiral R. B. Bradford 
Rear Apmiral R. B. Bradford, chief of the Bureau of Equipment, at Washington, re
gards the question of the future motive power from an extremely practical stand
point. 
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11 Lord Kelvin," he said, 11 iS a scientist, a great scientist, but I think he is 
borrowing trouble. The problem that is before us now is not what the motive power 
will be two hundred or three hundred years from to-day. It is how best may we con
serve the energy we have already stored away in coal. The supply of this article is 
strictly limited, and its consumption is increasing in almost arithmetical ratio. 

11 Unl ess some force is discovered to replace it, we wi 1l soon be at the end of 
our resources. But it is also true that unless something is discovered to take the 
place of coal and steam, we shall be compelled to fall back in the end upon the two 
great forces of nature - the sun's rays and the wind. Both of these can be utilized 
to generate power, but the trouble with both is that they are variable. 

11 Power cannot, of course, be generated from the sun's rays at night, nor on a 
cloudy day, and we have periods of calm, when the wind is scarcely perceptible. 

11 0n the other hand' to say what the power of the future wi 11 be is pure specu
lation and prophecy. I am no seventh son of a seventh son, and do not care to go 
into the prophesying business. But fifty years before the discovery of the steam 
engine or the discovery of coal, who would have dared to predict the present mech
anical development of civilization? 

"Something of the same sort may occur during the next fifty years. Some ingen~ 
ious man may discover a force of nature that will entirely supersede steam. But 
this I can say, that unless such a discovery is made, the windmills will in time 
throw their arms to the breeze, and the solar engines will pump our water and drive 
our factories. 11 

Electrical "f.lorld and Engineer 
Feb. 6, 1904, p. 256. 

A STRIKING TESLA MANIFESTO 

We reprod~ce herewith in slightly reduced facsimile the first page of a four
page circular which has been issued this week by Mr. Nikola Tesla in a large square 
envelope bearing a large red wax seal with the initials, 11 N.T." At the back of the 
page which we reproduce is given a list of 93 patents issued in this country to Mr. 
Tesla. The fourth page is blank. The third page has a little vignette of Niagara 
Falls and is devoted to quotations from various utterances of Mr. Tesla. The first 
of these is from his lecture delivered in 1893 before the Franklin Institute and 
the National Electric Light Association, as to transmission of intelligible signals 
and power to any distance without the use of wires. The second quotation is from 
his article on the problem of increasing human energy, which appeared in the 
Century Magazine in June, 1900, dealing with virtually the same subject. The third 
item quotes from his patents, Nos. 645,576 and 649,621, dealing with the transmis
sion of electrical energy in any quantity to any distance, with transmitting and 
receiving apparatus movable as in ships or balloons. The circular is an extremely 
interesting one. It is most sumptuously got up on vellum paper and altogether con
stitutes a manifesto worthy of the original genius i ssuing it. It is to be gather
ed from the circular that Mr. Tesla proposes to enter the field of consulting engi
neership, in which he already has enjoyed an extensive connection here and abroad. 

Reprinted with permission. Reprinted from Feb. 6, 1904, issue of Electrical World. 
© Copyright 1904, McGraw-Hi 11 , Inc. A 11 rights reserved. 
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I wish to announce that in .:•mnection wtth the .:ommerdal inttoductiOt\ of my invention$ I shall 
render profe!>:-ional ~cn•ices in !hr.! g-~ncral capacity of consulting electri(ian anJ cn):'incer. 
The nt:ar future . I t'X~'It!ct with conti,tencc. will be a witness of revolutionary dep:trtures in the 

rroJudion. transfom1ation :mJ transmission of energy. tran ·portation. li~htin~. manufacture of 
chemical .::ompounJs. telegraphy, telephony :tnd other arts and industries. 

In my opinion, theS<: advanU!s are certain to follow from the univasal adoption of high-poten
tial and high. frequetll:.v .:urrents and novel regenerative pro.::c:sses of rdri_gaation to very low 
temperatures. · 

Much of the old appar:ttu~ will have to bc- improved. :m.l nw.::h of the new developed, and I 
l'lt!lil·vc that while furtherin).!' m.v own inwntion:::. I ~hal! h~ mNe hdpful in thi~ evolution t>y placing 
;1t lht' dispos:tl of <.llhers the knl'wln lge :mJ experietKc I han• ~.tined . 

Srecial au.ention will tx given by me to the soMiou of problems r'l}uiring I'Oih (Xpcrt infor. 
m;llion and invt'ntive rc!!Ourct- work ~omin[.:' within the !'pherc of my constant training and 
rrt'Jilcction. . 

1 shall undertake the experinuntal inwstig:llion and pcrft'ction of ideas, methods and appli
ances. th.: d!!vising of useful apedients and. in particular, the design and construction of ma~hinery 
tcor the attainment of desired rc~ults. ·· 

Any task submitted to and accepted by me. will he c.arried out thoroughly and consdentiously. 

l.~or111ory, wn~: blu!,t, N. Y. 
Rn;dmn. Waldorf, Ne10• Yvrk Cit.v. 
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Nel;} York Sun 
November 27, 1904 
Letter from Nikola Tesla: 
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11My attention has been called to numerous comments on my letter, published in 
your issue of November 1, and relating to the electrical equipment of the newly 
opened catacomb in this city. Some of them are based on erroneous assumptions, 
which it is necessary for me to correct. 

11When I stated that my system was adopted, I did not mean that I originated 
every electrical appliance in the subway. For instance,.the one which that ill
fated electrician was repairing when he was killed, two days after the catacomb was 
ready for public use, was not invented by me. Nor was that other device on the 
sidetracked car, which, as will be remembered, caused the burning of two men. I 
also must deny any connection with that switch or contrivance which was responsible 
for the premature death of a man immediately afterward, as well as with that other, 
which cut short the life of his unfortunate successor. None of these funeral de
vices, I emphatically state, or any of the other which brought on collisions, delays 
and various troubles and were instrumental in the loss of arms and legs of several 
victims, are of my invention, nor do they form, in my opinion, necessary appurten
ances of an intelligently planned s~heme for the propulsion of cars. Referring to 
these contrivances, it is significant to read in some journals of the 8th inst. that 
a small firm failed because their bid was too low. This is indicative of keen com
petition and sharp cutting of prices, and does not seem in keeping with the munifi
cence claimed for the Interborough Company. 

11 ! merely intended to say in my letter that my system of power transmission with 
three-phase generators and synchronous motor converters was adopted in the subway, 
the same as on the elevated road. I devised it many years ago for the express pur
pose of meeting the varied wants of a general electrical distribution of light and 
power. It has been extensively introduced all over the world because of its great 
flexibility, and under such conditions of use has been found of great value. But the 
idea of employing in this great city's main artery, in a case presenting such rigid 
requirements, this flexible system, offering innumerable chances for breakdowns, 
accidents and injuries to life and property, is altogether too absurd to dignify it 
with any serious comment. Here only my multiphase system, with induction motors and 
closed coil armatures - apparatus unfailing in its operation and minimizing the dan
gers of travel - should have been installed. Nothing, not even ignorance, will pre
vent its ultimate adoption; and the sooner the change is made the better it will be 
for all concerned. Personally, I have no financial or other interest in the matter, 
except that as a long resident of this city I would have been glad to see my inven
tions properly used to the advantage of the community. Under the circumstances I 
must forego this gratification. 

11 The consequences of the unpardonable mistake of the Interborough Company are not 
confined to this first subway o~ even to this city. We are driven to travel under
ground. The elevated road is the eighth wonder, as colossal and imposing in the 
feature of public forbearance as the Pyramid of Cheops in its dimensions. Sooner or 
later all interurban railways must be transformed into subterranean. This will call 
for immense investments of capital, and if defective electrical apparatus is gener
ally adopted the damage to life and property will be incalculable, not to speak of 
inconvenience to the public. 

11 It seems proper to me to acknowledge on this occasion the painstaking sugges
tions of some friends of mine, mostly unknown to me, both in the large domain of 
electrical achievement and in the small sphere of my friendship, to again address 
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the Ameri-can Institute. It is customary with scientific men to present an original 
subject only once. I have done so and do not desire to depart from this establish
ed precedent. A lecture on the defects of the subway offers great opportunities, 
but would not be original. In view of certain insinuations I may cite a recently 
published statement of Mr. C. F. Scott, formerly president of the American Insti
tute: 'As a matter of history it is the Tesla principle and the Tesla system which 
have been the directing factors in modern electrical engineering practice. ' There 
are but a few men whose acknowledgment of my own work I would quote. Mr. Scott is 
one of them, as the man whose co-operation was most efficient in bringing about the 
great industrial revolution through these invention$. But the suggestions of my 
good friends have fallen on fruitful ground, and should it be possible for me to 
spare time and energy I may ask the city authorities for power to investigate the 
subway, and make a sworn report to them on a 11 the defects and defi ci enci es I may 
discover, in the interest of public welfare. 

11A few more words in relation to the signs. With all due respect to general 
opinion, I entertain quite a different view on that subject. Advertising is a use
ful art, which is being lifted continually to a higher plane, and will soon be quite 
respectable. It should not be hampered, but rather encouraged. I would give the 
Interborough Company every facility for exploiting it, restricting it only in so far 
as the artistic execution is concerned. A commission of capable men comprising a 
painter, a sculptor, an architect, a literary man, an engineer and an executive 
business man might be appointed, to pass upon the merits of the signs submitted for 
acceptance. I do not see why the public should object to them if they were regulated 
in this manner. They will further business, make travel less tedious,. and help many 
skillful artisans. The subways are bound to become municipal property, and the city 
will then derive a revenue from them, What is most important for the safety of life 
and property, quickness and security of travel, should be first considered. All 
this depends on the electrical equipment. The engineers have built a good tunnel, 
and proper apparatus should be installed to match it. 

Nikola Tesla 
New York, Nov. 26 



Manufacturers ' Record 
Dec. 29, 1904, p. 583. 
ELECTRIC AUTOS. 
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Ni(c)ola Tesla's View of the Future in Motive Power. 
(Special Cor. Manufacturers' Record.) 

New York, December 27 
In view of the great interest which is being taken in the articles published 

by the Manufacturers' Record and some of the magazines on the development of new 
power-producers, through the internal-combusion engine, for use for transporta
tion purposes both by land and sea, the following signed statement, made by Mr. 
Ni(c)ola Tesla after a discussion of a new type of auto-bus designed by Mr. 
Charles A. lieb, mechanical engineer of the Manhattan Transit Co., will doubtless 
be read with much general interest: 

New York, December 17 
Mr. Albert Phenis~ Special Correspondent Manufacturers' Record~ NeuJ York: 

Dear Sir - Replying to your inq·uiry of yesterday, the application of electric
ity to the propulsion of automobiles is certainly a rational idea. I am glad to 
know that Mr. Lieb has undertaken to put it into practice. His long experience 
with the General Electric Co. and other concerns must have excellently fitted 
him for the task . 

There is no doubt that a highly-successful machine can be produced on these 
lines. The field is inexhaustible, and this new type of automobile, introducing 
electricity between the prime mover and the wheels, has, in my opinion, a great 
future. 

I have myself for many years advocated this principle. Your will find in nu
merous technical publications statements made by me to this effect. In my art
icle in the Century, June, 1900, I said,. in dealing with the subject: 'Steamers 
and trains are still being propelled by the direct application of steam power to 
shafts or axles. A much greater percent age of the heat energy of the fuel could 
be transformed in motive energy by using, in place of the adopted marine engines 
and locomotives, dynamos driven by specially designed high~pressure steam or gas 
engines, by utilizing the electricity generated for the propulsion. A gain of 
50 to 100 percent, in the effective energy derived from the fuel could be secur
ed in this manner. It is difficult to understand why a fac t so plain and obvious 
is not receiving more attention from engineers. 

At first glance it may appear that to generate electricity by an engine and 
then apply the current to turn a wheel, instead of turning it by means of some 
mechanical connection with the engine, is a complicated and more or less waste
ful process. But it is not so; on the contrary, the use of electricity in this 
manner secures great practical advantages. It i s but a question of time when 
this idea will be extensively applied to railways and also to ocean liners, though 
in the latter case the conditions are not quite so favorable. How the railroad 
companies can persist in using the ordinary locomotive is a mystery. By provid
ing an engine generating electricity and operating with the current motors under 
the cars a train can be propelled with greater speed and more economically. In 
France this has already been done by Heilman, and although his machinery was not 
the best, the results he obtained were creditable and encouraging. I have calc
ulated that a notable gain in speed and economy can also be secured in ocean 



77 

liners, on which the improvement is particularly desirable for many reasons. It 
is very likely that in the near future oi l will be adopted as fuel, and that will 
make the new method of propulsion all the more commendable. The electric manu
facturing companies will scarcely be able to meet this new demand for generators 
and motors. 

In automobiles practically nothing has been done in this direction, and yet it 
would seem they offer the greatest opportunities for application of this principle. 
The question, however, is which motor to employ - the direct-current or my induct
ion motor . The former has certain preferences as regards the starting and regu
lation , but the conmUttators and brushes are very objectionable on an automobile. 
In view of this I woUtld advocate the use of the induction motor as an ideally sim
ple machine which can never get out of order. The conditions are excellent, in
asmuch as a very l ow frequency is practicable and more than three phases can be 
used. The regulation should offer little difficulty, and once an automobile on 
this novel plan i s produced its advantages will be readily appreciated. 

Yours very truly, 
N. Tesl a . 
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Eleatriaal Wo:t'ld and Engineera 
January 7, 1905, pp. 21-24 

The Transmission of Electrical Energy 'With-
out Wires As a Means for Furthering Peace. 

By NJKOLA TESLA. 

U NIVERSAL PEACE, assuming it to !be in the fullest sense 
realizable, might not require eons for its. accomplishment, 
however probable this may appear, judging from the imper· 

ceptibly slow growth of . all great reformatory ideas of the past. 
Man, as a mass in movement, is inseparable from sluggishness and 
persistence in his liCe manifestations, but it does not follow from this 
that any passing phase, or any permanent state of his existence, 
must nece'ssarily be attained through a slcitaclitic process· of develop
ment. 

Our accepted estimates of the duration of natural metamorphoses, 
or changes in general, have been thrown in doubt of late. The 
very foundations of science have been shaken. We can no longer 
believe in the Maxwellian hypothesis of transversal ether-un

. dulations and the literal truth of its corollaries. The practical 
utilization ·of electrical vibrations, this most important field of 
human endeavor, p(lrticularfy in the advancement of philanthropy· 
and peace, was in no small measure retarded by that fascinating 
illusion, which I since long hoped to dispel. I have noted with sat
isfaction the first signs of a change of scientific opinion. The brilliant 

·discovery of the exceptionally "radio-active" substances, radiium and 
polonium, by Mrs. Sklodowska Curie, has likewise afforded me 
m·uch personal gratification, being an eclatant confirmation of my 
early experimental demonstrations, of electrified radiant streams of 
primary matter or corpuscular emanations (Electrical Review, New 
Y;:>rk, t8¢-J897), which were then received with incredulity. They 
have awakened us from the poetical dream of an intangible con
veyor of energy, weightless, structureless ether, to the plain, pal
pable reality of a ponderous medium of coarse particles, or bodily 
carriers .of force.. They have led us to a radically new interpretation 
of the changes :md transformations we per·ceive. Enlightened by 
this recognition, we cannot say the sun is hot, the moon is cold, the 
star is bright, for all these might be purely electrical phenomena. 
If this be the case, then even our conceptions of time and space may 
have to be modified. 

So, too, as regards the organic world, a similar revolllltion of 
thought is distinctly observable. In biological and zoological re
search the bold ideas of Haen.sel have found support in recent dis
coveries. A heretic belief in such possibilities as the artificial pro
duction of simple living material aggregates, the spontaneous natural 
c;rcation of complex organi'ims and willful sex control, is gaining 
rround. We still brush it aside, but not with pedantic disdain as 
before. The fact is-our faith in the orthodox theory of slow evo
lution is being destroyed I 

Thus a state of human life vaguely defined by the term "Universal 
Peace," while a result of cumulative effort through centuries past, 
migh~ come into existence qHickly, not unlike a crystal suddenly 
forms in a solution which has been slowly pr·epared. But just as no 
effect can precede its cause, so this state can never be brouthl on by 
any pact between nations, however solemn. Experience is made be
fore· the law is formulated, both are related like cause and effect. 

Reprinted with permission. Reprinted from 
Jan. 7, 1905, issue of EleatPiaaZ World. 
© Copyright 1905, McGraw-Hi 11 , Inc. A 11 
rights reserved. 
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So long as we are clearly. conscious of the expectation, that peace i1 
to result from such a parliame11tary decision, so long have we a con• 
clusi\'e evidence that we are not fit for peace. Only then when we 
shall feel that such international meetings are mere formal pro· 
cedures, unnecessary except in so far as they might serve to give 
definite expression to a common desiroe, will peace be assured. 

To judge from current events we must be, as yet, very distant 
from. that blis'iful goal. It is true that we are proceeding tow:~rds it 
rapidly. There are abundant signs of this proaress everywhere. 
The race enmitie~ and prejudices are decidedly w:~ning. A recent 
act of His Excellency, the President of the United States, is .sig· 
nificant in this respect. We begin to think cosmicatly. Our sym· 
patlu:tic feelers reach out into the dim distance. The bacteria 
of the "Weltschmerz," are upon us. So far, however, univcr· 
sal harmony has been attained only in a single sphere of interna· 
ti•mal relationship. That is the postal service. Its mechanism is 
working satisfactorily, but-how remote are we still from that 
scrupulous re~pect of the sanctity of the mail bag I And how 
mucl1 farther again is the next milestone on the ro:ld to peace-an 
international judicial service equaJiy reliable as the postal! 

The coming meeting at the H::~gue, now indefinitely postponed, 
can only cvnsidc:r temporarY. expedient~. General dis:~rmament be· 
ing for the present entirely out of question, a proportionate reduc· 
tion might be recommended. The safety of any country and of the 
world's commerce depending not on the absolute, but relative amount 
of war material, this would be evidently the first reasonable step to 
take towards universal economy and peace. But it would be a hope· 
less task to establish an equitable basis of adjustment. Population, 
naval strength, force of army, commercial importance, water~power, 
or any other natural resource, actual or prospective, are equally un· 
satisfactory standards to consider. · 

In view of this difficulty a measure suggested by Carnegie might be 
adopted by a few strong countries to scare all the weaker ones into 
peace. But while for the time being such a course may seem advis~ 
able, the beneficial effects of this homreopathic treatment of the mar· 
tial dise:~se could hardly be lasting. In the first place, a coalition of 
the leading powers could not fail to create an organized opposition, 
which might result in a disaster all the greater as it was long de· 
£erred. The ultimate falling out of the virtuous, peace~dictating na· 
tions, as certain ·as the law of gravitation, should be all the more reck· 
oned with, as it would be extremely demoralizing. Again, it is by no 
means demonstrated that any combination of a few powers would 
have sufficient authority. 

To conquer by sheer force is becoming harder and harder every 
day. Defensive is getting continuously the advantage of offensive, 
as we progress in the satanic science of destruction. The new art 
of controlling electrically the movements and operations of indi· 
vidualized automata at a. distance without wires, will soon enable any 
country to render its coasts impregnable against all naval attacks. 
It is to be regretted, in . this connection, that my proposal to the 
United States Navy four years ago, to introduce this invention, did 
not receive' the least encouragement. Also that my offer to Secre· 
tary Long to establish telegraphic communication across the Pacific 
·ocean by my wireless system was thrown in the naval waste 
basket in Washington, quite sans fafOII. At that time I had already 
announced in the Cmtur:~ Magazint of June, 1900, my successful 
"girdling" of the giobe with electrical impulses (stationary waves), 
and my "telautomata" had been publicly exhibitf;d. But that was 
not the fault of the naval officials, for then these inventions of mine 
were decried as bald, visionary schemes, loudest indeed by those 
who have since become Crresuses of Promise-in "light" . storage 
batteries, "Ocean" telephony and "transatlantic" wireless telegraphy, 
yet remained to this day-Sisyph·uses of Attainment. Had only a 

. few "telautomatic" torpedoes been constructed and adopted by 
our navy, the mere moral influence of this would have been power· 
fully and most beneficially felt in the present Eastern complication. 
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Not to sp~ak of the advantages whic:h might have been scc:ured 
through th~ direct and instantaneous transmission of messages to 
our distant colonies and scenes of the present barbarous conflicts. 

· Since advancing that principle, I have invented a number of im· 
provem~nts, makinar it possible to direct such a torpedo, submersible 
at will; from a distance much gr eater than the range of the largest 
gun, with un~rrin& precision, ).lpon the object to be destroyed. 
What is still more surprising, the operator will not need to see the 
infernal engine or even know its location, and the enemy will be un· 
able to interfere, in the slightest, with its movements by any elec· 
trical m~ans. One of these devil-telautomata will soon be con· 

· structed, and I shall bring it to the attention of governments. The 
d~velopment of th.is art must unavoidably arr~st the constrcction of 
expensive battl~ships as w~Jl as land fortifications, and revolutioniz~ 
the means and methods of war fare. The distance at which it can 
strik~, and the destructive power of such a quasi-inttlli:~nt ma· 
chine being for all practical purposes unlimited, the gun, the armor 
of th~ b:~ttleship and the wall of the fortress, los~ th~ir import and 
significance. One can proph~sy with a Daniel's confid~nce that 
skill~d electricians will s~ttle th~ b:~ttl~s o! the n~ar !utur~. But 
this is the least. In its ~ff~ct upon war and peace, ~l~ctricity of. 
fers still much greater and more wond~rful possibilities. To stop 
war by the perfection of engines of d~struction alone, might consume 
centuries and centuri~s. Other means must be ~mployed to hasten 
the end. What are these to be ? L~t us consid~r. 

Fights between individuals, as well as governments and nations, 
invariably result from misu~d~rstandings in t he broad~st int~rpre· 
tation of this term. Misund~rstandings are always caused by the 
inability of appreciating one :tnother's point of view. T his ag:~in 
is due to the ignorilnce of those concern~d. not so much in their 
own, as in their mutual fi~Jds. Th~ peril of a cl3sh is aggravated by 
a more or less predominant seuse of combativeness, possessed by 
~v~ry human being. To r~sist this inherent fighting tend~ncy the 
best way is to dispel ignorance of the doing~ of others by a sys· 
tematic spr~:~d of general knowledge. \Vith this object in view, it 
is most important to aid ~xch:111ge of thought and intercourse. 

:Mutual understandins would be immensely facilitated by the usc 
oi one unh·ersal tongue. But which shall it be, is the great ques· 
tion. At present it looks as if the English might be adopted as 
such, though it must be admitted that it is not the most snitnblc. 
Each language, of course, excels in some feature. The English 
lends itself to a terse, forceful expression of facts. The French 
is precise and finely distinctiv~. The Italian is probably the most 
melodious and e:tsiest to learn. The Slavic tongues are very 
rich in sound but extremely difficult to master. Th~ German 
is un~qualed in the f3cility it offers for coining and com'bining 
words. A practical answer to that momentous qu~stion must 
perforce be found in times to come, for it is manifest that by 
adopting one common language the onward march of man would 
be prodigiously quickened. I do not believe t hat an art ificia.l con· 
coction, like Volapuk, will ever find univ~r531 acc~ptance, however 
time-saving it might be. That would be contrary to human na· 
ture. Languages have grown into our hearts. I rather look to the 
possibility of a rev~rsion to the old Latin or Greek mother tongues, 
basing myself in t.his conclusion on the Spenc~rian law of rhythm. 
It seems unfortunate that the English-speaking nations, who 
ar~ now fittest to r ule the world, whit~ endow~d with extraordi· 
nary en~rgy and practical intelligence, ar~ s ingularly wanting in 
linguistic talent. 

N ext to speech we must consider permanent r~cords of all kinds 
as a means for d isseminating general information, or that know!· 
cdg'e of mutual endeavor which is chiefly conducive to harmony. 
Here the newspap~rs play by Car the most important part. They 
ar~ undoubtedly more ~ffective than institutions of learning, li· 
braries, museums and individual correspondenc~. all combined. The 
knowl~dge th~y c<lnvey is, on the whol~. superficial ani sometimes 
defectiv~, but it is poured out in a mighty stream that reaches 
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far and wide. Disregarding the force of electrical invention, that 
of jo·umalism .is the greatest in urging us to peace. Our schools 
are instrumental, mainly, in the furtherance of special thorough 
knowledge in our own fields, which is destructive of concordance. 
A world composed of crass specialists only would be perpetually at 
war. The diffusion of general knowledge through libraries and sim
ilar sources of information is very slow. As to individual corre
spondence, it is principally useful as an indispensable ingredient 
of the .cement of commercial interest, that most powerful binding 
material between heterogeneous masses of humanity. . It would be 
hard to overestimate the beneficial influence of the marvelous and 
precise art of photography, nor can that of other arts o.r means of re
cording be ignored. But a simple reflection will show that the peatc
making force of all. permanent, printed or other records, resides 
not in themselves. It must be sought elsewhere. This is also true 
of speech. 

Our sen,ses enable us to perceive only a minute portion of the 
outside world. Our touch, taste 'and smell, require actual con
tact. Our hearing extends to a small distance. Our sight is imp•eded 
by intervening bodies and shadows. To know each other we must 
reach beyond the sphere of our sense perceptions. We must trans
mit our intelligenc·e, travel, transport the materials and transfer 
the energies necessary for our existence. Following this thou,ht 
we now realize, fordbly enough to dispense with argument, that of 
all other conquests of man, without exception, that which is most 
desirable, which would be most helpful in the establishment of 'uni
versal peaceful relations is-the complete ANN{HILATION OF 
DISTANCE. 

To achieve this wonder, electricity is the one and only means. 
Inestimable good has already been done by the use. of this all· 
powerful agent, the nature of which is' still a mystery. Our aston· 
ishment at what bas been accomplished would be uncontrollable 
were it not held in check by the expectation of greater miracles to 
come. That one, the greatest of all, can be viewed in three aspects: 
Disst:'mi~~t;rtion of intellige11Ce, transportation, and tro1umission of 
power. 

Reierring to the first, the present systems of telegraphic and 
telephonic communication arc very limited in scope. The conduct
ing channels are costly and of s.mall working capacity. There is 
serious inductive disturbance, and storms render the •enice unsafe 
which, moreover, .is too expensive: A vast improvement will be 
effected by placing the wires underground and insulating them 
artificially, by refrigeration. Their working capacity' also could be 
indefinitely augmented hy resorting to tllr m:w Jlrind (IIC <Jf "in
dividualization," which I h;1vc more recently ;mnrmucccl, permitting 
the simultaneous transmission of thousanrls of telegraphic and 
telephonic messages, without interference, over a single wire. The 
public would be already profiting from these great advances were 
it not for the stolid indifference of the -leading companies engaged 
in the transmission of intelligence. But ncw conccrn5 arc springing 
into existence and the near future will witness a great transformation 
along these two lines of invention. The submarine cables arc subject 
to still greater limitations. Some obstacles to rapid signaling, thr·ough 
them, seem insuperable. The attempts to overcome thc~e have Leen 
numerous, but so far all have proved futile. The celebrated mathe
matieian, 0. Hcavisidc, and several able electricians following in his 
footsteps, have fallen into the singular error that rapid telegraphy and 
even telephony through ocean cables wou!rl Lc made practicable by 
the u:sc of induction coils. Inductances might be to some extent help· 
ful on comparatively short linC!s with thick paper insulation; on loni 
lines insulated with rubber or gutta-percha they would be positively 
detrimental. Improvements will, undoubtedly, be made, but great 
electrostatic capacity and unavoidable Joss of energy in the insulation 

· and surroundin~ conductors will always restrict the usefulness of 
these delicate and precious nerves of commerce. Apart from all this, 
the transmission through artificial conductors is necessarily confined 
to a small number of stations. 
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It is therefore evident that the abolishmePit oi all these draw
backs by the conveyance of signals or messages without wires, 
as I have undertaken in my "world" telegraphy and telephony, 
will be of the greatest moment in the furtherance of peace. The 
unifying influence of this advance will be felt all the more. as it 
will not only completely annihilate distance, but also make it pos
sible to operate from a single "world" telegraphy plant, an un
limited number of receiving stations distributed all over the globe, 
and with equal facility, irresp.ective of location. Within a few 
years a simple and inexpensive device, readily carried abou.t, will 
enalble one to receive on land or sea the principal news, to hear a 
speech, a lecture, a song or play of a musical instrument, conveyed 
from any other region of the alobe. The invention will also meet 
the crying need for cheap transmission to great distances, more espe
cially over the.oce:ans. Tht small working capacity of the cabJ.es and 
the excessive cost of messages are now fatal impediments in the 
dissemination of intelligence which can only be removed ·by trans· 
mission without wires. 

The deficiencies of Hertzian telegraphy have created in the 
public mind the impression that exclusive or private messages 
without the use of artificial channels are impracticable. As a mat
ter of fact, nothing could be more erroneous. Ever since its first 
appearance irt I891, I havt; denied the commercial possibilities of the 
syste~ of signaling by Hertzian or electromagnetic waves, and my 
forecasts have been fully confirmed. It lends itself little to tuning, 
still less to the higher artifices of "individualization," and trans
mission to considerable distances is wholly out of the question. Por
tent·ous claims for this method of communication were made three 
years ago, but they have been unable to stand the hard, cruel test· 
of time. Moreover, I have recently learned through the leading 
British electrical journal (Eitctricia", London, February 27, 1903), 
that some experimenters have abandoned all their own and have. 
been "converted" to my methods and appliances, without my ap
proval and officiation. I was both astonished and pained-astonished 
at the nonchalance and lack of appreciation of these men, pained at 
the inability exhibited in the construction and use of my apparatus. 
My high hopes raised by that excellent journal,. howe\·er, are still to 
be realized, for I have ascertained that His Majesty the King or 
Encland, His Excellency the President of the United States, and 
other persons of exalted positions have, after all, not conferred upon 
me the imperishable honor of graciously condescending to the use 
of my coils, transformers and high-potential methods of transmis
sion·, but have exchanged their august greetings through the medium 
or a cable in the old-fashioned way. What has been actually achieved 
by Hertzian telegraphy can only be conjectured. 

Quite different conditions exist in my ~ystem in which the electro-
magnetic- waves or radiations are designedly n1inimized. the con

. nection . of one of· the terminals of the transmitting circuit to the 
·ground havin~. itself, the effect of reducing the energy of thue radia· 
tion.s to about one· half. Under observance of ·proper rules and arti· 
fices the distance is of little or no consequence, and by skiliCul appli
cation of the principle of '~individualization," repeatediy ref~rred to 
the messages may be rendered both non-interferin~ and non-int•rler
abk Thi:J invention, which I have described in teclntical pul.llica
tion:S, attcmptll to imitate, in a very crude way, the nervous system in 
the lmman body; h was the outco~c: of long-continued tests demon
strating the impossibility, of satisfying rigorous commercial require
llll"ltts by my earlier system·, based on 'simple tuning, in which the 
stlc..:ti\'e quality is depen'dent on·. a single ch:~racteristic .fe:~ture. In 
this l:ater improvement the exclusiveness :~nd non-interferability of 
impulses transmitted through a common channel result from co·
opcrati\'e association of a number of distinctive elements, and 
can be pushed as far as desired. In actual practice it is found 
that by combinina only two vibrations or tones, a derree of 
pri,·acy sufficient for most purposes is attained. When three vi-
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brations are combined, it is extremely difficult, even for a skilled 
expert, to read or to disturb signals not intended for him, with four 
it is a .. vain undertaking. The probability of his .getting the secret 
combinations at the ri1ht moments and in proper order, is much 
smaller .than that of drawing an ambo, terno or quaterno, respectively, 
in a lottery. From experimental facts, I conclude that the invention 
will permit the simultaneous transmission of several millions of 
separately distinguisJ,able messages through the earth, which, 
strangely enough, is in this respect much superior to an artificial 
conductor. This number ought to be sufficient to meet all the press· 
ing necessities of intelligence transmission for at least one century 
to come. It is important to observe that but one "world" telegraphy 
plant, such as I am now completing, will have a 1reater working 
capacity than all tlae ouan cables combined. Once these facts are 
recognized this new art, which I am inaugurating~ wilt sweep the 
world with the force of a uragan. 

In transportation a great change is now going on. The trolley 
lines are being extended, the steam locomotive is making place for 
the electric motor. The ocean liners are adopting the turbine. 
Land travel is being improved by the automobile. The waterfalls 
are being harnessed and the energy used in the propulsion of cars. 
The ad\·antages o! fir-st generating electricity by a prime mover, and 
then applying the current to produce mechanical motion, are be
ing more and more appreciated. To the majority,. this may appear 
a roun.dabout way of doing, but in reality it is as direet as the 
driving of a pulley from another by a belt. The idea is already being 
applied to railroads, and automobiles of this new type are making 

·their appearance. The ocean vessels are bound to follow •. An im
mense and virgin field will be thus opened up to the manufacturers 
of electric machinery. Effort towards saving time . and money 
is characteristic of all modern methods of transportation. In 
many of these new developments, .the artificial insulation of the 
high-tension mains by refrigeration will be very useful. Howe·ver 
paradoxical, it is true, that by the use of this invention, power for 
all industrial purpos.es can be transmitted to distances of many 
hundreds of miles, not only without any loss, but with appreciable 
gain of energy. This is due to the fact that the conductor is much 
colder than the surrounding medium. The operativeness of this 
meth'2d is restricted to the use of a gaseous refrigerant, no known 
liquid permitting the attainment of a sufficiently low temperature 
of the transmission Hne. Hydrogen is by far the best cooling agent 
to employ. By its use electric railways can be extended to any de
sired distance, Owin,g to the smallness o f ohmic Joss, the objec:tiqns 
to the multiphase system disappear and induction motors with closed 
coil armatures can Le adopted. I find that even transmission throt~gh 
a submarine cable, as from Sweden to England, of great amounts 
of pow,er is perfectly practicable. But the ideal solution of the prob
lem of transportation will be arr~ved ai only when the complete 
annihilation of distance in the transmission of power in large 
amounts shall have b·ecome a commercial reality. That day we sl1all 
in'fad.e the domain of the bird. Wl1en the vexing problem of aerial 

· na vi galion, which has defied his attc!OIJJIS for ages, is solved, man 
will advance with gia.nt strides. 
Th~t electrical ei1crgy can b~ economically transmitted without 

wir~s '-to <!ny terrestrial distance, I have unmistakably established 
11'1 numerous observations, experiments and n1easurements, qualita
ttve ;.nd qucnlltativc:.. These have demonstrated that it is .practic
aLlc to distriLute power from a central pl:ant in unlimited amount1, 
with a lr,ss not exceeding tJ small fraction of o11e per cent.· in the 
tran.lmissi~,n. even to the grentest distance, twelve thousand. milcs

·l" rbe opp0sitc end of the globe. This seemingly impossible feat 
can now be readily performed Ly any electrician familiar with the 
design and construction of my "high-potential m:agnifyin~ trans
mitter," 'the rn<J~t marveJQUI electrical apparatu~ of which I have 
kntJw)etll(<', enabling the production o£ effects of unlimited intensities 
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in th'e earth :md its ambiant atmosphere. It is, essentially, a freely 
vibrating secondary.circuit of definite length, very high self-induction 

·and. sm:lll.resistance, which has one of its terminals in intimate direct 
or inductive connection with the ground and the other with an ele
vated conductor, ~nd upon which the electrical oscillations of a pri
mary or exciting circuit are imprdsed under conditions of resonance. 
To give an idei of the e.apabilities of this wonderful appliance, I may 
state that I have obtained, by its means, spark discharges extending 

· through mor~ than one hundred feet and carrying currents of one 
thousand ampe~s. electromotive forces approximating twenty million 
volts, chemically active streamers covering areas of several thousand 
squart feet, and electrical disturbances in the natural media sur
tassi11f those caused by. lightning, in itensity. 

Whatever the future may bring, the universal application of these 
great principles is fully assured, though it may be long in com· 
ing. With the opening of the first power plant, incredulity will give 
way to wonderment, and this to ingratitude, as ever before. The 
time is not distant when the energy of falling water will be man's 
life energy. So far only about three million horse-power have 
been harnessed by my system of alternating-current transmission. 
This is .little, but corresponds, nevertheless, to the adding of sixty 
million indefatigable laborers, working virtually without food and 
pay, to the worll:i's population. The projects which have come to my 
own attention, however, contemplate the exploitation of water
powers anregiting something like one hundred and fifty million 
horse-power. Should they be carried out in a quarter of a century, 
as seems probable from present indications, there will be, on the av
erage two such untiring laborers for every individual. Long before 
this consummation, coal and oil must cease to be important factors 
in the sustenance of human life on this planet. It should be borne in 
mind that electrical energy obtained by harnessing a waterfall is 
probably fifty times more effective than fuel energy. Since this is the 
most perfect way of rendering the sun's energy available, the 
direction of the future material development of man is clearly 
indicated. He will live on "white coal." Like a babe to the 
mother's breast will he cling to his waterfall. "Give us our daily 
waterfall," will be the prayer of the coming generations. Deus 
{ulurt4s tsl dnJs aquat dntctus/ 

But the fact that stationary waves arc producible in the earth 
•iS of special and, in many ways, still greater significance in the in
tellectual development of humanity. Popularly explained, such a 
wave is a phenomenon generically akin to an echo-a resplt of re
flettion. It affords a positive and uncontrovertible experimental 
evidence that the electric current, after passing into the earth 
travels to the diametrically opposite region of the same and re
bounding from there, returns to its point of departure with vir· 
tually undiminished force. The outgoing and returning · currents 
clash and form nodes and loops similar to those observable on a 
vibrating cord. To traverse the enti re distance of about twenty-five 
thousand miles, equal to the circumference of the globe, the current re
quires a certain time interval, which I have approximately ascertained. 
In yieiCfing this knowledge, nature has revealed one of its most pre
cious secrets, of inestimable consequence to man. So astounding are 
the facts in this connection, that it would seem as though the Creator, 
himself, had electrically designed this planet just for the purpose 
of enabling us to nchieve wonders which, before my discovery, could 
not have been conceived by the wildest imagination. A full account 
of my discoveries and improvements will be gi~ to the world in a 
special work which I am preparing. In so far, however, as they 
relate to industrial and commercial uses, they will be disclosed in 
patent specifications most carefuJly drawn. 

Aa atated in a recent article (RLECTRICAL \VoaLD AND ENGINEER, 

March s, 1904), I have been since some time at work on d.esigns 
of a power fllant which is to transmit ten thousand horse-power 
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without wires. The energy is to be collected all over the earth 
at many places and in varying amounts. It should not be un· 
derstood that the p ractical realization of this undertaking is ntcts· 
sarily far off. The plans could be easily finished this winter. and 
if some preliminary work on the foundations could be done in the 
meantime the plant might be ready for operation before the close of 
next fall. We would then have at our dispos:~l a unique and invalu· 
able machine. Just this ont oscillator would ad\'ance the world a cen
tury. Its civilizing influence would be felt even by the humblest 
dweller in the wilderness. Millions of instruments of all k inds, 
for all imaginable purposes, could be Clper:~ted fron1 that one rna· 
chine. Universal time could be distributed by simple .inexpensive 
eludes requiring no attention and running with n<'arly mathematical 
prectston. Stock-tickers, synchronous movements and innumerable 
devices of this character could be worked in uni~on all over the 
earth. Instruments 111ight be provided for indicating the course of 
a vessel at se:1, the distance traversed, the speed, the hour at' any 
particular place, the latitude and longitude. Incaltulable commer· 
cia! advantages could be thus secured and countless accidents and 
disasters avoided. Here and there a house might be lighted or some 
other· work rcquiri~1g a few horse-power performed. What is fa r 
more important than this, flying machines might be driven in any 
part of the \\Orld. They could be made to travel swiftly because o\ 
.their small weight :1nd ~reat motive power. My intention would be 
to utilize this fi rst plant rather as means of en lightenment, to col· 
lect its power in ve.ry small amounts, and at as many places as pos
sible. The knowcdge that there is thro~bing through the ~nrth 
energy readily available everywhere, would exert a strong stimulu~ 

on students, mechanics and inventors of all countries. This would 
be productive of infinite good. Manufacture would receive a fresh 
and powerful incentive. Conditions, such as never existed before 
in commerce, would be brought about. Supply would be ever in· 
adequate to demand. The industr ies of iron, copper, aluminum, in· 
sulatcd wire and many others, could not fail to derive great and 
lasting benefits from this development. 

The economic transmission of power without wires is of all-sur· 
passing importance to man. By its means he will gain complete 
mastery of the air, the sea and the desert. It will enable him to 
dispense with the necessity of mining, pumping, transporting and 
burning fuel, and so do away with innumerable causes of sinful 
waste. By its means, he will obtain at any place and in any de· 
sired amount, the energy of remote waterfalls-to drive his machin
ery, to construct his canals, tunnels and highways, to manufacture 
the materials of his want, his clothing and food, to heat and light 
his home-year in, year out, ever and ever, by day and by night. 
It will make the living glorious sun his obedient, toiling slave. It 
will bring peace and harmony on earth. 

Over five ye.ars have elapsed since that providential lightning 
storm on the 3d of July, 1899, of which I told in the article 
before mentioned, and through which I discovered the t~rrcstrial 
stationary waves; nearly five years since I performed the great 
experiment which, on that unforgettable day, the dark God of Thun
der mercifully showed me in his vast, awe-sounding laboratory. I 
thought then that it would take a year to establish commercially 
my wireless girdle arouud the world. Alas! my first "world t eleg
raphy" plant is n(lt yet completed, its construction has progressed 
but slowly during the past two years. And this machine I am 
buildi"g is but a plaything, an oscillator of a maximum activity of 
only ten million hone-power, just enough to throw this planet into 
feeble tremors, by sign and word-to telegraph and to telephone-: 
Wll~" shall I see completed that first power plant, that big oscilla
tor which I am d~siguing f From which a current stronger than 
that of a welding machine, under a tension of one hundred million 
volts, is to rush through the earth I Which will del iver energy 
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at the rate of one thousand million horse-power-<me hundred Falls 
of Niagara combined in one, striking the universe with blows
blows that will wake from their slumber the sleepiest electricians, 
if there be any, on Venus or Mars I . • It is not a dream, it is 
a simp/1 /tat of scit~ttific tltttrical ,,.,;,.,,.;"'' only expensive
blind, faint-hearted, doubting world I • H umanity is not yet 
sufficiently advanced to be willingly led by the discoverer's keen 
searching sense. But who knows? Perhaps it is better in this 
present world of ours that a revolutionary idea or inventioo instead 
of being helped and patted, be hampered an4 ill-treated in its 
adolescence-by want of means, by selfish interest, pedantery, stu• 
pidity and ignorance; that it be attacked and stifled; that' it pass 
through bitter trials and tribulations, through the heartless strife 
of commercial exisence. So do we get our light. So all that w~ 
great in the past was ridiculed, condemned, combatted, suppressed
only to emerge all the more powerfully, all the more tr.iumphantly 
from the struggle. 
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The New York Sun of June 16 printed the following letter from Mr. Nikola Tesla: 
The flooding of the subway is a calamity apt to repeat itself. As your readers 

will remember, it did not occur for the first time last Sunday. Water, like fire, 
will break loose occasionally in spite of precautions. It will never be possible 
to guard against a casual bursting of a main; for while the conduit can be safely 
relied upon under normal working conditions, any accidental obstructi on to the flow 
may cause a pressure which no pipe or joint can withstand. 

In fact, if we are to place faith in the gloomy forecasts of Commissioner Oakley, 
who ought to know, such floods may be expected to happen frequently in the future. 
In view of this it seems timely to call to public attention a danger inherent to the 
electrical equipment which has been thrust upon the Interborough Company by incom
petent advisers. 

The subway is bound to be successful, and would be so if the cars were drawn by 
mules, for it is the ideal means of transportation in crowded cities. But the full 
measure of success of which it is capable will be attained only when the financiers 
shall say to the electric companies: 11 Give us the best, regardless of expense ... 

It is to be regretted that this important pioneering enterprise, in other re
spects ably managed and engineered, should have been treated with such gross neglect 
i n its most vital feature . No opportunity was given to myself, the inventor and 
patentee of the system adopted in the subway and the elevated roads, for offering 
some useful suggestion, nor was a single electrician or engineer of the General 
Electric and Westinghouse companies consulted, the very men who should have been 
thought of first of all. 

Once large sums of money are invested in a defective scheme it is difficult to 
make a change, however desirable it may be. The movement of new capital is largely 
determined by previous investment. Even the new roads now planned are likely to be 
equipped with the same claptrap devices, and so the evil will grow. 11 Das eben ist 
der Fluch der· boesen Thut, das sie fortzeugend Boeses muss gebaeren.'' 

The danger to which I refer lies in the possibility of generating an explosive 
mixture by electrolytic decomposition and thermic dissociation of the water through 
the direct currents used in the operation of the cars. Such a process might go on 
for hours and days without being noticed; and with currents of this kind it is 
scarcely practicable to avoid it altogether. 

It will be recal led that an expert found the percentage of free oxygen in the 
subway appreciably above that which might reasonably have been expected in such a 
more or less stagnated channel. I have never doubted the correctness of that anal
ysis and have assumed that oxygen is being continuously set free by stray currents 
passing through the moist ground. The total amperage of the normal working current 
in the tunnel i s very great, and in case of f looding would be sufficient to generate 
not far from 100 cubic feet of hydrogen per minute. Inasmuch, however, as in rail
way operation the fuses must be set hard, in order to avoid frequent interruption 
of the service by their blowing out, in such an emergency the current would be of 
much greater volume and hydrogen would be more abundantly liberated. 

Reprinted with permission. Reprinted from June 24, 1905, issue of EZectricaZ WorZd. 
© Copyright 1905, McGraw-Hill, Inc. Al l rights reserved . 
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It is a peculiar property of this gas that it is capable of exploding when mixed 
with a comparatively large volume of air, and any engineer can convince himself by a 
simple calculation that, say, 100,000 cubic feet of explosive might be formed be
fore the danger is discovered, reported and preventive measures taken. What the 
effect of such an explosion might be on life and property is not pleasant to con
template. True, such a disaster is not probable, but the present electrical equip
ment makes it possible, and this possibilfty should be, by all means, removed. 

The oppressiveness of the tunnel atmosphere is in a large measure due to the 
heat supplied by the currents, and to the production of n.itrous acid in the arcs, 
which is enhanced by rarefaction of the air through rapid motion. Some provision 
for ventilation is imperative. But ventilation will not do away with the danger I 
have pointed out. It can be completely avoided only by discarding the direct cur
rent. 

I should say that the city authorities, for thi's if for no other reason, should 
forbid its use by a proper act of legislation. Meanwhile, the owners of adjacent 
property should object to its employment, and the insurance companies should refuse 
the grant of policies on such property except on terms which it may please them to 
make. 

English Mechanic and World of Science 
July 14, 1905, p. 515. 

TESLA'S REPLY TO EDISON. 

Says "We Shall Soon be Tal king Round the World 11
• 

As we said last week, Mr. Edison was reported to have said in an interview of 
the New York World that he did not believe with Tesla in being able to talk round 
the world, but that he thought Marconi would, sooner or later, perfect his system. 
Nikola Tesla has replied. He says:-

In the course of certain investigations which I carried on for the purpose of 
studying the effects of lightning discharges upon the electrical condition of the 
earth I observed that sensitive receiving instruments arranged so as to be capable 
of responding to electrical disturbances created by the discharges at times failed 
to respond wlhen they should have done so, and upon inquiring into the causes of 
this unexpected behavior I discovered it to be due to the character of the elec
trical waves which were produced in the earth by the lightning discha.rges, and 
which had nodal regions following at definite distances the shifting source of the 
disturbances. From data obtained in a large number of observations of the maxima 
and minima of these waves I found their length to vary approximately from twenty
five to seventy kilometres, and these results and theoretical deductions led me to 
the conclusion that waves of this kind may be propagated in all directions over 
the globe, and that they may be of still more widely differing lengths, the ex
treme limits being imposed by the physical dimensions and properties of the earth. 
Recognising in the existence of these waves an unmistakable evidence that the dis
turbances created had been conducted from their origin to the most remote portions 
of the globe, and had been thence reflected, I conceived the idea of producing such 
waves in the earth by artificial means, with the object of using them for many use
ful purposes for which they are or might be found applicable. 
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Beat Lightning Flashes . 
This problem was r·endered extremely difficult, owing to the immense dimensions 

of the planet, and consequently enormous movement of electricity or rate at which 
electrical energy had to be delivered in order to approximate, even in a remote 
degree, movements or rates which are manifestly attained in the displays of elec
trical forces in nature, and which seemed at first unrealizable by any human agen
cies; but by gradual and continuous improvements of a generator of electrical osc
illations, which I have described in my Patents Nos. 645,576 and 649,621, I fin
ally succeeded in reaching electrical movements or rates of delivery of electrical 
energy not only approximately, but, as shown in comparative tests and measurements, 
actually surpassing those of lightning discharges and by means of this apparatus I 
have found it possible to reproduce, whenever desired, phenomena in the earth the 
same as or similar to those due to such discharges. With the knowledge of the 
phenomena discovered by me, and the means at command for accomplishing these re
sults, I am enabled, not only to carry out many operations by the use of known in
struments, but also to offer a solution for many important problems involving the 
operation or control of remote devices which, for want of t his knowledge and the 
absence of these means, have heretofore been entirely impossible. For example, by 
the use of such a generator of stationary waves and receiving apparatus properly 
placed and adjusted in any other locality, however remote, it is practicable to 
transmit intelligible signals, or to control or actuate at will any one or all of 
such apparatus for many other important and valuable purposes, as fo r indicating 
whenever desired the correct time of an observatory, or for ascertaining the rela
tive position of a body or distance of the same with reference to the given point, 
or for determining the course of a moving object, such as a vessel at sea, the dis
tance· traversed by the same or its speed; or for producing many other useful effects 
at a distance dependent on the intensity, wavelength, direction or velocity of 
movements, or other feature or property of disturbances of this character. 

A Bit of Sarcasm. 
Permit me to say on this occasion that if there exist to-day no facilities for 

wireless telegraphic and telephone communication between the most distant countries, 
it is merely because a series of misfortunes and obstacles have delayed the con
summation of my labours, which might have been completed three years ago . In this 
connection I shall well remember the efforts of some, unwise enough to believe 
that they can gain an advantage by throwing sand in the eyes of the people and re
tarding the progress of invention. Should the first messages across the seas · 
prove calamitous to them, it will be a punishment regrettable but fully deserved. 
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TESLA ON THE PEARY NORTH POLE EXPEDITION. 

To the Editor of the New York Sun:-

Everybody must have been pleased to learn that CoiTUllodore Peary has finally ob
tained the financial assistance which will enable him to start without further delay 
on his important journey. Let us wish the bold navigator the most complete success 
in his perilous undertaking, in the interest of humanity as well as for his own and 
his companions' sake and the gratification of the generous donors who have aided 
him. But, while voicing these sentiments, let us hope that Peary's will be the 
last attempt to reach the pole in this slow, penible and hazardous way. 

We have already sufficiently advanced in the knowledge of electricity and its 
applications to avail ourselves of better means of transportation, enabling us to 
reach and to explore without difficulty and in a more perfect manner not only the 
North, but also the South Pole, and any other still unknown regions of the earth's 
surface. I refer to the facilities afforded in this respect by the transmission of 
electrical energy without wires and -aerial navigation, which has found in the novel 
art its ideal solution. 

Many of your readers will, no doubt, be under the impression that I am speaking 
merely of possibilities. As a matter of fact, from the principles involved and the 
experiments which I have actually performed, not only is the practical success of 
such distribution of power reduced to a degree of mathematical certitude, but the 
transmission can be effected with an economy much greater than possible by the pres
ent method involving the use of wires. 

It would not take long to build a plant for purposes of aerial navigation and 
geographical research, nor would it cost as much as might be supposed. Its location 
would be perfectly immaterial. It might be at the Niagara, or at the Victorian 
Falls in Africa, without any appreciable difference in the power collected in a 
flying machine or other apparatus. 

A popular error, which I have often opportunity to correct, is to believe that 
the energy of such a plant would dissipate itself in all directions. This is not 
so, as I have pointed out in my technical publications. Electricity is displaced 
by the transmitter in all directions, equally through the earth and the air; that 
is true, but energy is expended only at the place where it is collected and used 
to perform some work. To illustrate, a plant of 10,000 hp, such as I have been 
planning, might be running full blast at Niagara, and there might be but one fly
ing machine, of, say, 50 hp operating in some distant place, the location being of 
absolutely no consequence. In this case 50 hp would be all the power furnished by 
the plant to the rest of the universe. Although the electrical oscillations would 
manifest themselves all over the earth, at the surface as well as high in the air, 
virtually no power would be consumed . My experiments have shown that the entire 
~lectrical movement which keeps the whole globe a-tremble can be maintained with 
but a few horsepower. Apart from the transmitting and receiving apparatus, the 
only loss incurred is the energy radiated in the form of Hertzian or electro-mag
netic waves, which can be reduced to any entirely insignificant quantity. 

I appreciate the difficulty which your non-technical readers must experience in 
comprehending the working of this system. To gain a rough idea, let them imagine 
the transmitter and the earth to be two elastic bags, one very small and the other 
immense, both being connected by a tube and filled with some incompressible fluid. 
A pump is provided for forcing the fluid from one into the other, alternately and 
in rapid succession. Now, to produce a great movement of the fluid in a bag of 
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such enormous size as the earth would require a pump so large that it would be a 
greater task to construct it than to build a thousand Egyptian pyramids . But there 
is a way of accomplishing this with a pump of very small dimensions. The bag con
nected to the earth is elastic~ and when suddenly struck vibrates at a certain rate. 
The first artifice consists in so designing and adjusting the parts t hat the natural 
vibrations of the bag are in synchronism with the strokes of the pump . Under such 
conditions the bag is set into violent vibrations~ and the fluid is made to rush in 
and out with terrific force. But the immense bag - the earth~ is still comparativ
ely undisturbed. Its size~ however, does not exempt it from the laws of nature, 
and just as the small bag, so too the earth, responds to certain impulses. This 
fact I discovered in 1899. 

The second artifice is to so adjust the transmitter that it will furnish these 
particular impulses. When all is properly done the large bag is thrown into spasms 
of vibration, and the effects are bewildering. But no power is yet transmitted, and 
all this colossal movement requires little energy to maintain . It is like an engine 
running without load. 

Next let your readers imagine that at any place where it may be desired to de
liver energy a small elastic bag, not unlike the first, is connected to the large 
one through a tube. The third artifice consists in so proportioning the parts that 
the attachment will be responsive to the impulse transmitted, this resulting in a 
great intensification of the vibration of the bag. Still the pump will not -furnish 
power until these vibrations are made to do work of some kind. 

To conduce to an understanding of the fourth artifice, that of 11 individualiza
tion,'' let your readers follow me a step further, and conceive the flow of energy 
to any point can be controlled from the place where the pump is located at will~ 
and with equal facility and precision, regardless of distance, and, furthermore, 
through a device such as the combination lock of a safe, they will then have a 
crude idea of the processes involved. But only when they realize that all these 
and many other processes not mentioned, and related to one another like the links 
of a chain, are completed in a fraction of a second, will your readers be able to 
appreciate the magical potencies of electrical vibrations and form a conception of 
the miracles which a skilled electrician can perform by the use of these appliances. 

I earnestly hope that in the near future the conditions wil l be favorable for 
the construction of a plant such as I have proposed. As soon as this is done it 
will be possible to adapt electrical motors to flying machines of the type popu
larized by Santos Dumont. There will be no necessity of carrying a generator or 
store of motive energy and consequently the machine will be much lighter and smal
ler. Owing to this and also to the greater power available for propulsion, the 
speed will be considerably increased. But a few of such machines, properly equipped 
with photographic and other appliances, will be sufficient to give us in a short 
time an exact knowledge of the entire earth's surface. It should be borne in mind, 
however, that for the ordinary uses of a single person a very small machine of not 
more than one-quarter horse-power, corresponding to the work of two men, would be 
amply sufficient so that when the first plant of 10,000 hp is installed, the com
modity of aerial flight can be offered to a great many individuals all the worl d 
over. I can conceive of no improvement which would be more efficient in the fur
therance of civilization than this. 

N. TESLA 
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SIGNALLING TO MARS - A PROBLEM OF ELECTRICAL ENGINEERING. 
By Nikola Tesla . 

In the early part of 1900, still vividly impressed by certain observations, I 
had made shortly before, and feeling that the time had come to prepare the world 
for an experiment which will soon be undertaken, I dwelt on the practicability of 
interplanetary signalling in an article which appeared in the June number of Cen
tury Magazine of the same year. In order to correct an erroneous report which 
gained wide circulation, a statement was published in Collier's Weekly of Feb. 9, 
1901, defining my position in general terms. Ever since, my thoughts have been 
centred on the subject, and my original conviction has been strengthened both by 
reflection and suggestion. 

Chief among the stimulating influences was the revelatory work of Percival Low
ell, described in a volume with which the observatory, bearing his name, has hon
ored me. No one can look at his globe of Mars without a feeling of profound 
astonishment, if not awe. These markings, still imperfectly discerned and incom
prehensible, but evidently intended for a useful purpose, may they not contain 
a record of deep meaning left by a superior race, perhaps extinct, to tell its 
young brethren in other worlds of secrets discovered, of life and struggle, of their 
own terrible fate? What mighty pathos and love in such a gigantic drama of the 
universe! But let us hope that the astronomer has seen true, that Mars is not a 
cold grave, but the abode of happy intelligent creatures, from whom we may learn. 
In the light of this glorious possibility, signalling to that planet presents it
self as a preeminently practical proposition which, to carry out, no human sacri
fice could be too great. Can it be done? What chance is there that it will be 
done? · 

These questions will be answered definitely the moment all doubt as to the exis
tence of highly developed beings on Mars is dispelled. The straightness of the 
lines on Lowell's map, their uniform width and other geometrical peculiarities, do 
not, themselves, appeal to me as strong proofs of artificiality. I should think 
that a planet large enough not to be frozen stiff in a spasm of volcanic action, 
li~e our moon, must, in the course of eons, have all its mountains leveled, the 
val leys filled, the rocks ground to sand, and ultimately assume the form of a 
smooth spheroid, with all its rivers flowing in geodetically straight lines. The 
uniform width of the waterways can be consistently explained, their crossings, 
however odd and puzzling, might be accidental. But I quite agree with Professor 
Morse, that this whole wonderful map produces the absolute and irresistible con
viction, that these "canals'' owe their existence to a guiding intelligence. Their 
great size is not a valid argument to the contrary. It would merely imply that 
the Martians have harnessed the energy of waterfalls. We know of no other source 
of power competent to explain such treme·ndous feats of engineering. They could 
not be accomplished by capturing the sun's rays or abstracting heat imparted to 
the atmosphere, for t his, according to our best knowledge, would require clumsy 
and inefficient machinery. Large falls could be obtained near the polar caps by 
extensive dams. While much less effective than our own, they could well furnish 
several billions of horse-power. It should be borne in mind that many Martian 
tasks in mechanical engineering are much easier than the terrestrial, on account 
of the smaller mass of the planet and le·sser density, which, in the superficial 
layers, may be considerably below the mean. To a still greater degree this is 
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true of electrical engineering. Taking into account the space encompassed by 
Mars, a system of wireless transmission of energy, such as I have perfected , 
would be there much more advantageously applied, for, under simi l ar conditions, a 
receiving circuit would collect sixteen times as much energy as on the earth. 

The astonishing evidences furnished by Lowell are not only indicative of or
ganic life, but they make it appear very probable that Mars is sti ll popul ated; 
and furthermore, that its inhabitants are highly developed intell igent beings. 
Is there any other proof of such existence? I answer, emphatically, yes, prompted 
both by an i nstinct which has never yet deceived m~, and observation. I refer to 
the strange electrical disturbances, the discovery of which I announced six years 
ago. At that time I was only certain that they were of planetary origin. Now, 
after mature thought and study , I have come to the positive conclusion that they 
must emanate from Mars. 

Life, as a great phi l osopher has said, is but a continuous adjustment to the 
env i ronment . Similar conditions must bring forth similar automata. We can have 
no idea what a Martian might be like, but he certainly has sensitive organs, much 
as our own, responsive to external stimul i. The indications of these instruments 
must be real and true. A straight line, a geometrical figure, a number, must 
convey to his mind a clear and definite conception. He ought to think and reason 
like ourselves. If he breathes, eats and drinks, he is moved by motives and de
sires not very different from our own. Such colossal transformation as is obser
vabl e on the face of Mars could not have been wrought except by beings ages ahead 
of us in devel opment. What wonder, then, if they have maps of this, our globe, as 
perfect as Professor Pickering•s photographs of the moon? What wonder if they are 
signalling to us? We are suffici ently advanced in electrical science to know that 
their task is much easier than ours. The question is, can we transmit el ectrical 
energy to that immense distance? This I think mysel f competent to answer in the 
affirmative. 

N. Tesla 
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TUNED LIGHTNING 
by Nikola Tesla 
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I read with interest an article in the Sunday World of Jan. 20 on 11Tuned Light
ning, .. described as a mysterious new energy, which is to turn every wheel on earth, 
and is supposed to have been recently discovered by the Danish inventors Waldemar 
Poulsen and P. 0. Pederson. 

From other reports I have gathered that these gentlemen have so far confined 
themselves to the peaceful production of miniature bolts not many inches long, and 
I am wondering what an account of their prospective achievements would read like if 
they had succeeded in obtaining, like myself, electrical discharges of 100ft., far 
surpassing lightning in some features of intensity and power. 

In view of their limited Jovian exper·ience, the programme outlined by the Danish 
engineers is rather extensive, Lord Armstrong•s vast resources notwithstanding. 
Naturally enough, I shall look with interest to their telephoning across the Atlan
tic, supplying light and propelling airships without wires. Anah in suito pittore. 
(I, too, am a painter.) In the mean time it may not be amiss to state here inci
dentally that all the essential processes of and appliances for the generation, 
transmission, transformation, distribution, storage, regulation, control, and econ
omic utilisation of 11 tuned lightning11 have been patented by me, and that I have 
long since undertaken, and am sparing no effort to render these advances instrumen
tal in insuring the welfare, comfort, and convenience, primarily, of my fellow cit
izens. 

There is nothing remarkable in the demonstration reported to have been made be
fore Sir William Preece and Prof. Sylvanus P. Thompson, nor is there any novelty 
in the electrical devi ces employed. The lighting of arc lamps through the human 
body, the fusing of a piece of copper in mid-air, as described, are simple experi
ments which by the use of my high-frequency transformers any student of electricity 
can readily perform. They teach nothing new, and have no bearing on wireless trans
mission, for the actions virtually cease at a distance of a few feet from the source 
of vibratory energy. Years ago I gave exhibitions of similar and other much more 
striking experiments with the same kind of apparatus, many of which have been il
lustrated and explained in technical journals . The published records are open to 
inspection. 

Regardless of all that, the Danish inventors have not as yet offered the slight
est proof that their expectations are realisable, and before advancing seriously 
the claim that an efficient wireless distribution of light and power to great dis
tances is possible, they should, at least, repeat those of my experiments which have 
furnished this evidence. 

A scientific audience cannot help being impressed by a display of interesting 
phenomena, but the originality and significance of a demonstration such as that re
ferred to can only be judged by an expert possessed of full knowledge and capable 
of drawing correct conclusions. A novel effect, spectacular and surprising, might 
be quite unimportant, while another, seemingly trifling, is of the greatest conse
quence. 

To illustrate, let me mention here two widely different experiments of mine. In 
one the body of a person was subjected to the rapidly-alternating pressure of an 
electrical oscillator of two and a half million volts; in the other a small incan
descent lamp was lighted by means of a resonant circuit grounded on one end, all the 
energy being drawn through the earth electrified from a distant transmitter. 
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The first presents a sight marvellous and unforgettable. One sees the experi
menter standing on a big sheet of fierce, blinding flame, his whole body enveloped 
in a mass of phosphorescent wriggling streamers like the tentacles of an octopus. 
Bundles of light stick out from his spine. As he stretches out the arms, thus forc
ing the electric fluid outwardly, roaring tongues of fire leap from his fingertips. 
Objects in his vicinity bristle with rays, emit musical notes, glow, grow hot. He 
is the centre of still more curious actions, which are invisible. At each throb of 
the electric force myriads of minute projectiles are shot off from him with such 
velocities as to pass through the adjoining walls. He is in turn being violently 
bombarded by the surrounding air and dust. He experiences sensations which are 
indescribable. 

A layman, after witnessing this stupendous and incredible spectacle, will think 
little of the second modest exhibit. But the expert will not be deceived. He re
alizes at once that the second experiment is ever so much more difficult to perform 
and immensely more consequential. He knows that to make the little filament glow, 
the entire surface of the planet, two hundred million square miles, must be strongly 
electrified. This calls for peculiar electrical activities, hundreds of times great
er than those involved in the lighting of an arc lamp through the human body. What 
impresses him most, however, is the knowledge that the little lamp will spring into 
the same brilliancy anywhere on the globe, there being no appreciable diminution of 
the effect with the increase of distance from the transmitter. 

This is a fact of overwhelming importance, pointing with certitude to the final 
and lasting solution of all the great social, industrial, financial, philanthropic, 
international, and other problems confronting humanity, a solution of which will be 
brought about by the complete annihilation of distance in the conveyance of intelli
gence, transport of bodies and materials, and the transmission of the energy neces
sary to man's existence. More light has been thrown on this scientific truth lately 
through Prof. Slaby's splendid and path-breaking experiment in establishing perfect 
wireless telephone connection between Naum and Berlin, Germany, a distance of twenty 
miles. With apparatus properly organised such telephonic communication can be ef
fected with the same facility and precision at the greatest terrestrial distance. 

The discovery of the stationary terrestrial waves, showing that, despite its vast 
extent, the entire planet can be thrown i nto resonant vibration like a little tuning 
fork; that electrical oscillations suited to its physical properties and dimensions 
pass through it unimpeded, in strict obedience to a simple mathematical law, has 
proved beyond the shadow of a doubt that the earth, considered as a channel for .con
veying electrical energy, even in such delicate and complex transmissions as human 
speech or musical composition, is infinitely superior to a wire or cable, however 
well designed. 

Very soon it will be possible to talk across an ocean as clearly and distinctly 
as across a table. The first practical success, already forecast by Slaby's con
vincing demonstration, will be the signal for revolutionary improvements which will 
take the world by storm. 

However great the success of the telephone, it ' is just beginning its evidence of 
usefulness. Wireless transmission of speech will not only provide new but also 
enormously extend existing facilities. This will be merely the forerunner of ever 
so much more important development, which will proceed at a furious pace until, by 
the application of these same great principles, the power of waterfalls can be fo
cussed whenever desired; until the air is conquered, the soil fructified and embel
lished; until, in all departments of human life distance has lost its meaning, and 
even the immense gulf separating us from other worlds is bridged. 
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N~ Yo~k Tim~s 
March 20, 1907, p. 8, col. 5. 

TESLA'S WIRELESS TORPEDO 

Inventor Says He Did Show That it Worked Perfectly 
To the Editor of The N~ York Times: 

A report in the Times of this Morning says that I have attained no practical 
results with my dirigible wireless torpedo. This statement should be qualified. 
I have constructed such machinest and shown them in operation on frequent occa
sions. They have worked perfectly, and everybody who saw them was amazed at their 
performance. 

It is true that my efforts to have this novel means for attack and defense 
adopted by our Government have been unsuccessful, but this is no discredit to my 
invention. I have spent years in fruitless endeavor before the world recognized 
the value of my rotating field discoveries which are now universally applied. The 
time is not yet ripe for the telautomatic art. If its possibilities were appre
ciated the nations would not be building large battleships. Such a floating fort
ress may be safe against an ordinary torpedo, but would be helpless in a battle 
with a machine which carries twenty tons of explosive, moves swiftly under water, 
and is controlled with precision by an operator beyond the range of the largest 
gun. 

As to projecting wave-energy to any particular region of the globe, I have 
given a clear description of the means in technical publications. Not only can 
this be done by the use of my d,evices, but the spot at which the desired effect 
is to be produced can be calculated very closely, assuming the accepted terres
trial measurements to be correct. This, of course, is not the case . Up to this 
day we do not know a diameter of the globe within one thousand feet. My wireless 
plant will enable me to determine it within fifty feet or less, when it will be 
possible to rectify many geodetical data and make such calculations as those re
ferred to with greater accuracy. 
Nikola Tesla 
New York, March 19, 1907 

N~ York Times 
March 26, 1907, p. 8, col. 7. 

WIRELESS ON RAILROADS 

Nikola Tes la Says It Is Perfectly Practical and Will Soon Be In Use. 

To the Editor of The N~ Yo~k Times: 

No argument is needed to show that the railroads offer opportunities for advan
tageous use of a practical wireless system. Without question, its widest field of 
application is the conveyance to the trains of such general information as i s in
dispensable for keepi ng the traveler in touch with the world. In the near future a 
telegraphic printer of news, a stock ticker, a telephone, and other kindred appli
ances will form parts of the regular wireless equipment of a railroad train. Suc
cess in this sphere is all the more certain, as the new is not antagonistic, but, on 
the contrary, very helpful to the old. The technical difficulties are minimized by 
the employment of a transmitter the effectiveness of which is unimpaired by distance. 
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In view of the great losses of life and property, improved safety devices on the 
cars are urgently needed. But upon careful investigation it will be found that the 
outlook in this direction is not very promising for the wireless art. In the first 
place the railroads are rapidly changing to electric motive power, and in all such 
cases the lines become available for the operation of all sorts of signaling appar
atus, of which the telephone is by far the most important. This valuable improve
ment is due to Prof. J. Paley, who introduced it in Germany eight years ago. By 
enabling the engineer or conductor of any train to call up any other train or sta
tion along the track and obtain full and unmistakable information, the liability 
of collisions and other accidents will b€ greatly r~duced. Public opinion should 
compel the immediate adoption of this invention. 

Those roads which do not contemplate this transformation might avail themselves 
of wireless transmission for similar purposes, but inasmuch as every train will re
quire in addition to a complete outfit an expert operator, many roads may prefer 
to use a wire, unless a wireless telephone can be offered to them. 

NIKOLA TESLA 

New York, March 25, 1907 

N~ York Time s 
May 2, 1907, p. 8, col. 6. 

NI(C)OLA TESLA OBJECTS. 

Thi nks He Should Receive Credit for His Own Inventions. 
To the Editor of~~ N~ York Times: 

I have been much surprised to read in The Times of Sunday, April 21, that Admiral 
H. N. Manney, U.S.N. attributes a well - known invention of mine, a process for the 
production of continuous electrical oscillations by means of the electric arc .and 
condenser, to Valentine Poulsen, the Danish engineer. This improvement has been 
embodied by me in numerous forms of apparatus identified with my name, and I h.ave 
described it minutely in patents and scientific articles. To quote but one of many 
references; I may mention my experimental lecture on 11 Light and Other High~Frequency 
Phenomena,•• published under the auspices of the Franklin Association, for which both 
of these societies have distinguished me. 

I share with Admiral Manney in the gratification that we are in the lead, and 
particularly that wireless messages have been transmitted from Pensacola to Point 
Lorne. Inasmuch, however, as this feat could not have been accomplished except by 
the use of some of my own devices, it would have been a graceful act on his part to 
bring this feat to the attention of the wireless conference. My theory has always 
been that military men are superior to civilians in courtesy. I have not been dis
coulraged by the refusal of our Government to adopt my wireless system six years ago, 
when I offered it, not by the unpleasant prospect of my passing through the experi
ences described by Mark Twain in his story of the beef contract, but I see no reason 
why I should be deprived of a well-earned honor and satisfaction. 

The Times has hurt me grievously; not by accusing me of commercialism, nor by its 
unkind editorial comments on those letters I wrote, in condemnation of my system of 
power transmission in the Subway. It is another injury, perhaps, unintentional, 
which I have felt most keenly. 

The editor of The Times may not have known that I am a student of applied math
ematics when he permitted a fellow student of mine to insinuate in The Times of 
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March 28 that I avail myself of inventions of others. I cannot permit such ideas 
to gain ground in this community, and, just to illuminate the situation, I shall 
quote from the leading electrical paper, The London EZeatrieian, referring to some 
wireless plants of Braun and Marconi: 11The spark occurs between balls in the pri
mary circuit of a Tesla coil. The air wire***is in series with a Tesla transformer 
***The generating plant is virtually a Poldhu in miniature. Evidently Braun, like 
Marconi, has been converted to the high-potential methods introduced by Tesla ... 
Needless to add that this substitution of the old, ineffective Hertzian appliances 
for my own has not been authorized by me. 

My fellow-student can rest assured that I am scrupulously respecting the rights 
of others. If I were not prompted to do so by a sense of fairness and pride I 
would be by the power I have of inventing anything I please. 
N. TESLA 
New York, April 30, 1907 

English Meahania and WorZd of Saienae 
May 3, 1907, p. 296 . 
(From the New York World) 

TESLA'S TIDAL WAVE TO MAKE WAR IMPOSSIBLE. 
by Nikola Tesla 

Just at this time, when all efforts towards peaceful arbitration notwithstandi~g, 
the nations are preparing to expend immense sums in the design and construction of 
monstrous battleships, it may be useful to bring to the attention of the general 
public a singular means for naval attack and defense, which the telautomatic art 
has made possible, and which is likely to become a deciding factor in the near fu
ture • . ' 

A few remarks on this invention, of which the wireless torpedo is but a special 
application, are indispensable to the understanding and full appreciation of the 
naval principle of destruction. 

The telautomatic art is the result of endeavours to produce an automaton capable · 
of moving and acting as if possessed of intelligence and distinct individuality. 
Disconnected from its higher embodiment, an organism, such as a human being, is a 
heat- or thermodynami c engine- comprising:- (1) a complete plant for receiving, 
transforming, and supplying energy; (2) apparatus for locomotion and other mechan
ical performance; (3) directive organs; and (4) sensitive instruments responsive to 
external influences, all these parts constituting a whole of marvelous perfection. 

The ambient medium is alive with movement and energy, in a state of unceasing 
agitation which is beyond comprehension. Strangely enough, to most of this terrible 
turmoil the human machine is insensible. The automaton does not feel the weight of 
the atmosphere crushing him with a force of 16 tons . He is unaffected by the shower 
of particles shooting through his body of cloud and the hurricane of finer substance 
rushing through him with the speed of light. He is unconcious that he is being 
whisked through space at the fearful rate of 70,000 miles an hour. But when gentle 
waves of light or sound strike him his eye and ear respond, his resonant nerve
fibres transmit the vibrations and his muscles contract and relax. Thus, like a 
float on a turbulent sea, swayed by external influences, he moves and acts. The 
average person is not aware of this constant dependence on his environment, but a 
trained observer has no difficulty in locating the primary disturbance which prompts 



99 

him into action, and continued exercise soon satisfies him that virtually all of 
his purely mechanical motions are caused by visual impressions, directly or indi
rectly received. 

USING THE PRINCIPLES OF HUMAN ACTION. 

A machine of such inconceivable complexity as the body of an organised being, 
capable of an infinite variety of actions, with controlling organs supersensitive, 
responsive to influences almost immaterial, cannot be manufactured by man; but the 
mechanical principles involved in the working of the living automaton are also ap
plicable to an inanimate engine, however crude. 

An automobile boat was first employed to carry out the idea . Its storage bat
tery and motor furnished the power; the propeller and rudder, respectively, served 
as locomotive and directive organs, and a very delicate electrical device, actuat
ed by a circuit tuned to a distant transmitter, took the place of the ear. This 
mechanism followed perfectly the wireless signals or comments of the operator in 
control of the transmitter, performing every movement and action as if it had been 
gifted with intelligence. 

The next step was to individualise the machine. The attunement of the control
ling circuits gave it a special feature, but this was not sufficiently distinctive. 
An individuality impl ies a number of characteristic traits which, though perhaps 
extant elsewhere, are unique in that particular combination. Here again the ani
mated automaton, with its nerve-signal system, was coarsely imitated . The action of 
the delicate device - the ear - was made dependent on a number of sensitised re
ceiving circuits, each recognisable by its own free vibrations, and all together by 
the character of their operative combination. Correspondingly the transmitter was 
designed to emit a wave-complex exactly matching the combination in the number and 
pitch of individual vibrations, their groupment and order of succession. 

WONDERS OF THE NEW TELAUTOMATON . 

That much is done, but more is to come. A mechanism is being perfected which 
without operator in control, left to itsel f, will behave as if endowed with intel
ligence of its own . It will be responsive to the faintest external influences and 
from these, unaided, determine its subsequent actions as if possessed of selective 
qualities, logic, and reason. It will perform the duties of an intelligent slave. 
Many of us will live to see Bulwer•s dream realised. 

The reader for whom the preceding short explanation of this novel art is intended 
may think it simple and easy of execution, but it is far from being so. It has taken 
years of study and experiment to develop the necessary methods and apparatus, and 
five inventions, al l more or less fundamental and difficult to practise, must be 
employed to operate successfully and individualised telautomaton. 

Such a novel engine of war - a vessel of any kind, submarine or aeri al - carrying 
an agent of unlimited potency of destruction, with no soul aboard, yet capable of 
doing all it is designed for, as if fully equipped with a fearless crew in command 
of its captain, must needs bring on a revolution 1n the present means of attack and 
defence. 

Since ages human ingenuity has been bent upon inventing infernal machines. Of 
these the modern cannon has been so far the most remarkable. A 12 in. gun charged 
with cordite is said to hurl a projectile of 850 lb . with the initial velocity of 
nearly 2,900 ft . per second, imparting to it the energy of 110,000,000 ft. lb . Were 
it not for the resistance of the air such a projectile would travel about fifty 
miles before striking the ground. It would take 3,300 H. P. more than a minute to 
accumulate its mechanical energy. Bear in mind, however, that all this energy is 
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imparted to the projectile while it is being urged through the gun-barrel with a 
mean force of 1,100 tons. If the barrel is 50 ft. long and the average velocity 
through it 1 ,500 ft. per second, the whole energy is transferred to a moving mass 
in l/30th of a second; hence the rate of performance is 1,800 times the above-that 
is about 6,000,000 H. P. This seems wonderful indeed, but is nothing as compared 
with rates obtained by other means. Electricity can be stored in the form of ex
plosive energy of a violence against which the detonation of cordite is but a 
breath. With a magnifying transmitter as diagrammatically illustrated, rates of 
25,000,000 H.P. have already been obtained. A similar and much improved machine, 
now under construction, will make it possible to attain ·maximum explosive rates of 
over 800,000,000 H.P., twenty times the performance of the Dreadnought 's broadside 
of eight 12 in. guns simultaneously fired. These figures are so incredible that 
astronomers unacquainted with the marvellous applicance have naturally doubted the 
practicability of signaling to Mars. In reality, by its means the seemingly vi
sionary project has been reduced to a rational engineering problem. 

The time is not far distant when all the tremendous wastes of war will be stop
ped, and then, if there are battles, they will be fought with water-power and elec
trical waves . That humanity is moving fast towards this realisation is evident 
from many indications. 

What is most to be regretted in the present war Pegime is that the effort of so 
many exquisi t e intelligences must be uneconomically applied, since it cannot be 
entirely governed by the wavering struggle of opposing principles . This feverish 
striving to meet the instant demand, to create type after type, one to devour the 
other, to merge into one contrasting element, leads, like a nightmare, from one to 
another absurdity . Such a monstrosity is the latest creation of the naval construc
tor - a 20,000 ton battleship. In theory it is condemned by competent authorities. 

Everything points to the development of a small vessel with internal combustion 
engines, extreme speed, and few weapons of great destructiveness. But the new le
viathan is admirably adapted to the practical requirements of the day. In attack 
it could alone annihilate a nation's fleet. It is equally effective in defence. If 
equipped with proper acoustic and electrical appliances it has little to fear from 
a submarine, and an ordinary torpedo will scarcely hurt it. That is why the first 
of these monsters, built in England, has been name Dreadnought. Now, there is a 
novel means for attacking a fortress of this kind, from shore or on the high seas, 
against which all its gun-power and armour resistance are of no avail. It is the 
tidal wave. 

WHAT THE TESLA TIDAL WAVE WILL DO. 

Such a wave can be produced with twenty or thirty tons of cheap explosive, car
ried to its destination and ignited by a non-interferible telautomaton. 

The tidal disturbance, as here considered, is a peculiar hydrodynamic phenomenon, 
in many respects different from the commonly occurring, characterised by a rhythmi
cal succession of waves. It consists generally of but a single advancing swell suc
ceeded by a hollow, the water if not otherwise agitated being perfectly calm in front 
and very nearly so behind. The wave is produced by some sudden explosion or upheav
al, and is, as a rule~ asymmetrical for a large part of its course. Those who have 
encountered a tidal wave must have observed that the sea rises rather slowly, but 
the descent into the trough is steep. This is due to the fact that the water is 
lifted, possibly very slowly, under the action of a varying force, great at first, 
but dying out quickly , while the raised mass is urged downward by the constant force 
of gravity. When produced by natural causes these waves are not very dangerous to 
ordinary vessels, because the disturbance originated at a great depth. 
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To give a fairly accurate idea of the efficacy of this novel means of destruct
ion, particularly adapted for the coast defence, it may be assumed that thirty tons 
of nitro-glycerine compound, as dynamite, be employed to create the tidal distur
bance. This material, weighing about twice as much as water, can be stored in a 
cubical tank 8 ft. each way, or a spherical vessel of 10 ft. diameter . The reader 
will now understand that this charge is to be entrusted to a non~interferible tel~ 
automaton, heavily protected, and partly submerged or submarine, which is under 
perfect control of a skilled operator far away. At the propitious moment the sig
nal is given, the charge sunk to the proper depth and ignited. 

The water is incompressible . The hydrostatic pressure is the same in all direc
tions. The explosion propagates through the compound with a speed of three miles a 
second. Owing to all this, the whole mass will be converted into gas before the 
water can give way appreciably, and a spherical bubble 10 ft. in diameter will 
form. The gaseous pressure against the surrounding water will be 20,000 atmos
pheres, or 140 tons per square inch . When the great bubble has expanded to twice 
its original volume it will weigh as much as the water it displaces, and from that 
moment on, its lower end tapering more and more into a cone, it will be driven up 
with a rapidly-increasing force tending towards 20,000 tons. Under the terrific 
impulsion it would shoot up the surface like a bullet were it not for the water re
sistance, which will limit its maximum speed to 80 ft. per second . 

Consider not the quantity and energy of the upheaval. The caloric potential en
ergy of the compound is 2,800 heat units per pound, or, in mechanical equivalent, 
almost 1,000 ft.-tons. The entire potential energy of the explosive will thus be 
66,000,000 ft.-tons . Of course, only a part of this immense store is transformable 
into mechanical effort. Theoretically, 40 lb. of good smokeless powder would be 
sufficient to impart to the Dr eadnought 's 850 lb . projectile the tremendous velocity 
mentioned above, but it actually takes a charge of 250 lb. The tidal wave generator 
is a dynamic transformer much superior to the gun, its greatest possible efficiency 
being as high as 44 per cent . Taking, to be conservative, 38 per cent, instead, 
there will be the total potential store about 25 million foot-tons obtained i n mech
anical energy. 

HOW THE ENEMY WOULD BE ENGULFED. 

Othewise stated, 25,000,000 tons - that is, 860,000,000 cu. ft. of water, could 
be raised 1 ft., or a smaller quantity to a correspondingly greater elevation . . The 
hei;ght and length of the wave will be determined by the depth at which the distur
bance originated. Opening in the centre like a volcano, the great hollows will 
belch forth a shower of ice . Some sixteen seconds later a valley of 600ft . depth, 
counted from normal ocean level, will fo·rm, sur~ounded by a perfectly circular swell, 
approximately of equal height, which will enlarge in diameter at the rate of about 
220 ft . per second. 

It is futile to consider the effect of such an eruption on a vessel situated near 
by~ however large. The entire navy of a great country, if massed around, woul d be 
destroyed. But it is instructive to inquire what such a wave could do to a battle
ship of the Dreadnought type at considerable distance from it origin. A simple 
calculation will show that when the outer circle has expanded to three-quarters of 
a mile, the swell, about 1,250 ft. long, would still be more than 100ft. in height, 
from crest to normal sea level, and when the circle is one and one~quarter mile in 
diameter the vertical distance from crest to trough will be over 100 ft. 

The first impact of the water will produce pressures of three tons per square 
foot, which all over the exposed surface of, say, 20,000 sq. ft . , may amount to 
60,000 tons, eight times the force of the recoil of the broadside. That first 
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impact may in itself be fatal. During more than ten seconds the vessel will be 
entirely submerged and finally dropped into the hollow from a height of about 75 
ft., the descent being effected more or less like a free fa l l. It will then sink 
far below the surface, never to rise. 

·~. Y. World 
May 19, 1907 

THE PEOPLE 1 S FORUM. 

Mr. Tesla on the Wireless Transmission of Power. 
To the Editor of The World: 

I have enjoyed very much the odd prediction of Sir Hugh Bell, President of the 
Iron and Steel Institute, with reference to the wireless transmission of power, 
reported in The World of the lOth inst. 

With all the respect due to that great institution I would take the liberty to 
remark that if its President is a genuine prophet he must have overslept himself a 
trifle. Sir Hugh would honor me if he would carefully peruse my British patent 
No . 8,200, in which I have recorded some of my discoveries and experiments, and 
which may influence him to considerably reduce his conservative estimate of one 
hundred years for the fulfillment of his prophecy. 

Personally, basing myself on the knowledge of this art to which I have devoted 
my best energies, I do not hesitate to state here for future reference and as a 
test of accuracy of my scientific forecast that flying machines and ships propelled 
by electricity transmitted without wire will have ceased to be a wonder in ten years 
from now. I would say five were it not that there is such a thing as 11 inertia of 
human opinion .. resisting revolutionary ideas. 

It is idle to believe that because man is endowed with higher attributes his 
material evolution is governed by other t han general physical laws. If the genius 
of invention were to reveal to-morrow the secret of immortality, of eternal beauty 
and youth, for which all humanity is aching, the same inexorable agents which pre
vent a mass from changing suddenly its velocity would likewise resist the force of 
the new knowledge until time gradually modifies human thought. 

What has amused me still more, however, is the curious interview with Lewis Nix
on~ the naval contractor, printed in the World of the 11th inst . Is it possible 
that the famous designer of the Oregon is not better versed in editorial matters 
than some of my farming neighbors of Shoreham? One cannot escape that conviction . 

We are not in the dark as regards the electrical energy contained in the earth. 
It is altogether too insignificant for any industrial use. The current circulating 
through the globe is of enormous volume but of small tension, and could perform but 
little work. Beside, how does Nixon propose to coax the current from the natural 
path of low resistance into an artificial channel of high resistance? Surely he 
knows that water does not flow up hill . It is absurd of him to compare the inex
haustible dynamic energy of wind with the magnetic energy of the earth, which is 
minute in amount and in a static condition . 

The torpedo he proposes to build is not novel. The principle is old. I could 
refer him to some of my own suggestions of nine years ago. There are many prac
tical difficulties in the carrying out of the idea, and as much better means for 
destroying a submarine are available it is doubtful that such a torpedo will ever 
be constructed. 
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Nixon has failed to grasp that in my wireless system the effect does not dimin
ish with distance. The Hertz waves have nothing to do with it except that some of 
my apparatus may be used in their production. So too a Kohinoor might be employed 
to cut window-glass. And yet, the seeming paradox can be easily understood by any 
man of ordinary intelligence. 

Imagine only that the earth were a hollow shell or reservoir in which the trans
mi t ter would compress some fluid, as air~ for operating machinery in various local
ities. What difference would it make when this reservoir is tapped to supply the 
compressed fluid to the motor? None whatever, for the pressure is the same every
where . This is also true of my electrical system, with all considerations in its 
favor. In such a mechanical system of power distribution great losses are unavoid
abl e and definite limits in the quality of the energy transmitted exist. Not so in 
the electrical wireless supply. It would not be difficult to convey to one of our 
liners, say, 50,000 horsepower from a plant located at Niagara, Victoria or other 
waterfall, absolutely irrespective of location. In fact, there would not be a dif
ference of more than a sma11 fraction of one per cent, whether the source of energy 
be in the vicinity of the vessel or 12,000 miles away, at the antipodes . 
NIKOLA TESLA 
New York, May 16, 1907. 

New York Times 
June 23, 1907 

CAN BRIDGE THE GAP TO MARS. 

Nikola Tesla on His Wireless System for the Transmission of Energy. 
To t he Editor of the New York Times: 

You have called me an ••inventor of some useful pieces of electrical apparatus". 
It is not quite up to my aspirations, but I must resign myself to my prosaic fate. 
I cannot deny that you are right. 

Nearly four million horse power of waterfalls are harnessed by my alternating 
current system of transmission, which is like saying that one hundred million men
untiring, consuming nothing, receiving no pay - are laboring to provide for one 
hundred million tons of coal annually. In this great city the elevated roads, the 
subways, the street railways are operated by my system~ and the lamps and other 
electrical appliances get the current through machinery of my invention. And as 
in New York so all the world over where electricity is introduced. The telephone 
and incandescent lamp fill specific and minor demands, electric power meets the 
many general and sterner necessities of life. Yes, I must admit, however reluct
antly, the truth of your unflattering contention. 

But the greater commercial importance of this invention of mine is not the only 
advantage I have over my celebrated predecessors in the realm of the useful, who 
have given us the telephone and the incandescent lamp. Permit me to remind you 
that I did not have, l ike Bell ~ such powerful help as the Reis telephone, which 
reproduced music and only neededadeft turn of an adjusting screw to repeat the 
human voice; or such vigorous assistance as Edison found in the incandescent lamps 
of King and Starr, which only needed to be made of high resistance . Not at all. 
I had to cut the path myself, and my hands are still sore. All the army of my op
ponents and detractors was ever able to drum up against me in a fanatic contest 
has simmered down to a short article by an Italian - Prof. Ferraris - dealing with 
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an abstract and meaningless idea of a rotating magnetic pole and published years 
after my discovery, months even after my complete disclosure of the whole practi
cally developed system in all its essential universally adopted features. It is 
a publication, pessimistic and discouraging, devoid of the discoverer's virility 
and force, devoid of results, utterly wanting in the faith and devotion of the 
inventor, a defective and belated record of a good but feeble man whose only re
sponse to my whole-souled brother greeting was a plaintive cry of priority - a sad 
contrast to the strong and equanimous Schallenberger, a true American engineer, 
who stoically bore the pain that killed him. 

A fundamental discovery or original invention is always useful, but it is often 
more than that. There are physicists and philosophers to whom the marvelous man
ifestations of my rotating magnetic field, the suggestive phenomena of rotation 
without visi ble conne,ction, the ideal beauty of my induction motor with its con
tactless armature, mean quite as much as the thousands of millions of dollars in
vested in enterprises of which it is the foundation. 

And this is true of all my discoveries, inventions, and scientific results 
which I have since announced, for I have never invented what immediate necess i ty 
suggested, but what I found as most desirable to invent, irrespective of time. Let 
me tell you only of one -my 11magni.fying transmitter .. , a machine with which I have 
passed a current of one hundred amperes around the globe, with which I can make 
the whole earth loudly repeat a word spoken in the telephone, with which I can 
easily bridge the gulf which separates us from Mars . Do you mean to say that my 
transmitter is nothing more than a "useful piece of electrical apparatus''? 

I do not wish to enlarge on thi s for obvious reasons. To be compelled by tac
iturn admir·ers to dwell on my own achievements is hurting my delicate sensibil
ities, but as I observe your heroic and increasing efforts in praising your paper, 
while your distinguished confreres maintain on its merits a stolid silence, I feel 
that there is, at least, one man in New York able to appreciate the incongeniality 
of the correspondence. Allow me to ask you just one or two questions in regard to 
a work which I began in 1892, inspired by a high tribute from Lord Rayleigh at the 
Royal Institution, most difficult labor which I have carried on for years, en
couraged by the sympathetic interest and approval of Hemholtz, Lord Kelvin, and 
my great friends, Sir William Crookes and Sir James Dewar, ridiculed by small men 
whose names I have seen displayed in vulgar and deceptive advertisements. I refer 
to my system of wireless transmission of energy. 

The principles which it involves are eternal . We are on a conducting body, in
sulated in space, of definite and unchangeable dimensions and properties. It will 
never be possible to transmit electrical energy economically through this body and 
its environment except by essentially the same means and methods which I have dis
covered, and the system is so perfect now that it admits of but little improvement. 
Since I have accepted as true your opinion, which I hope will not be shared by 
posterity, would you mind telling a reason why this advance should not stand wor
thily beside the discoveries of Copernicus? Will you state why it should not be 
ever so much more important and valuable to the progress and welfare of man? 

We could still believe in the geocentric theory and yet advance virtually as we 
do . The work of the astronomer would suffer, for some of his deductions would 
rest on erroneous assumptions. But, after all, we shall never know the intimate 
nature of things. So long as our perceptions are accurate our logic will be true. 
No one can estimate to what an extent the great knowledge he conveyed has been in
strumental in developing the power of our minds and furthering discovery and i'nv
ention. Yet, it has left all the pressing material problems confronting us 
unsolved. 
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Now my wireless sy·stem offers practical solutions for all. The aerial naviga
tion, which now agitates the minds, is only one of its many and obvious applica
tions equally consequential. The waterfal ls of this country alone, its greatest 
wealth, are adequate to satisfy the wants of humanity for thousands of years to 
come. Their energy can be used with the same facility to dig the Panama Canal as 
to operate the Siberian Railway or to irrigate and fertilize the Sahara. The 
Anglo-Saxon race has a great past and present, but its real greatness is in the 
future, when the water power it owns or controls shall supply the necessities of 
the entire world. 

As to universal peace - if there is nothing in the order of nature which makes 
war indispensable to the safe and sane progress of man, if that utopian existence 
is at all possible, it can be only attained through this very means, for all inter
national friction can be traced to but one cause - the immense extension of the 
planet. My system of wireless transmission completely annihilates distance in all 
departments of human activity. 

If this does not appeal to you sufficiently to recognize in me a discoverer of 
principles, do me, at least , the justice of calling me an 11 inventor of some beauti-
ful pieces of electrical apparatus." · 
NIKOLA TESLA 
New York, June 21, 1907 

N~ York Times 
Oct. 19, 1907, p. 8 , col . 5. 

SLEEP FROM ELECTRICITY. 

Nikola Tesla Noted Narcotic Influences of Periodic Currents in 1898. 
To the Editor of The New York Times: 

I have read with interest the reports in The Times of the 13th and 15th inst . 
referring to Prof. Leduc•s discovery of causing sleep by electric means. While it 
is possible that he has made a distinct advance there is no novelty in the effect 
itself. 

The narcotic influence of certain periodic currents was long ago discovered by 
me and has been pointed out in some of my technical publications, among which I may 
menti on a paper on ••High Frequency Oscillators for Electro Therapeutic and Other 
Purposes 11

, read before the American Electro Therapeutic Association, Sept. 13, 1898. 
I have also shown that human tissues offer little resistance to the electric flow 
and suggested an absolutely pai nless method of electrocution by passing the currents 
through the brain. It is very likely that Prof. Leduc has taken advantage of the 
same general principles though he applies the currents in a different manner. 

In one respect, however , my observations are at variance with those reported. 
From the special dispatch in The Times of the 13th inst . it would appear that sleep 
is induced the moment the currents are turned on, and that awakening follows as 
soon as the electrodes are withdrawn. It is, of course, impossible to tell how 
strong a current was employed, but the resistance of the head might have been, per
haps, 3,000 ohms, so that at thirty volts the current could have been only about 
1-·100 of an ampere. Now, I have passed a current of at least 5,000 times stronger 
through my head and did not lose consciousness, but I invariably fell into a leth
argic sleep some time after. This fact impresses me with certain arguments of 
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Prof. Barker of Columbia University in your issue of Sept. 15. 

I have always been convinced that electric anaesthesia will become practical~ 
but the application of currents to the brain is so delicate and dangerous an op
eration that the new method will require long and careful experimentation before 
it can be used with certitude. 
NIKOLA TESLA 
New York~ Oct. 16~ 1907. 

Ne!J) York Times 
Oct. 22, 1907, p. 8, col. 6. 

POSSIBILITIES OF "WIRELESS., 

Nikola Tesla Says Distance Forms No Obstacle to Transmission of Energy. 
To the EditoP of The Ne!J) York Times: 

In your issue of the 19th inst. Edison makes statements which cannot fail to 
create erroneous impressions. 

There is a vast difference between primitive Hertzwave signalling~ practicable to 
but a few miles, and the great art of wireless transmission of energy, which enables 
an expert to transmit, to any distance, not only signals, but power in unlimited 
amounts, and of which the experiments acr oss the Atlantic are a crude application. 
The plants are quite inefficient~ unsuitable for finer work, and totally doomed to 
an effect less than one percent of that I attained in my test in 1899. 

Edison thinks that Sir Hiram Maxim is blowing hot air. The fact is my Long Is
land plant will transmit almost its entire energy to the antipodes~ if desired. As 
to Martin's communication I can only say, that I shall be able to attain a wave 
activity of 800,000,000 horse power and a simple calculation will show~ that the 
inhabitants of that planet, if there be any, need not have a Lord Raleigh to detect 
the disturbance. 

Referring to your editorial comment of even date, the question of wireless inter
ference is puzzling only because of its novelty. The underlying principle is old, 
and it has presented itself for consideration in numerous forms. Just now it appears 
in the novel aspects of aerial navigation and wireless transmission . Every human 
effort must of necessity create a disturbance. What difference is there in essence ~ 
between the commotion produced by any revolutionary idea or improvement and that of 
a wireless transmitter? The spectre of i nterference has been conjured by Hertzwave 
or radio telegraphy in which attunement is absolutely impossible, simply because the 
effect diminishes rapidly with distance. But to my system of energy transmission, 
based on the use of impulses not sensibly diminishing with distance, perfect attune
ment and the higher artifice of individualization are practicable. As ever, the 
ghost will vanish with the wireless dawn. 

NIKOLA TESLA 
New York~ Oct. 21, 1907. 
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TESLA ON WIRELESS. 
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Electrical Inventor Thinks Marconi 1 s Plants Ineffi cient. 

To the Editor of The Tribune: 

Sir: In so far as wireless art is concerned there is a vast difference between 
the great inventor Thomas A. Edison and myself, integrally in my favor. Mr . Edison 
knows little of the theory and practice of electrical vibrations; I have, in this 
special field, probably more experience than any of my contemporaries. That you 
are not as yet able to impart your wisdom by wireless telephone to some subscriber 
in any other part of the world,, however remote, and that the presses of your val
uable paper are not operated by wireless power is largely due to your own effort 
and those of some of your distinguished confreres of this city, and to the effic
ient assistance you have received from my celebrated colleagues, Thomas A. Edison 
and Michael Pupin, assistant consulting wireless engineers. But it was all welcome 
to me. Difficulty develops resource. 

The transmission across the Atlantic was not made by any device of Mr. Marconi's , 
but by my system of wireless transmission of energy, and I have already given no
tice by cable to my friend Sir James DeWar and the Royal Institution of this fact. 
I shall also request some eminent man of science to take careful note of the whole 
apparatus, its mode of operation, dimensions, linear and electrical, all constants 
and qualitative performance, so as to make possible its exact reproduction and rep
etition of the experiments. This request is entirely impersonal . I am a citizen 
of the United States, and I know that the time will come when my busy fellow citi
zens, too absorbed in commercial pursuits to think of posterity, will honor my mem
ory. A measurement of the time interval taken in the passage of the signal neces
sary to the full and positive demonstration will show that the current crosses the 
ocean with a mean speed of 625,000 miles a second. 

The Marconi plants are inefficient, and do not lend themselves to the practice 
of two discoveries of mine, the 11art of individualization", that makes the message 
non-interfering and non-interferable, and the "stationary waves", which annihilate 

• distance absolutely and make the whole earth equivalent to a conductor devoid of 
resistance . Were it not for this deficiency, the number of words per minute could 
be increased at will by "individualizing". 

You have already commented upon this advance in terms which have caused me no 
small astonishment, in view of your normal attitude. The underlying principle is 
to combine a number of vibrations, preferably slightly displaced, to reduce further 
the danger of interference, active and passive, and to make the operation of the 
receiver dependent on the co-operative effect of a number of attuned elements. Just 
to illustrate what can be done, suppose that only four vibrations were isolated on 
each transmitter. Let those on one side be respectively a, b, c, and d. Then the 
following individualized lines would be ab, ac, ad, be, bd, cd, abc, abd, acd, bed 
and abed. The same article on the other side will give similar combinations, and 
both together twenty-two lines, which can be simultaneously operated. To transmit 
one thousand words a minute, only forty-six words on each combination are necessary. 
If the plants were suitable, not ten years, as Edison thinks, but ten hours would 
be necessary to put this improvement into practice. To do this Marconi would ~ave 
to construct the plants, and it will then be observed that the indefatigable Ital 
ian has departed from universal engineering customs for the fourth time. 

NIKOLA TESLA 
New York, Oct. 24, 1907 
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New Yorak Times 
Dec. 20, 1907 , p. 4, co 1 . 4. 

MY APPARATUS, SAYS TESLA. 

Confident, However, That Wireless Telephony is Entirely Possible. 
To the Editor of the N~ York Times: 

I have read with great interest the report in your issue of to-day that the 
Danish engineer, Waldemar Poulson, the inventor of the interesting device known as 
the "telegraphone", has succeeded in transmitting accurately wireless telephonic 
messages over a distance of 240 miles. 

I have looked up the description of the apparatus he has employed in the experi
ment and find that it comprises: 

(1) My grounded resonant transmitting circuit; (2) my inductive exciter; (3) 
the so-called "Tesla transformer .. ; (4) my inductive coils for raising the tension 
on the condenser; (5) my entire apparatus for producing undamped or continuous 
oscillations; (6) my concatenated tuned transforming circuits; (7) my grounded 
resonant receiving transformer; (8) my secondary receiving transformer. I note 
other improvements of mine, but those mentioned will be sufficient to show that 
Denmark is a land of easy invention. 

The claim that transatlantic wireless telephone service will soon be established 
by these means is a modest one. To my system distance has absolutely no signifi
cance. My own wireless plant will transmit speech across trne Pacific with the 
same precision and accuracy as across the table . 
Nikola Tesla 
New York, Dec. 19, 1907 

WIRELESS TELEGRAPHY & TELEPHONY 
By Walter W. Massie & Charles R. Underhill, 1908, pp. 67-71. 

THE FUTURE OF THE WIRELESS ART 

Mr. Nikola Tesla, in a recent interview by the authors, as to the future of the 
Wireless Art, volunteered the following statement which is herewith produced in his 
own words. 

"A mass itn movement resists change of direction. So does the world oppose a new 
idea. It takes time to make up the minds to its value and importance. Ignorance, 
prejudice and inertia of the old retard its early progress. It is discredited by 
insincere exponents and selfish exploiters. It is attacked and condemned by its 
enemies. Eventually, though, all barriers are thrown down, and it spreads like 
fire. This will also prove true of the wireless art . 

11 The practical appl ications of this revolutionary principle have only begun. So 
far they have been confined to the use of oscillations which are quickly damped out 
in their passage through the medium. Still, even this has commanded universal at
tention. What will be achieved by waves which do not diminish with distance, baff
les comprehension. 

11 It is difficult for a layman to grasp how an electric current can be propagated 
to distances of thousands of miles without diminution of intention. But it is sim
ple after all. Distance is only a relative conception, a reflection in the mind of 
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physical limitation. A view of electrical phenomena must be free of this delusive 
impression. However surprising, it is a fact that a sphere of the size of a little 
marble offers a greater impediment to the passage of a current than the whole earth . 
Every experiment, then, which can be performed with such a small sphere can like
wise be carried out, and much more perfectly, with the immense globe on which we 
live, This is not merely a theory, but a truth established in numerous and care
fullly conducted experiments. When the earth is struck mechanically, as is the case 
in some powerful terrestrial upheaval, it vibrates like a bell, its period being 
measured in hours. When it is struck electrically, the charge oscillates, approxi
mately, twelve times a second. By impressing upon it current waves of certain 
lengths, definitely related to its diameter, the globe is thrown into resonant vi
bration like a wire , stationary waves forming, the nodal and ventral regions of 
which can be located with mathematical precision. Owing to this fact and the 
spheroidal shape of the earth, numerous geodetical and other data, very accurate 
and of the greatest scientific and practical value, can be readily secured. Through 
the observation of these astonishing phenomena we shall soon be able to determine 
the exact diameter of the planet, its configuration and volume, the extent of its 
elevations and depressions, and to measure, with great precision and with nothing 
more than an electrical device, all terrestrial distances. In the densest fog or 
darkness of night, without a compass or other instruments of orientation, or a 
timepiece, it will be possible to guide a vessel along the shortest or orthodromic 
path, to instantly read the latitude and longitude, the hour, the distance from 
any point, and the true speed and direction of movement. By proper use of such 
disturbances a wave may be made to travel over the earth's surface with any vel
ocity desired, and an electrical effect produced at any spot which can be selected 
at wi ll and the geographical position of which can be closely ascertained from 
simple rules of trigonometry. 

"This mode of conveying electrical energy to a distance is not 'wireless' in the 
popular sense, but a transmission through a conductor, and one which is incomparably 
more perfect than any artificial one. All impediments of conduction arise from con
finement of the electric and magnetic fluxes to narrow channels. The globe is free 
of such cramping and hinderment. It is an ideal conductor because of its immensity, 
isolation in space, and geometrical form. Its singleness is only an apparent lim
itation, for by impressing upon it numerous non-interfering vibrations, the flow of 
energy may be directed through any number of paths which, though bodily connected, 
are yet perfectly distinct and separate like ever so many cables. Any apparatus, 
then, which can be operated through one or more wires, at distances obviously limi
ted, can likewise be worked without artificial conductors, and with the same facil
ity and precision, at distances without limit other than that imposed by the physi
cal dimensions of the globe. 

"It is intended to give practical demonstrations of these principles with the 
plant illustrated. As soon as completed, it will be possible for a business man in 
New York to dictate instructions, and have them instantly appear in type at his 
office in London or elsewhere. He will be able to call up, from his desk, and talk 
to any telephone subscriber on the globe, without any change whatever in the exist
i ng equipment. An inexpensive instrument , not bigger than a watch, will enable its 
bearer to hear anywhere, on sea or land, music or song, the speech of a political 
leader, the address of an eminent man of science, or the sermon of an eloquent 
clergyman, delivered in some other place, however distant . In the same manner any 
picture, character, drawing, or print can be transferred from one to another place. 
Millions of such instruments can be operated from but one plant of this kind. More 
important than all of this, however, will be the transmission of power, without 
wir·es, which will be .shown on a scale large enough to carry conviction. These few 
indications will be sufficient to show that the wireless art offers greater possi
bilities than any invention or discovery heretofore made, and if the conditions are 
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favorable, we can expect with certitude that i n the next few years wonders wil l be 
wrought by its appli cati on . .. 

THE TESLA WIRELESS PLANT ON LONG ISLAND 



N. Y. World 
Jan. 5, 1908 

NIKOLA TESLA'S FORECAST FOR 1908. 
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Aerial and Sea Navigation and Wireless Telegraphy to Make Astounding Strides. 
To the Editor of The World: 

A forecast - not a prophecy! 
Constant and careful study of the state of things in this particular sphere ena

bles an expert to make a forecast fairly accurate of the next state. The seemingly 
isolated events are to him but links of a chain. As a rule, the signs he notes are 
so pronounced that he can predict the changes about to take place with certitude. 
The performance is a mere banality as compared with the piercing view of the inspir
ed into the distant future. This is a forecast - not a prophecy. 

The coming year will be great in thought and result. It will mark the end of a 
number of erroneous ideas which, by their paralyzing effect on the mind, have throt
tled independent research and hampered progress and development in various depart
ments of science and engineering. 

The first to be dispelled is the illusion of the Hertz or electro-magnetic waves. 
The expert already realizes that practical wireless telegraphy and telephony are 
possible only by minimizing this wasteful radiation. The results recently attained 
in this manner with comparatively crude applicances illustrate strikingly the pos
sibilities of the genuine art. Before the close of the year wireless transmission 
across the Pacific and trans-Atlantic wireless telephony may be expected with per
fect confidence. The use of the wireless telephone in isolated districts will 
spread like fire . 

The year will mark the fall of the illusionary idea that action must diminish 
with distance. By impressing upon the earth certain vibrations to which it responds 
resonantly, the whole planet is virtually reduced to the size of a l i ttle marble, 
thus enabling the reproduction of any kind of effect, as human speech, music, pic
ture or character whatever, and even the transmission of power in unlimited amounts 
with exactly the same facility and economy at any distance, however great. 

The next twelve months will witness a similar revolution of ideas regarding 
radio-activity. That there is no such element as radium, pollonium or ronium is 
becoming more and more evident. These are simply deceptive appearances of a modern 
phlogiston. As I have stated in my early announcement of these emanations before 
the discovery of Mme. Curie, they are emitted more or less by all bodies, and are 
all of the same kind - merel y effects of shattered molecules, differentiated not 
by the nature of substance but by size, speed and electrification. 

The coming year will dispel another error which has greatly retarded progress 
of aerial navigation. The aeronaut wil l soon satisfy himself that an aeroplane 
proportioned according to data obtained by Langley is altogether too heavy to soar, 
and that such a machine, while it will have some uses , can never fly as fast as a 
dirigible balloon. Once this is fully recognized the expert will concentrate his 
efforts on the latter type, and before many months are passed it will be a familiar 
object in the sky. 

There is abundant evidence that distinct improvements will be made in ship pro
pulsion . The numerous theories are giving place to the view that what propels the 
vessel is a reactive jet; hence the propeller is doomed in efficiency at high speed. 
A new principle will be introduced. 

The World is invited to test the accuracy of this forecast at the close of the 
year. 

NIKOLA TESLA 
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Ner..J Yor>k Times 
April 21, 1908, p. 5, col. 6. 

MR. TESLA'S VISION 

How the Electrician's Lamp of Aladdin May Construct New Worlds. 
To the Editor of the New York Times : 

From a report in your issue of March 11, which escaped my attention, I notice 
that some remarks I made on the occasion referred to have been misunderstood. Allow 
me to make a correction. 

When I spoke of future warfare I meant that it should be conducted by direct 
application of electrical waves without the use of aerial engines or other imple
ments of destruction. This means, as I pointed out, would be ideal, for not only 
would the energy of war require no effort for the maintenance of its potentiality, 
but it would be productive in times of peace. This is not a dream. Even now wire
less power plants could be constructed by which any region of the glolbe might be 
rendered uninhabitable without subjecting the population of .other parts to serious 
danger or inconvenience. 

What I said in regard to the greatest achievement of the man of science whose 
mind is bent upon the mastery of the physical universe, was nothing more than what 
I stated in one of my unpublished adresses, from which I quote: "According to an 
adopted theory, every ponderable atom is differentiated from a tenuous fluid, fil
ling all space merely by spinning motion, as a whirl of water in a calm lake. By 
being set ir movement this fluid, the ether, becomes gross matter. Its movement 
arrested, the primary substance reverts to its normal state. It appears, then~ 
possible for man through harnessed energy of the medium and suitable agencies for 
sta·rting and stopping ether whirls to cause matter to form and disappear. At his 
command, almost without effort on his part, old worlds would vanish and new ones 
would spring into being. He could alter the size of this planet, control its sea
sons, adjust its distance from the sun, guide it on its eternal journey along any 
path he might choose, through the depths of the universe. He could make planets 
collide and produce his suns and stars, his heat and light; he could originate life 
in all its infinite forms. To cause at will the birth and death of matter would be 
man's grandest deed, which would give him the mastery of physical creation, make him 
fulfill his ultimate destiny." 

Nothing could be further from my thought than to call wireless telephony around 
the world "the greatest achievement of humanity" as reported. This is a feat which, 
however stupifying, can be readily performed by any expert. I have myself constuct
ed a plant for this very purpose. The wireless wonders are only seeming, not re~ 
sults of exceptional skill, as popularly believed. The truth is the electrician has 
been put in possession of a veritable lamp of Aladdin. All he has to do is to rub 
it. Now, to rub the lamp of Aladdin is no achievement. 

Jf you are desirous of hastening the accomplishment of still greater and further
reaching wonders you can do no better than by emphatically opposing any measure 
tending to interfere with the free commercial exploitation of water power and the 
wireless art. So absolutely does human progress depend on the development of these 
that the smallest impediment, particularly through the legislative .bodies of this 
country, may set back civilization and the cause of peace for centuries. 

Nikola Tesla 
New York, April 19, 1908 



113 

New Yorsk Times 
June 8, 1908 p. 6, col. 5 

LITTLE AEROPLANE PROGRESS 

So Says Nikola Tesla - But He is Working on One of His Own. 
To the Editor of the New York Times: 

It was not a little amusing to read a short time ago how the "great secret" of 
the aeroplane was revealed. By surrounding that old device with an atmosphere of 
mystery one gives life and interest to the report; but the plain fact is that all 
forms of aerial apparatus are well known to engineers, and can be designed for any 
specific duty without previous trials and with a fair degree of accuracy. The fly
ing machine has materialized - not through leaps and bounds of invention, but by 
progress slow and imperceptible, not through original individual effort, but by a 
combination of the same forces which brought forth the automobile, and the motor
boat. It is due to the enterprise of the steel, oil, electrical, and other con
cerns, who have been instrumental in the improvement of materials of construction 
and in the production of high-power fuels, as well as to the untiring labors of the 
army of skilled but unknown mechanics, who have been for years perfecting the inter
nal combustion engine. 

There is no salient difference between the dirigible balloon of Renard and Krebs 
of thirty years ago and that of Santos Dumont with which the bold Brazilian per
formed his feats. The Langley and Maxim aerodromes, which did not soar, were in my 
opinion better pieces of mechanism than their very latest imitations. The powerful 
gasoline motor which has since come into existence is practically the only radical 
improvement. 

So far, howevPr, only the self-propelled machine or aerial automobile is in 
sight. While the dirigible balloon is rapidly nea r ing the commercial stage, noth
ing practical has as yet been achieved with the heavier-than-air machine. Without 
exception the apparatus is flimsy and unreliable. The motor, too light for its 
power, gives out after a few minutes run; the propeller blades fly off; the rudder 
is broken, and, after a series of such familiar mishaps, there comes the inevitable 
and general smash-up. In strong contrast with these unnecessarily hazardous trials 
are the serious and dignified efforts of Count Zeppelin, who is building a real fly
lng machine, safe and reliable, to carry a dozen men and provisions over distances 
of thousands of miles, and with a speed far in excess of those obtained with aero
planes. 

The limits of improvement in the flying machine, propelled by its own power~ 
whether light or heavy, are already clearly defined. We know very closely what we 
may expect from the ultimate perfection of the internal combustion engine, the re
sistances which are to be overcome, and the limitations of the screw propeller. The 
margin is not very great. For many reasons the wireless transmission of power is 
the only perfect and lasting sol ution to reach very high speeds. 

In this respect many experts are mistaken. The popular belief that because the 
air has only one-hundredth the density of water, enormous vel ocities should be prac
ticable. But it is not so. It should be borne in mind that the air is one hundred 
times more viscous than water, and because of this alone the speed of the flying 
machine could not be much in excess of a properly designed aqueous craft. 

The aeroplanes of the Langley type, such as was used by Farman and others with 
s0me success, will hardly ever prove a practical aerial machine, because no provision 
is made for maintaining it in the air in a downward current . This and the perfect 
balance independently of the navigator's control is absolutely essential to the 
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success of the heavier-than-air machine. These two improvements I am myself en
deavoring to embody in a machine of my own design. 

Nikola Tesla 
New York, June 6, 1908 

NeuJ York Times 
Sept. 15, 1908 

TESLA ON AEROPLANES. 

Says Successful Heavier-Than-Air Flier Will be Different. 
To the Editor of The N~ York Times: 

The chronicler of current events is only too apt to lose sight of the true per
spective and real significance of the phases of progress he records. Naturally 
enough, his opinions on subjects out of the sphere of his special training are fre
quently defective, but this is inseparable from the very idea of journalism. If an 
editor were to project himself into the future and view the happenings of the pres
ent or of the past in their proper relations he would make a dismal failure of his 
paper. 

The comments upon the latest performances with aeroplanes afford interesting ex
amples in this respect. What is there so very different between a man flying half 
an hour and another, using a more powerful machine, an hour, or two, or three? To 
be sure, i~ one instance the supporting planes are larger and the gasoline tank big
ger, but there is nothing revolutionary in these departures. No one can deny the 
merit of the accomplishments. The feats are certainly remarkable and of great edu
cational value. 

The majority of human beings are unreceptive to novel ideas. The practical dem
onstrator comes with forceful arguments which enlighten and convince. But they are 
nothing more than obvious consequences of what has preceded, steps in advance which, 
taken singly, are of no particular importance, but which, in their totality, make 
up the conquest of the worlct by the new idea. If any one stands out more strongly 
than the other it is merely because it chances to occur at the psychological moment, 
when incredul ity and doubt are giving way to confidence and expectancy. Such work 
is often brilliant, never great, as some would make believe. To be great it must be 
original. Of such feature it is absolutely devoid. 

Place any of the later aeroplanes beside that of Langley, their prototype, and 
you will not find as much as one decided improvement. There are the same old pro
pellers, the same old inclined planes, rudders, and vanes - not a single notable 
difference. Some have tried to hide their 11discoveries. 11 It is like the hiding of 
an ostrich who buries his head in the sand. Half a dozen aeronauts have been in 
turn hailed as conquerors and kings of the air. It would have been much more appro
priate to greet John D. Rockefeller as such. But for the abundant supply of high
grade fuel we would still have to wait for an engine capable of supporting not only 
itself but several times its own weight against gravity. 

The capabilities of the Langley aerodrome have been most strikingly illustrated. 
Notwithstanding this, it is not a practical machine. It has a low efficiency of 
propulsion, and the starting, balancing, and alighting are attended with difficul
ties. The chief defect, however, is that it is doomed if it should encounter a 
downwar·d gust of wind. The he 1 i copter is in these respects much preferab 1 e, but is 
objectionable for other reasons. The successful heavier-than-air flier will be 
based on principles radically novel and will meet all requirements. It will soon 
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materialize, and when it does it will give an impetus to manufacture and commerce 
such as was never witnessed before, provided only that the Governments do not re
sort to the methods of the Spanish Inquisition, which have already proved so dis
astrous to the wireless art, the ideal means for making man absolute master of the 
air. 

Ni(c)ola Tesla 
New York, Sept. 13, 1908 

N~ York Times 
May 23, 1909, p. 10, col. 6,7. 

HOW TO SIGNAL MARS 

Wireless the Only Way Now, Says Nikola Tesla - Mirror Plans Not Practicable. 
To the Editor of the New York Times: 

Of all the evidence of narrow mindedness and folly, I know of no greater than 
the stupid belief that this little planet is singl ed out to be the seat of life, 
and that all other heavenly bodies are fiery masses or lumps of ice. Most certain
ly, some planets are not inhabited, but others are, and among these there must exist 
life under all conditions and phases of development. 

In the solar system Venus, the Earth, and Mars represent respectively, youth, 
full growth, and old age. Venus, with its mountains rising dozens of miles into 
the atmosphere, is probably as yet unfitted for such existence as ours, but Mars 
must have passed through all terrestrial states and conditions. 

Civilized existence rests on the development of the mechanical arts. The force 
of gravitation on Mars is only two-thirds of that on earth , hence all mechanical 
problems must have been much easier of solution. This is even more so of the elec
trical. The planet being much smaller, the contact between indi viduals and the 
mutual exchange of ideas must have been much quicker, and there are many other rea
sons why intellectual life should have been on that planet, phenomenal in its 
evolution. 

To be sure, we have no absolute proof that Mars is inhabited. The straightness 
of the canals, which has been held out as a convincing indication to this effect, 
is not at all such. We can conclude with mathematical certitude that as a planet 
grows older and the mountains are leveled down, ultimately every river must flow 
in a geodetically straight line. Such straightening is already noticeable in some 
rivers of the earth. 
Believes Mars Signaled Him. 

But the whole arrangement of the so-called waterways, as pictured by Lowell, 
would seem to have been designed. Personally I base my faith on the feeble planet
ary electrical disturbances which I discovered in the summer of 1899, and which, 
according to my investigations, could not have originated from the sun, the moon, 
or Venus. Further study since has satisfied me that they must have emanated from 
Mars. All doubt in this regard will be soon dispelled. 

To bring forth arguments why an attempt should be made to establish interplanet
ary communication would be a useless and ungrateful undertaking. If we had no other 
reason, it would be justified by the universal interest which it will command, and 
by the inspiring hopes and expectations to which it would give rise. I shall rath
er concentrate my efforts upon the examination of the plans proposed and the 
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description of a method by which this seemingly impossible task can be readily 
accomplished. 

The scheme of signaling by rays of light is old, and has been often discussed, 
perhaps, more by that eloquent and picturesque Frenchman, Camille Flammarion, than 
anybody else. Quite recently Prof. W. H. Pickering, as stated in several issues of 
the New York Times, has made a suggestion which deserves careful examination. 

The total solar radiation falling on a terrestrial area perpendicular to the rays 
amounts to eighty-three foot pounds per square foot per second. This activity meas
ured by the adopted standard is a little over fifteen one-thousandth of a horse
power. But only about 10 per cent of this whole is due to waves of light. These, 
however, are of widely different lengths, making it impossible to use all in the 
best advantage, and there are specific losses unavoidable in the use of mirrors, 
so that the power of sunlight reflected from them can scarcely exceed 5.5 foot 
pounds per square foot per second, or about one one-hundredth of a horse-power. 
A Giant Reflector Needed. 

In view of this small activity, a reflecting surface of a.t least one-quarter 
million square feet should be provided for the experiment . This area, of course, 
should be circular to insure the greatest efficiency, and, with due regard to 
economy, it should be made up of mirrors rather small, such as to meet best the 
requirements of cheap manufacture. 

The idea has been advanced by some experts that a small reflector would be as 
efficient as a large one. This is true in a degree, but holds good only in helio
graphic transmission to small distances when the area covered by the reflected beam 
is not vast)y in excess of that of the mirror. In signaling to Mars, the effect 
would be exactly proportionate to the aggregate surface of the reflections. With 
an area of one-quarter million square feet the activity of the reflected sunlight, 
at the origin would be about 2,500 horse-power. 

It scarcely need be stated that these mirrors would have to be ground and polish
ed most carefully. To use ordinary commercial plates, as has been suggested, would 
be entirely out of the question, for at such an immense distance the imperfections 
of surface would fatally interfere with efficeincy. Furthermore, expensive clock 
work would have to be employed to rotate the reflectors in the manner of heliostats, 
and provision would have to be made for protection against destructive atmospheric 
influence. It is extremely doubtful that so formidable an a rray of apparatus could 
be produced for $10,000,000, but this is a consideration of minor · importance to 
this argument. 
Sight Unlimited in a Vacuum. 

If the reflected rays were paralled and the heavenly bodies devoid of atmospheres, 
nothing would be simpler than signal i ng to Mars, for it is a truth accepted by phys
icists that a bundle of parallel rays, in vacuo, would illuminated an area with the 
same intensity, whether it be near or infinitely remote. In other words, there is 
no sensible loss in the transportation of radiant energy through interplanetary or 
vacuous space. This being the case, could we but penetrate the prison wall of the 
atmosphere, we could clearly perceive the smallest object on the most distant star, 
so inconceivably tenuous, frictionless, rigid, and elastic is the medium pervading 
the universe. 

The sun•s rays are usually considered to be parallel, and are virtually so 
through a short trajectory, because of the immense distance of the luminary. But 
the raciations, coming from a distance of 93,000,000 miles, emanate from a sphere 
865,000 miles in diameter, and, consequently, most of them will fall on the mirrors 
at an angle less than 90 degrees, with the result of causing a corresponding 
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divergence of the reflected rays. Owing to the equality of the angles of incidence 
and reflection, it follows that if Mars were at half the sun's distance, the rays 
reaching the planet would cover an area of about one-quarter of that of the solar 
disc, or in round numbers, 147,000,000,000 square miles, which is nearly 16,400,000, 
000 times larger than that of the mirrors . This means that the intensity of the 
radiation received on Mars would be just that many times smaller. 

To convey a definite idea, it may be stated that the light we get from the moon 
is 600,000 times feebler that that of the sun. Accordingly, even under these purely 
theoretical conditions the Pickering apparatus could do no more than produce an il
lumination 27,400,000 times feebler than that of the.full moon, or 1,000 times 
weaker than that of Venus. 
Atmosphere the Chief Obstacle. 

The preceeding is based on the assumption that there is nothing in the path of 
the reflected rays except the tenuous medium filling all space. But the planets 
have atmospheres which absorb and refract. We see remote objects less distinctly, 
we perceive stars long after they have fallen below the horizon. This is due to 
absorption and refraction of the rays passing through the air. While these effects 
cannot be exactly estimated it is certain that the atmosphere is the chief impedi
ment to the study of the heavens . 

By locati ng our observatories one mile above sea level the quantity of matter 
which the rays have to traverse on their way to the planet is reduced to one-third. 
But, as the air becomes less dense, there is comparatively little gain to be de
rived from greater elevation. What chance would there be that the reflected rays, 
reduced· to an intensity far below that estimated above, would produce a visible 
si9nal on Mars? Though I do not deny this possibility, all evidence points to the 
contrary. 

Lowell, a trained and restless observer, who has made the study of Mars his spe
cialty, and is working under ideal conditions, has been so far unable to perceive 
a light effect of the magnitude such as the proposed signaling apparatus might pro
duce there. Phobos, the smaller of the two satellites of Mars - from seven to 10 
miles in diameter - can only be seen at short intervals when the planet is in op
position. The satellite presents to us an area of approximately fifty square miles, 
reflecting sunlight at least as well as ordinary earth, which has little over one
twelfth of the power of a mirror. 

Stated otherwise, an equivalent effect at that distance would be produced by 
mirrors cover ing four square miles, which means two square miles of the same 
reflectors if located on earth, as it receives sunlight of twice the intensity. 
Now this is an area 222 times larger than that of the ten million dollar reflector, 
and yet Phobos is hardly perceptible. It is true that the observation of the satel
lite is rendered diffi cult by the glare of its mother planet. But this is offset 
by the fact that it is in vacuum and that its rays suffer little diminution through 
absorption and refraction of the earth's atmosphere. 

Mirror Signal Impossible Now. 
What has been stated is thought sufficient to convince the reader that there is 

little to be expected from the plan under discussion. The idea naturally presents 
itself that mirrors might be manufactured which will reflect sunlight in parallel 
beams. For the time being this is a task beyond human power, but no one can set a 
limit to the future achievement of man. 

Still more ineffective would be the attempt of signaling in the manner proposed 
by Dr . William R. Brooks and others, by artificial light, as the electric arc. In 
order to obtain a reflected light activity of 2,500 horsepower it would be neces
sary to install a power plant of not less than 75,000 horsepower, which, with its 



118 

turbines, dynamos, parabolic reflectors and other paraphernalia, would probably 
cost more than $10,000,000. While this method would permit operation at favorable 
times, when the earth is nearer to, and has its dark side turned toward Mars, it 
has the disadvantage of involving the use of reflected rays necessarily more diver
gent than those of the sun, it being impossible to construct mirrors of the required 
perfection and without their use the rays would be scattered to such an extent that 
the effect would be much smaller. 

Reflecting surfaces of great extent can be had readily. Prof. R. W. Wood makes 
the odd suggestion of using the white alkali desert of the southwest for the pur
pose . Prof. E. Doolittle advises the employment of large geometric figures. In 
my opinion none of these suggestions is feasible. The trouble is, t hat the earth 
itself is a reflector, not efficient, it i s true, but what it lacks in this respect 
is more than made up by the immensity of its area. To convey a perceptible signal 
in this manner it might require as much as 100 square miles reflecting surface. 
Wireless Offers the Best Plan. 

But t here is one method of putting ourselves in touch with other planets. Though 
not easy of execution, it is simple in principle. A circuit properly designed and 
arranged is connected with one of its ends to an insulated terminal at some height 
and with the other to earth. Inductively linked with it is another circuit in 
which electrical oscil'lations of great intensity are set up by means now familiar 
to electricians. This combination of apparatus is known as my wireless transmitter. 

By careful attunement of the circuits the expert can produce a vibration of ex
traordinary power, but when certain artifices, which I have not yet described are 
resorted to· the oscillation reaches transcending intensity. By this means, as told 
in my published technical records, I have passed a. powerful current around the globe 
and attained activities of many millions of horsepower. Assuming only a rate of 
15,000,000, readily obtainable, it is 6,000 times more than that produced by the 
Pickering mirrors . 

But, my method has other and still greater advantages. By its employment the 
electrician on Mars, instead of utilizing the energy received by a few thousand 
square feet of area, as in a parabolic reflector, is enabled to concentrate in his 
instrument the energy received by dozens of square miles, thus multi plyi ng the ef
fect many thousands of times. Nor is this all. By proper methods and devices he 
can magnify the received effect as many times again. 

It is evident, then, that in my experiments in 1899 and 1900 I have already pro
duced disturbances on Mars incomparably more powerful than could be attained by any 
light reflectors, however large. 

Electrical science is now so far advanced that our ability of flashing a signal 
to a planet is experimentally demonstrated. The question is, when will humanity 
witness that great triumph. This is readily answered. The moment we obtain abso
lute evidences that an intelligent effort is being made in some other world to this 
effect, interpl anetary transmission of intelligence can be cons idered an accomplish
ed fact. A primitive understanding can be reached quickly without difficulty. A 
complete exchange of ideas is a greater problem, but susceptible of solution. 
Nikola Tesla 
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Denver Roaky Mountain News 
Jan. 16, 1910, Section 2, p. 4, cols. 4,5. 

WHAT SCIENCE MAY ACHIEVE THIS YEAR 

New Mechanical Principle for Conservation of Energy 
The spread of civilization may be likened to that of fire: First, a feeble 

spark, next a flickering flame, then a mighty blaze, ever increasing in speed and 
power. We are now in this last phase of development. 

Human activity has become so widespread and intense that years count as centu
ries of progress. There is no more groping in the dark or accidentally stumbling 
upon discoveries. The results follow one another ~ ike the links of a chain. Such 
is the force of the accumulated knowledge and the insight into natural laws and 
phenomena that future events are clearly projected before our vision. To foretell 
what is coming would be no more than to draw logical conclusions, were it not for 
the difficulty i n accurately fixing the time of accomplishment. 

The practical success of an idea, irrespective of its · inherent merit, is depen
dent on the attitude of the contemporaries. If timely it is quickly adopted; if 
not, it is apt to fare like a sprout lured out of t he ground by warm sunshine, only 
to be inj ured and retarded in its growth by the succeeding frost . Another deter~ 
mining factor i s the amount of change involved in its introduction . To meet with 
instant success an invention or discovery must come not only as a rational , but a 
welcome solution. The year 1910 will mark the advent of such an idea. It is a new 
mechanical principle. 

Since the time of Archimedes certain elementary devices were known, which were 
finally reduced to two , the lever and the inclined plane. Another element is to be 
added to these, which will give rise to new conceptions and profoundly affect both 
the practical and theoretical science of mechanics. 

Thi s novel principle is capable of embodiment in all kinds of machinery. It will 
revolutionize the propulsion apparatus on vessels, the locomotive, passenger car and 
the automobile. It will give us a practical f lying machine entirely different from 
those made heretofore in operation and control, swift, small and compact and so safe 
that a girl will be able to fly in it to school without the governess. But the great
est value of this improvement will be in its application in a field virtually unex
plored and so vast that it will take decades before the ground is broken. It is the 
field of waste. 

We build but to tear down. Most of our work and resource is squandered. Our on
ward march is marked by devastation. Everywhere there is an appalling loss of time, 
effort and life. A cheerless view, but true. A single example out of many will 
suffice for illustration. 

The energy necessary to our comfort and safe existence is largely derived from 
coal. In this country alone nearly one million tons of the life-sustaining material 
are daily extracted from the bowels of the earth with pain and sacrifice. This is 
about seven hundred tons per minute, representing a theoretical activity of, say, 
four hundred and fifty-million horsepower. But only a small percentage of this is 
usefully applied. 

In heating, most of the precious energy escapes through the flue. The chimneys 
of New York City puff out into the air several million horsepower. In the use of 
coal for power purposes, we hardly capture more than 10 percent. The exhaust of 
engines carries off more energy than obtained from live steam. 

In many modern plants the power has been actual ly doubled by obviating this waste. 
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but the machinery employed is cumbersome and expensive. The manufacture of light 
is in a barbarous state of imperfection, and this may also be said of many indus
trial processes. Consider just one case, the manufacture of iron and steel. 

America produces approximately 30,000,000 tons of pig iron per year. Each ton 
of iron requires about one and a half tons of coal, hence, in providing the iron 
market, 70,000,000 tons of coal per annum, or 133 tons per minute, are consumed. In 
the manufacture of coke a ton of coal yields, roughly, 10,000 cubic feet of gas of 
a mean heating capacity of 600 heat units per cubic foot. 

Bearing in mind that 133 tons are used per minute, the total heat units developed 
in that time would be 798,000,000, the mechanical equivalent of which is about 
19,000,000 horsepower. By the use of the new principle 7,000,000 horsepower might 
be rendered available. A furnace of 200 tons produces approximately 17,000 cubic 
feet of gas per minute of heat value of 100 units, corresponding to a theoretical 
performance of 40,000 horsepower, of which not less than 13,000 might be utilized 
in the improved apparatus referred to. The power derived by this method from all 
blast furnaces in the United States would be considerably above 5,000,000 horse
power. 

The preceding figures, which are conservative, show that it would be possible to 
obtain 12,000,000 horsepower merely from the waste gasses in the iron and steel manu
facture. The value of this power, fairly estimated, is $180,000,000 per annum, and 
it must be made worth much more by systematic exploitation. 

A part of the power could be advantageously employed for operating the blowers, 
rollers and other indispensable machinery and supplying electricity for smelting, 
steel making and other purposes. The bulk might be used in the manufacture of ni
trates, aluminum, carbides and ice. The production of nitrates would be particular~ 
ly valuable from the point of view of national economy. Assuming that 5,000,000 
horsepower were apportioned for that purpose, the annual yield would be not less 
than 10,000,000 tons of concentrated nitric compound, adequate to fertilizing 40, 
000,000 acres of land. A great encouragement would be given to agriculture and the 
condition of the steel and iron workers ameliorated by offering to them a fertilizer 
at a reduced rate, thus enabling them to cultivate their fanms with exceptiona l 
profit. Other conveniences and necessities, as light, power, ice and ozonized water 
could be similarly offered and numerous other improvements, both to the advantage of 
capital and labor, carried out. 

To appreciate the above it should be borne in mind that the iron and steel in
dustry is one of the best regulated in the world. In many other fields the waste 
is even greater. For example, in the operation of steam railroads, not less than 
98 per cent of the total energy of coal burned is lost. An enormous saving could 
be effected by replaci ng the present apparatus with new gas turbines and other im
proved devices for transmitting and storing mechanical energy. A study of this 
subject will convince that for the time being, at least, there is more opportunity 
for invention in the utilization of waste than in the opening up of new resources. 

N. Tesla 
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On Tesla Day, at the Northwest Electric Show, held at Minneapolis, Minn., March 
16th to 23rd, Mr. Tesla sent, through Archbishop Ireland, t he following message to 
the people of the Twin Cities and the Northwest: 

New York, N.Y., March 18, 1912. His Grace, The Most Reverend Archbishop Ireland: 
I bespeak your Grace's far-famed eloquence in voicing sentiments and ideas to 

which I can give but feeble expression. May the exposition prove a success befit
ting the cities of magical growth, the courage and energy of western enterprise, a 
credit to its organization, a lasting benefit to the communities and the world 
through its lessons and stimulating influence as a bewildering, unforgettable rec
ord of the triumphant progress of the art. Great as are the past achievements, the 
future holds out more glorious promise. We are getting an insight into the essence 
of things; our means and methods are being refi ned, a new and specialized race is 
developing with knowledge deep and precise, with greater powers and keener percep
tions. Mysterious as ever before, nature yields her precious secrets more readily 
and the spirit of man asserts i.ts mastery over the physical universe. The day is 
not distant when the very planet which gave him birth will tremble at the sound of 
his voice; he will make the sun his slave, harness the inexhaustible and terribly 
intense energy of microcosmic movement; cause atoms to combine in predetermined 
forms; he will draw the mighty ocean from its bed~ transport it through the air and 
create lakes and rivers at will; he will command the wild elements; he will push on 
and on ·from great to greater deeds until with his intelligence and force he will 
reach out to spheres beyond the terrestrial. 

I am your Grace's most obedient servant. 
Nikola Tesla 

Electrical Revi~ and Western Electrician 
July 6, 1912 

THE DISTURBING INFLUENCE OF SOLAR RADIATION ON THE WIRELESS TRANSMISSION OF ENERGY. 
By Nikola Tesla 

When Heinrich Hertz announced the results of his famous experiments in confirma
tion of the Maxwellian electromagnetic theory of light, the scientific mind at once 
leaped to the conclusion that the newly discovered dark rays might be used as a 
means for transmitting intelligible messages through space. It was an obvious in
ference, for heliography, or signalling by beams of light, was a well recognized 
wireless art. There was no departure in principle, but the actual demonstration of 
a cherished scientific idea surrounded the novel suggestion with a nimbus of origi
nality and atmosphere of potent achievement. I also caught the fire of enthusiasm 
but was not long deceived in regard to the practical possibilities of this method 
of conveying intelligence. 

Granted even that all difficulties were successfully overcome, the field of appli
cation was manifestly circumscribed. Hel iographic signals had been flashed to a dis
tance of 200 miles, but to produce Hertzian rays of such penetrating power as those 
of light appeared next to impossible, the f requencies obtainable through electrical 
discharges being necessarily of a much lower order. The rectilinear propagation 
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would limit the action on the receiver to the extent of the horizon and entail in
terference of obstacles in a straight line joining the stations. The transmission 
would be subject to the caprices of the air and, chief of all drawbacks, the inten
sity of disturbances of this character would rapidly diminish with distance. 

But a few tests with apparatus, far ahead of the art of that time, satisfied me 
that the solution lay in a different direction, and after a careful study of the 
problem I evolved a new plan which was fully described in my addresses before the 
Franklin Institute and National Electric Light Association in February and March, 
1893. It was an extension of the transmission through a .single wire without return, 
the practicability of which I had already demonstrated. If my ideas were rational, 
distance was of no consequence and energy could be conveyed from one to any point 
of the globe, and in any desired amount. The task was begun under the inspiration 
of these great possibilities. 

While scientific investigation had laid bare all the essential facts relating to 
Hertz-wave telegraphy, little knowledge was available bearing on the system pro
posed by me . The very first requirement, of course, was the production of powerful 
electrical vibrations. To impart these to the earth in an efficient manner, to 
construct proper receiving apparatus, and develop other technical details could be 
confidently undertaken. But the all important question was, how would the planet 
be affected by the oscillations impressed upon it? Would not the capacity of the 
terrestrial system, composed of the earth and its conducting envelope, be too great? 
As to this, the theoretical prospect was for a long time discouraging. I found t hat 
currents of high frequency and potential, such as had to be necessarily employed for 
the purpose, passed freely through air moderately rarefied. Judging from these ex
periences, the dielectric stratum separating the two conducting spherical surfaces 
could be scarcely more than 20 kilometers thick and, consequently, the capacity 
would be over 220,000 microfarads, altogether too great to permit economic trans
mission of power to di~tances of commercial importance. Another observation was 
that these currents cause considerable loss of energy in the air around the wire. 
That such waste might also occur in the earth's atmosphere was but a logical in
ference. 

A number of years passed in efforts to improve the apparatus and to study the 
electrical phenomena produced. Finally my labors were rewarded and the truth was 
positively established; the globe did not act like a conductor of i mmense capacity 
and the loss of energy, due to absorption in the air, was insignificant. The exact 
mode of propagation of the currents from the source and the laws governing the elec
trical movement had still to be ascertained . Until this was accomplished the new 
art could not be placed on the plane of scientific engineering. One could bridge 
the greatest distance by sheer force, there being virtually no limit to the inten
sity of the vibrations developed by such a transmitter, but the installment of 
economic plants and the predetermination of the effects, as required in most prac
tical applications, would be impossible. 

Such was the state of things in 1899 when I discovered a new difficulty whi ch 
I had never thought of before . It was an obstacle which could not be overcome by 
any improvement devised by man and of such nature as to fill me with apprehension 
that transmission of power without wires might never be quite practicable. I think 
it useful, in the present phase of development, to aquaint the profession with my 
investigations. 

It is a well know fact that the action on a wireless receiver is appreciably 
weaker during the day than at night and this is attributed to the effect of sun
light on the elevated aerials, an explanation naturally suggested through an early 
observation of Heinrich Hertz. Another theory, ingenious but rather fine-spun, is 
that some of the energy of the waves is absorbed by ions or electrons, freed in 
sunlight and caused to move in the direction of propagation. THE ELECTRICAL REVIEW 
AND WESTERN ELECTRICIAN of June 1, 1912, contains a report of a test, during the 
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recent solar eclipse, between the station of the Royal Dock Yard in Copenhagen and 
the Blaavandshuk station on the coast of Jutland, in which it was demonstrated that 
the signals in that region became more distinct and reliable when the sunlight was 
partially cut off by the moon. The object of this communication is to show that in 
all the instances reported the weakening of the impulses was due to an entirely dif
ferent cause. 

It is indispensable to first dispel a few errors under which electricians have 
labored for years, owing to the tremendous momentum imparted to the scientific mind 
through the work of Hertz which has hampered independent thought and experiment. To 
facilitate understanding, attention is called to the ·annexed diagrams in which Fig . 
1 and Fig. 2 represent, respectively, the we11 known arrangements of circuits in the 
Hertz-wave system and my own. In the former the transmitting and receiving conduct
ors are separated from the ground through spark gaps, choking coils, and high resis
tances. This is necessary, as a gound connection greatly reduces the intensity of 
the radiation by cutting off half of the oscillator and also by increasing the 
length of the waves from 40 to 100 percent, according to the distribution of capac
ity and inductance. In the system devised by me a connection to earth, either di
rectly or through a condenser is essential. The receiver, in the first case, is 
affected only by rays transmitted through the air, conduction being excluded; in 
the latter i nstance there is no appreciable radiation and the receiver is energized 
through the earth while an equivalert electrical displacement occurs in the atmos
phere. 

Now, an error which should be the focus of investigation for experts is, that in 
the arrangement shown in Fig. 1 the Hertzian effect has been gradually reduced 
through the lowering of frequency, so as to be negligible when the usual wave
lengths are employed. That the energy is transmitted chiefly, if not wholly, by 
conduction can be demonstrated in a number of ways. One is to replace the vertical 
transmitting wire by a horizontal one of the same effective capacity, when it will 
be found that the acti on on the receiver is as before. Another evidence is afford
ed by quantitative measurement which proves that the energy received does not 
diminish with the square of the distance, as it should, since the Hertzian radiation 
propagates in a hemisphere. One more experiment in support of this view may be sug
gested. When transmission through the ground is prevented or impeded, as by sever
ing the connection or othewise, the receiver fails to respond, at least when the 
distance is considerable. The plain fact is that the Hertz waves emitted from the 
aerial are just as much of a loss of power as the short radiations of heat due to 
frictional waste in the wire. It has been contended that radiation and conduction 
might both be utilized in actuating the receiver, but this view is untenable in 
the light of my discovery of the wonderful law governing the movement of electricity 
through the globe, which may be conveniently expressed by the statement that the 
projection of the wave-lengths (measured along the surface) on the earth's diameter 
or axis of symmetry of movement are all equal. Since the surfaces of the zones so 
defined are the same the law can also be expressed by stating that the current 
sweeps in equal times over equal t errestrial areas. (See among others 11 Handbook of 
Wireless Telegraph, 11 by James Erskine-Murray.) Thus the velocity propagation 
through the superficial layers is variabl e, dependent on the distance from the 
transmitter, the mean value being n/2 times the velocity of light, while the ideal 
flow along the axis of propagation takes place with a speed of approximately 300,000 
kilometers per second. 

To illustrate, the current from a transmitter situated at the Atlantic Coast 
will traverse that ocean -a distance of 4,800 kilometers - in less than 0.006 sec
ond with an average speed of 800,000 ki 1 ometers. If the signa 11 i ng were done by 
Hertz waves the time required would be 0.016 second. 

Bearing, then, in mind, that the receiver is operated simply by currents 
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conducted along the earth as through a wire, energy radiated playing no part; it 
will be at once evident that the weakening of the impulses could not be due to any 
changes in the air~ making it turbid or conductive~ but should be traced to an ef
fect interfering with the transmission of the current through the superficial lay
ers of the globe. The solar radiations are the primary cause. that is true, not 
those of light, but of heat. The loss of energy, I have found, is due to the evap
oration of the water on that side of the earth which is turned toward the sun~ the 
conducting particles carrying off more or less of the electrical charges imparted 
to the ground. This subject has been investigated by me for a number of years and 
on some future occasion I propose to dwell on it more extensively. At present it 
may be sufficient, for the guidance of experts, to state that the waste of energy 
is proportional to the product of the square of the electric density induced by the 
transmitter at the earth's surface and the frequency of the currents. Expressed in 
this manner it may not appear of very great practical significance. But remember
ing that the surface density increases with the frequency it may also be stated 
that the loss is proportional to the cube of the frequency. With waves 300 meters 
in length economic transmission of energy is out of the question, the loss being 
too great. When using wave-lengths of 6~000 meters it is still noticeable though 
not a serious drawback. With wave-lengths of 12,000 meters it becomes quite in
significant and on this fortunate fact rests the future of wireless transmission 
of energy. 

To assist investigation of this interesting and i mportant subject, Fig . 3 has 
been added, showing the earth in the position of summer solstice with the trans
mitter just emerging from the shadow. Observation will bring out the fact that 
the weakening is not noticeable until the aerials have reached a position~ with 
reference to the sun, in which the evaporation of the water is distinctly more 
rapid. The maximum will not be exactly when the angle of incidence of the sun's 
rays is greatest, but some time after. It is noteworthy that the experimenters 
who watched the effect of the recent eclipse~ above referred to~ have observed the 
delay. 

Fig . 3 - Illustrating Disturbing Effect of the sun on Wireless Transmission . 
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NIKOLA TESLA'S PLAN TO KEEP "WIRELESS THUMB" ON SHIPS AT SEA 

Suggests Transmitters Powerful Enough to Cause the Earth to Vibrate at the Poles 
and Equator. 
He would Determine Vessel •s Latitude and Longitude by Measuring the Length of 
Electric Waves. 

Nikola Tesla has come forward to refute the claims of men who recently excited 
the scientific world with announcements of discovery and invention calculated to 
crowd the bugbear of scientific warfare back into the primer class, and to safe
guard the lives of seafarers. First he takes up and disposes of the announcement 
of an invention said to enable a receiving ship equipped with wireless to tell the 
longitude and latitude of a sending ship without the latter vessel offering its own 
calculations. "It hasn't been done, and it probably will be years before the means 
for so doing can be applied successfully," he says. As to the power of ultra-violet 
rays to explode the powder magazine of a warship from a distance, he insists it 
can't be done through that medium. If charges of powder have been so exploded, he 
contends, the detonation was accomplished with the familiar waves now utilized by 
the wireless. But Mr. Tesla admits that in all probability there will come a time 
when science has so harnessed and developed the means at hand that such results may 
be obtained. Mr. Tesla sets forth for readers of The Press his views on the two 
subjects as follows: 

By Nikola Tesla 
The first and incomplete announcements of technical advances should always be 

taken with a grain of salt. It is true that the newspapers are getting more and 
more accurate and reli uble in putting forth such information, but, nevertheless, 
the news frequently is misleading. 

For instance , not long ago reports widely circulated that powder had been explod
ed at distance by infra-red or ultra-violet rays, and that a British battleship had 
been used in a test of this kind, which proved successful. The dispatches gave 
great opportunity to sensational speculation, but the truth is that there was no 
novelty whatever in what was done. 

A mine or magazine may have been blown up, but this was accomplished in a well
known manner through the application of a kind of electrical waves which are now 
generally adopted in the transmission of signals without wires. Similar experiments 
were performed in this country many years ago by myself and others, and quite recent
ly John Hays Hammond, Jr., has done credible work in this direction through the ap
plication of an art which has been named "Telautomatics," or wireless control of 
moving mechanism at a distance. 

By means of such telautomatic vessels, surface~ and submarine or aerial, a per
fect system of coast defense can be established. Torpedoes on this plan also can 
be controlled from battleships, and there is no doubt they sooner or later will be 
adopted and thei r introduction will have a revolutionary effect on the methods of 
warfare. 

The results described are, however, not impossible. It is quite practicable to 
explode by rays of light a mine at a distance, as by acting~ on a mixture of chlo
rine and hydrogen. Certain dark rays also can be employed to produce destructive 
effects. As far back as 1897, I disclosed before the New York Academy of Sciences 
the discovery that Roentgen, or X-rays, projected from certain bulbs have the prop
erty of strongly charging an electrical condenser at a distance. The energy so 
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accumulated readily can be discharged and cause the ignition of some explosive 
compound. 
Says They Can't Penetrate Steel. 

But ultra-violet rays are of very short wave lengths and cannot penetrate steel 
shells, while the longer and more penetrative waves of the infra-red rays are chem
ically much less active. There is no doubt in my mind that we soon shall be able 
to project energy at a distance not only in small, but in large amounts, and what 
the effect of such an achievement will be on existing conditions, words cannot ex
press. 

As regards the determination of latitude and longitude of a vessel at sea by 
wireless, there is nothing in use as yet which would make such direct observation 
possible. Some suggestions, however, which I have since many years advocated, have 
been adopted. They are the flashing of time signals over a wide area and the em
ployment of an instrument known as a wireless compass . 
Plan for Finding Locations. 

These means enable an expert on a vessel to ascertain the exact hour at any send
ing station within reach, and also, in an imperfect manner, the direction in which 
it is situated, and from these data it is possible to get a rough idea of the posi
tion of the ship relative to the points of reference. 

A perfect means for· determining not only such and other data important to the 
navigator already is available, but it may require years to apply it. I refer to 
the use of the stationary waves, which were discovered by me fourteen years ago. The 
subject is too technical to be explained in detail, but the average reader can be 
made to understand the general principle. 

The earth is a conductor of electricity, and as such has its own electrical per
iod of vibration. The time of one complete swing is about one-twelfth of a second. 
In other words, this is the interval the current requires in passing to, and return
ing from~ the diametrically opposite point of the globe. 

Now, the wonderful fact is, that notwithstanding its immense size, the earth re
sponds to a great number of vibrations and can be resonantly excited just like a 
wire of limited dimensions. When this takes place there are formed on its surface 
stationary parallel circles of equal electrical activity, which can be revealed by 
properly attuned instruments. 
Transmitter at One of the Poles. 

Imagine that a transmitter capable of exciting the earth were placed at one of 
the Poles. Then the crests and hollows of the stationary waves would be in parallel 
circles with their planes at right angles to the axis of the earth, and from read
ings of a properly graduated instrument the distance of a vessel carrying the same 
from the Pole could be at once read, giving accurately the geographical latitude. 

In like manner, if a transmitter were placed at a point on the Equator, the long
itude could be precisely determined by the same means. But the best plan would be 
to place three transmitters at properly chosen points on the globe so as to estab
lish three non-interferable systems of stationary waves at right angles to one an
other. If this were done, innumerable results of the greatest practical value 
could be realized. 
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The first impressions are those to which we cling most in later life. I like to 
think of George Westinghouse as he appeared to me in 1888, when I saw him for the 
first time. The tremendous potential energy of the man had only in part taken ki
netic form, but even to a superficial observer the latent force was manifest. A 
powerful frame, well proportioned, with every joint in wo~king order, an eye as 
clear as a crystal, a quick and springy step- he presented a rare example of health 
and strength. Like a lion in a forest, he breathed deep and with delight the smoky 
air of his factories. Though past forty then, he still had the enthusiasm of youth. 
Always smiling, affable and polite, he stood in marked contrast to the rough and 
ready men I met . Not one word which would have been objectionable, not a gesture 
which might have offended - one could imagine him as moving in the atmosphere of a 
court, so perfect was his bearing in manner and speech. And yet no fiercer adver
sary than Westinghouse could have been found when he was aroused. An athlete in 
ordinary life, he was transformed into a giant when confronted with difficulties 
which seemed unsurmountable. He enjoyed the struggle and never lost confidence. 
When others would give up in despair he triumphed. Had he been transferred to an
other planet with everything against him he would have worked out his salvation. 
His equipment was such as to make him easily a position of captain among captains, 
leader among leaders. His was a wonderful career filled with remarkable achieve
ments. He gave to the world a number of valuable inventions and itnprovements , 
created new industries, advanced the mechanical and electrical arts and improved 
in many ways the conditions of modern li f e. He was a great pioneer and builder 
whose work was of far-reaching effect on his time and whose name will live long 
in the memory of men. 
Nikola Tesla 

Reprinted with permission. Reprinted from March 21, 1914, issue of Eleatriaal World. 
G) Copyright 1914, McGraw-Hill, Inc. All rights reserved. 

New York Sun 
May 22, 1914 

TESLA AND MARCONI. 

The Servian Expert's Claim to and Earlier Patent on Sundry Wireless Devices. 
To the Editor of The Sun - Sir: The reports contained in The Sun and other jour

nals regarding the issue of a recent wireless patent suit are of a nature to create 
an erroneous impression . Two of the patents mentioned, namely, Nos. 11,913 and 
609,154, granted respectively to William Marconi and Sir Oliver Lodge, are of no 
imp,ortance, but another patent of the former expert, dated June 28, 1904, contai ns 
arrangements on which I obtained full protection more than three years before and 
which are essential to the successful practice of the wireless art at any consider
able distance. 

My patents bear the numbers 645,576 and 649,621 and were secured through Kerr, 
Page & Cooper, attorneys for the General Electric and Westinghouse companies. The 
apparatus described by me comprises four circuits peculiarly arranged and carefully 
attuned so as to secure the greatest possible flow of electrical energy through them. 
The generator is a transformer of my invention and the oscillations employed are of 
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a kind which are now known in technical l' iterature as the Tesla currents. Every 
one of these elements, even to the last detail, is contained in the Marconi patent 
which was involved in the suit, and its use constitutes an infringement of all the 
fundamental fea tures of my wireless system. 
Nikola Tesla 
New York, March 21, 1914. 

New York Times 
Sunday, Oct. 3,1915, p. 14, cols. 1,2,3. 

NIKOLA TESLA SEES A WIRELESS VISION 

Thinks His 11 World System" Will Allow Hundreds To Talk At Once Through The Earth. 
Ends Static Disturbance. 
Inventor Hopes Also To Transmit Pictures By The Same Medium Which Carries The Voice. 

Nikola Tesla announced to The Times last night that he had received a patent on 
an invention which would not only eliminate static interference, the present bug
aboo of wireless telephony, but would enable thousands of persons to talk at once 
between wireless stations and make it possible for those talking to see one another 
by wireless, regardless of the distance separating them. He said also that with 
his wireless station now in the process of construction on Long Island he hoped to 
make New· York one of the central exchanges in a world system of wireless telephony . 

' Mr. Tesla has been working on wireless problems for many years. Yesterday he 
exhibited an article published in the Electrical World eleven years ago, in which 
he predicted not only wireless telephony on a commercial basis but that it would be 
possible to identify the voice of an acquaintance over any distance. That its oper
ator in Hawaii was able to dist;nguish the voice of an engineer friend at Arlington, 
Va., was announced by the American Telephone and Telegraph Company as the most mark
ed tri umph of itc; communication by wireless telephone from the naval radio station 
at Arlington to Pearl Harbor, Hawaii, a distance of 4,000 miles. 

The inventor, who has won fame by his electrical inventions, dictated this state
ment yesterday. 

'''The experts carrying out this brilliant experiment are naturally deserving of 
great credit for the skill they have shown in perfecting the devices. These are of 
two kinds: First, those serving to control transmission, and, second, those magni
fying the received impulse. That the control of transmission is perfect is plain 
to experts from the fact the Arlington, Mare Island, and Pearl Harbor plants are 
all inefficient and that the distance of telephonic transmission is equal to that 
of telegraphic transmission. It is also perfectly apparent that the chief merit of 
the application lies i n the magnification of the microphonic impulse. It must not 
be imagined that we deal here with new discoveries. The improvement simply concerns 
the control of the transmitted and the magnification of the received impulse, but 
the wireless ~ystem is the same. This can never be changed. 

"That it is practicable to project the human voice not only to a distance of 5,000 
miles, but clear across the globe, I demonstrated by experiments in Colorado in 1899. 
Among my publications I would refer to an article in the Electrical World of March 
5, 1904, but describing really tests I made in 1899. The facts which I pointed out 
in the article were of much greater significance t ha n that of the experiments re
ported, although this should be taken in a scientific sense, as the experiments were 
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simply scientific demonstrations. I pointed out then that the modulations of the 
human voice can be reproduced more clearly through the earth than through wire. It 
is difficult for the layman to understand, but it is an absolute fact that trans
mission through the earth with the proper apparatus is not more difficult than the 
sending of a message on a wire strung across a room. This wonderful property of 
the planet, that, electrically speaking, is through its very bigness, small; is of 
incalculable significance for the future of mankind . 

.. These tests made between Washington and Honolulu will act as an immense stimulus 
to wireless telephony and would be of much more value to the world if the principles 
of the transmission were understood . But they are not. Even now, fifteen years 
after the fundamental principles have been demonstrated and the possibilities shown, 
there are many experts in the dark. 

11 For instance, it is claimed that static disturbances will fatally interfere with 
the transmission, while, as a matter of fact, there is no static disturbance pos
sible in properly designed transmission and receiving circuits . Quite recently I 
have described in a patent, circuits which are absolutely immune to static and other 
interferences - so much so that when a telephone is attached, there is absolute si
lence, even lightning in the immediate vicinity not producin'9 a click of the dia
phragm, while ·in the ordinary telephonic conversation there are all kinds of noises. 
Transmission without static interference has many wonderful properties, besides, 
first of which is that unlimited amounts of power can be transmitted with very small 
loss. 

''Another contention is that there can be no secrecy in wireless telephone conver
sation. I say it is absurd to raise this contention when it is positively demon
strated by experiments that the earth is more suitable for transmission than any 
wire could ever be. A wireless telephone conversation can be made as secret as 
thought. 

11 I have myself erected a plant for the purpose of connecting by wireless tele
phone the chief centres of the world, and from this plant as many as a hundred will 
be able to talk absolutely without interference and with absolute secrecy. This 
plant would simply be connected with the telephone central exchange of New York City, 
and any subscriber will be able to talk to any other telephone subscriber in the 
world, and all this without any change in his apparatus. This plan has been called 
my 11World system11

• By the same means I propose also to transmit pictures and pro
ject images, so that the subscriber will not only hear the voice, but see the person 
to whom he is talking. Pictures transmitted over wires is a perfectly simple art 
practiced today. Many inventors have labored on it, but the chief credit is due 
Professor Korn of Munich. 

11 His apparatus can be attached to a wireless plant and at any other wireless 
plant can be reproduced. I have undertaken this in the hope of establishing a ser
vice which would greatly facilitate the work of the press. A picture could be sent 
from a battlefield in Europe to New York in five munutes if the proper instruments 
were available. 

11A further advantage would be that transmission is instant and free of the una
voidable delay experienced with the use of wires and cables. As I have already made 
known, the current passes through the earth, starting from the transmission station 
with infinite speed, slowing down to the speed of light at_a distance of 6,000 miles, 
then increasing in speed from that region and reaching the receiving station again 
with infinite velocity. 

''It's all a wonderful thing. Wireless is coming to mankind in its full meaning 
like a hurricane some of these days. Some day there will be, say, six great wire
less telephorne stations in a world system connecting all the inhabitants on this 
earth to one another, not only by voice, but by sight. It's surely coming. 
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New ,York Times 
Oct . 4, 1915 p. 4, co 1 . 3 

CORRECTION BY MR. TESLA 

Of Wireless Apparatus He meant to Say "Ineffective,~~ not "Inefficient." 

The Times received last night from Nikola Tesla a letter saying the inventor 
wished to correct a statement in his forecast of the possibilities of wireless~ pub
lished in the Times of yesterday morning, when he was quoted as saying that the 
apparatus used by the American Telephone and Telegraph Co. to talk from Arlington 
to Hawaii was "inefficient." The inventor wrote that he wished to say that the 
apparatus was "ineffective." 

"Although I can guess the character of the apparatus which was employed in pro
jecting the human voice through 4,600 miles of space," Mr. Tesla wrote, "I am un
able to judge of its efficiency, but from the technical particulars available I 
know that the plants are ineffective, inasmuch as they would have furnished currents 
of much greater volume and tension had they been differently designed. Incidentally, 
they would then have been immune against static disturbances, unfailing in their 
operation and adapted to secure secrecy of messages. 

"In calling attention to this fact I have meant to give testimony to the excel
lence of the means of control and magnification resorted to lby the experimenters. 
Had the same devices been used in connection with plants designed for maximum effect 
the results would have been such as to cause a most profound sensation and to stir 
great commercial interests all the world over, perhaps to the point of powerfully 
affecting and hastening the finish of the awful struggle in which nations of the 
earth are now engaged." 
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Specification. 

CUo nll ~hom It nUl\! concern: - ·· . ... .. . . ... - -- · -
Be II known that I, Nikole. resJ a, a c1ti?.en of the United 

-:.. ~ 

SJ..~.!..C.~ ........... _ ......... - ........... _._ ....... - ................ ___ .............. __ 

c;;_,iding at .. . N.e.YJ. '1 or.K •· .. ln . . t.tc .t'c-~n~t y . ::.nd. ·-
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· . of which tbe followin-g is a full, 

clear, and exact description. 
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In most of the machinery universally employed 

for the development, transmission and transformation or 

mechanical energy, fluid impulses are made to pass, more 

or less freely, through suitable channels or conduits 

in one direction while their retun1 is effectively checked 

or entirely prevented. This function is generally per

formed b~ devices designated as valves, comprising care

fully fitted members the precise relative movements or 

wnich are essential to the efficient and reliable opera

tion of the apparat~s. The necessity of, and absolute . 

dependen~e on the~e, lim~ts the machine in many respects, 

detracting from its practical value and adding greatly 

to its cost of lf;anufacture and maintenance. As a rule 

the valve is a delicate contrivance, very liable to wear 

and get out of order and thereby imperil ponderous, com

plex .and costly mechanism and, moreover, it fails to 

meet ·the requirements when the impulses are extremely 

eudden or rapid in succession and the fluid is hiGhly 

heated or corrosive. 

Though these and other correlated facts ~ere 

lrnovm to the v ery earlic:st pioneers in the science and 

art of mechanics, no remedy has as yet been found or 

propo.sed to date so fnr as I am awA.re, and 1 believe 

that 1 am the first to discover or invent any means, 

which perJni t the perfcrmance of the above function v:l th

out the use of movinr, p~rts, Rnd which it is the object. 

- 1 ~ 
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of this application to describe. 

Briefly expressed, the advance I have achieved 

consists in the employment of a peculiar channel or con-

duit characterized by valvular action. 

The invention can be embodied in many construe-

tiona greatly varied in detail, but for the explanation 

of the underlying principle it may be broadly stated t hat 

the interior of the conduit i s provided with enlar;ements. 

recesses, projections, baffles or buckets which, "''!hile 

offering virtually no resistence to the paesage of the 

fluid in one direction, other than surface friction, con-

stitute an almost impassable barrier to its flow i n the 

opposite sense by reason of the more or less sudden ex-

pans1ons, contractions , deflections, reversals of direc-

tion, stops and starts and attendant rapidly succeedin~ 

transiormations of the pressure and velocity energ ies. 

For the full and complete disclosure of the 

device and or its mode of action reference is made to 

t he accompanying drawings in which 

~ l is a horizontal projection of such a 

valvular conduit with the top plate removed, 

Fig . 2 is side view of the same i n elevatiou; 

Fig. 3 is a diagram illustrative of the 

applicat ion of the device to a fluid propelling machin~ 

such as, a reciprocating pump or compressor, and 

Fig. 4 1~ a plan gho~ing th~ manner in ~hieh 

the .invention is, or may be used, to operate o. fluid 

propelled rotary engine or turbine. 

- 2 -
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Referring to Fig. 1, 1 is a casing of metal or 

other suitable material which may be cast, milled or 

pressed from sheet in the desired form. From ita aide-

walls extend alternatively projections terminating in 

buckets 2 which, to facilitate manufacture. are congruent 

and spaced at equal distances, but need not be. In add1-

tion to these there are independent partitions 3 which 

are deemed of advantage and the purpose or which will be 

made clear. Nipples 4 and 5, one at each end, are pro-

vided for pipe connection. The bottom is solid and the 
r ' 

upper or open side ~s closed by a fitting plate 6 as 

shown in. !ig. 
~ 

2. -iihen d'e.sired any nwriser of s uch pieces 

may be joined in series, thus making up a valvular con-

duit of such length as the circumstances ma y r equire. 
·__,. .... _...,. ..... ,. •• , ....... , , t.'l> . ... , .J...,..,;:.·...,·.,..:"~'!·~ ~.1- .... ~t: ...... •.;: ;-r .. .... 0 

• • •i.· {:-;•.....: .._. .. ~ .••.• ~.., • . .. • ' .• t •• ·~. • • • ; · .. .. -.- • • 

·· In elucidation of the mode of operation l et it 

be assumed that the medi~~ under pressure be admitted at 

5. Evidently, its approximate path will be as indicated 

by the dotted line?, which is nearly straight, that is 

to say, if the channel be of adequate cross-section, the 

fluid will encounter a very small resistance and pass 

through freely and undisturbed, at least to a degree. 

Not so if the entrance be at the opposite end 4. In this 

case the flow will not be smooth~d continuous, but in

termittent , t he fluid being quickly deflected and r e-

versed in direction, set in whirling motion, brought to 

rost and again accelerated , these processes following one 

another in rapid succession. The partitions 3 serve to 

direc t the stream upon the buclcets and to intensify the 

actions causing violent surges and eddies Vlhich interfere 

- 3 -
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very materially with the flow thro~lgh the conduit.. It 

will be readily observed that the resistance offered to 

the passage of the medium will be considerable even if 

it be under constant pressure, but the impediments will 

be of full effect only when 1t is supplied ln pulses and, 

more especially, when the same are extremely sudden and 

of high frequency. In order to bring the fluid masses 

to rest and to high velocity in short intervals of time 

energy must be furnished at a rate which is unattainable, 

the result being that the impulse cannot penetrate very 

far before it subsides ar.d gives rise to movement in the 

opposite direction. The device not only acts as e hin

derment to the bodily return of particles but also, in a 

measure, as a check to the propagation of a disturb~~ce 

through the medium. Its efficacy is chiefly determined; 

first, by the magnitude of the ratio of the two resist

ances offered to disturbed and to tmdisturbed flow, re

spectively, in the directions from 4 to 5 and ft-cr:~ 5 to .4, 

in each individual element of the conduit; second , by the 

n~~ber of complete cycles of action taking place u1 a g iv

en length of the valvular channel and, third, by the char

acter of the i mpulses themselves. A fair idea may be 

gained from simple theoretical considerations. 

Examining more c losely the mode of operation it 

will be seen that, in passing from one to the next buc"l-:et 

in the direction of disturbed flow, the fluid undergoes 

two complete reversals or deflections through 180 degrees 

wh ile it suffers only two small deviations fror:~ nbout 10 

to 20 do.gree s when movinr, in the oppos 1 te sense. In each 

-1-
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ease the loas of head will be proportionate to a hydraul1o 

eoett1cient dependent on the angle ot detlecticn trom Wblch 

it tollows that , ror the same veloeity, the ratio or the 

two resistances will be as that ot the two coefficients. 

The theoretical value or this ratio may be 200 or more,but. 

muet be takeo aa app~ee1ab1J le11 although the aurtaee 

friction too is greater 1n the direction or disturbed !low. 

In order to keep 1t aa large ae poaaible, aharp bonds should 

be aToided, tor these will add to both resistances and re-

duce the efficienCJ. Whenever practicable, the piece 

should be straight; .the next beat 1e the circular form. 

That the peculi&r function ot such a conduit is 

enhanced by increasing the number of buckets or elements 

and~ consequantlJ, cyclic processes 1n a given length is 

an obvious conclusion, but there ia no direct proportion-

ali ty because the successive actions diminish in intensity . 

Definite limits, however, are set constructively and other-

wise to the number of elements per unit length or the chan-

nel1 and the most economical design can only be evolved 

through long experience. 
,,.,. .•••.. r ..... , .... , ... ,.,,.-.. .... :..y-_,,.,,_; . ..... ,. •.•. · ... . -::: ..... ~ ~ ...... · . ... : ·i-· .;v:, .... .;~-~~;·.;A.~·t.·l~i._,..~:,:....:. -.:··.":::..,:. ·· . .::~~~;~ \ • .. ·":-~ .. ,.,~;.~:~~ ,~·. ~· . . -·. 

Quite apart from any mechanical features of the de-

vice the character or the impulses has a decid~d influence 

on ita performance and the best results will be secured, 

when there are produced at 4, sudden variations of pres-

sure 1n r elatively long intervals, While a constant pres-

sure ia maintained nt 5. Such is the case in one of it~ 

most valuable industrial applications which will be spee-

1t1cally described. 

In order to conduce to a better undGrotanding, 

reference may first be mnde to Fig. 3 which illustrates 

another :!pGeial use and in which e 1e a piston fixed to 
-5-
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a shaft 9 and f1 Lting freely in n cylinder 10. The latter 

i s closed at both ends by flanged heads 11 nnd 12 having 

sleeves or stuffing boxes 13 and 14 for the shaft. Con-

nection between the two compartments, 15 and 16, of the 

cylinder is est&blished through a valvular conduit and 

each or the heads is similarly equipped. For the sake or 

simplicity these devices are diagrammatically shown, the 

solid arrows indicating the direction of undisturbed flow . 

An extension of the shaft 9 carries a second piston 17 ac-

curately ground to and slidL~g easily in a cylinder 18 

closed at the ends by plates and sleeves as usu~l. Both 

piston and cylinder are provided with inlet ar.d outlet 

ports mar ked , respectively, 19 and 20 . This arrangeme;;t 

is familiar, being repre.sente. tive of a prime mover of my 

i nvention, termed 11mechanical osc111e.tor 11
, ~i th \'1hict/i t is 

f 

practice.ble to vibrate a system of co:1siderable weight 

many thousend ti~es pe~inute. 

Suppose now that such rapid oscillations ar e 1m-

parted by this or other means to the piston 8. Beo.rinr; in 

mind the procead1.ng, the operation of the e.plJ&:t't!.WS will oe 

understood at a glance. While movin['. i"n the direction of 

the so11a arro~ , from 12 to 11, the piston 8 will com-

press the air or other mediu:n in the cor.:p::.. J~tmen t 16 and 

expel 1 t from the same , the devices in the piston and hend 

11 acting, r espectively , as closed rund open valves. Dur-

ins the movement of the piston in the opposite dir~ction, 

from 11 to 12 , th~ medium which has meanwhile f illed the 

chamber 15 will be trans,ferr>ed to compartment 16, egress 

being prevented by the device in heed 12 end that 1~ t he 

piston nllowinr; free pass~ge. These processes will be · 

repeated in very quick succession. If the nipple!': 4 

-6-
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and 5 are put tn communication with independent reservoirs, 

the osc111~~ of the piston 8 will result in a compres

sion of tbe air at 4 and rarefact ion of t he same at 5. Ob-

viously, the valvular channels being t urned t he other way, 

as indicated by dotted lines in the lower part or the f ig-

ure, ~e opposite will take place . The devices 1n the 

piston have been ahown merely by way or suggestion and can 

be dispensed with. Each of t he chambers 15 and 16 being 

connected to two conduits as illus trated , the vibrations of 

a solid piston as 8 will have the same effect and the ma ch-

!ne will then be ~ double acting pump or compressor. It is 

like?lise Wlessential that the medium should be admitted to 

the cylir.der through such devices for in certain ins t ar.ces 

ports, alternately closed and opened by the piSt on , may 

serve the purpose. As a matter of course , thi s novel method 

of propelling fluids can be e~tended to multistage working 

1n which case a number of pistons will bo employed , prefer--

ably on the same shaft and of different diameters in con-

f ormity with well es tablished principles of mechanical ue-

sign. En this way any desired ratio of compression or de -

gree of r arefnction may be attained. . 
., ........ tw~;,,.;.;.\".,'7 ... ' ; •• ··~·-J ·~ .... -} : ... ; ..... ~ ... " :. !·, .. ... ~~ ......... "~·~'loj( :,.. ...... ~, • • ,~..,. ..,. ... ~ .. \"' ·.;. ~.., ......... .:.~ ,.tf ~ ......... , .... 

,. , .... JN•M'".-r.~ Fig.4 exemplifies a particular l y valuable a.pplica-

t i on of the i nver.t i on to which reference has been mad~ 

above. The drawing shows in vert ical cr oss eection a tur

bir.e l"hi ch may be of any type but is 1n this instance one· 

inven t ed and described by ~e and supposed to be f an1J1nr_to 

engineers. Suffi ce it to stAte that the r otor 21 of the 

same i s compo:>ed of f lat pl&tes which are set in motion 

through the a.dhes1ve nnd vi:;cous action of the worltin ~ flu

i d , entering the system tanccntiolly at tho per•iphcry Md 

leavi ng it at the centP.r. Such a machine is a thermo-

- 7 -
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dynamic transformer of an activity surpassing by far that 

of any other prime mover, it being demonstrated in practice 

that each sir.gle disk or the r·otor is capable of perform

ing as JTtUch work as a whole bucketwheel. Besides, a number 

of other advantages , equally important , ~~ke it especially 

adapted for operation as an internal combust ion motor. This 

may be done in many ways, but t he simplest and most direct 

plan of ~1ch 1 am aware is the one illu~trated here. Re

ferrulg again to the dra~ing, the upper part of the turb~1e 

casing 22 has bolted to i t a separate casting 23, the 

central cavity 24 ~ Vlhich forms the combustion chamber. 

To prevent injury through excessive heating a jacket 25 

mr. y be used, or else water injected, and when these means 

are objectionable recourse may be had to air cooling, this 

all the more readily as very high tempera tures ere pract

i cable. The top of ce.cting 23 is closed by a pl~te 26 

with a spa rking or hot wire plug 27 and in its side s are 

screv1ed two valvular conduits convnunicating with the cent

ral chambel' 24. One of these is , normRlly, open to the 

atmosphe·re while the other connect s to a source of fuel 

supply as a gas main 28 . The bottorn of the combustion 

chamber terminates in a suitable nozzle 29 which consistn 

of separate piece of heat resieting material. To regulete 

the influx of the explosion const.1tuents and secure the 

proper mixture the air and gas conduits are equipped , re.

spectively, with valve s 30 and 31 . The exhaust op~nings 

32 of the r otor should he 1n convnunication with a vent1-

1Rtor, preferably carried on the same shaft and of any 

suitable construction . Its use , however, vihi le advent

ageous, 1s not i ndispensable the nuctl.on produced by the 

turbine rotor itself boing, in some cases o.t leaot , suffi-

-8-
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cient to insure proper working. This detail is omitted from 

the drawing as unessential to the undeJ"st.e.nc!ing. 

But a few words will be needed to make elenr the 

mQde or operation. The air valve 30 being open and spark-

ing e~tablished across terminals 27, the gas is turned on 

slowly until the mixture in the chamber 2' reaches the 

critical state and is ignited. Both the conduits beh,aYing , 

with respectto e£tlux, aa closed valves, the products of 

combustion rush out through the nozzle 29 acquiring still 

greater velocity by etpansion and, imparting their• momentum 

to the rotor 21, star~ it from rest. Upon the subsidence 

ot the explosion the pressure in the ch~ber sinks below 

the atmospheric owing to the pumping action of the rotor 

or ventilator and·r.ew air and gas is permitted to enter, 

cleanlng the cavity and channels and mnking up a fresh 

mixture ~ich is detonated as before, and so on, the sue-

eessive impulses of the working fluid producing an almost 

continuous rotary e!'rort. A tter a short lapse o:t tir.:e the 

chamber becomes heated to such a degree that the ignition 

device may be shut off without disturbing the established 

regime. This manner ot starting the turbine involves the 

employment of nn unduly large combustion chamber which is 

not commendable from the economic point or vleYt, for not 

only does it entl:lil increased heat losses but the explosioJ:~.s 

cannot be made to follow one another Jwith such rapidity ~s 

would be desirable/ to insure the best valvular actir.n. :,hen 

the chamber is small an aux1111ary means ror startin~, as 

compressed air, may be resorted to and a very quick sue-

cession of explosions can then be obtained. The frequency 

will be the gren.tet' the stronget' the suction, and may, unutn' 

-~-
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certain conditions, rench hundred rund even thousands per 

second. lt scarcely need be stated thnt instead of one 

several explosion chamber~ may be used for coolinG pur-

poses and also to increase the number of active pulses 

and the output of the machine. 

Apparatus as illustrated in Fig.4 presents the 

advantages of extreme simplicity,~apness and reliability, 

there b~ ing no compressor, buckets or troublesome valve 

mechanism. It also permits, with the addition of certain 

well-knovm accessories , the use of any kir.d of fuel and 

thus meets the pr~ssing necessity of a self-contained, 

powerful, li~ht and compe~t i nternal combustion motor for 

ger;eral work. \',hen the attainment of the highest effie-

iency is the chief object; eo.s 1n machines of large. size, 

the explosive constituents will be supplied under high 

pressure and provision made for me.into.in ing a vacuum at the 

exhaust. Such arra.ngements are quite familiar and len:l 

themselves so easily to this improvement that an enlerge-

ment on this subject is deemed unnecessary. 

The foregoing description will readily sugges t t ·o 

expert~ modifications both as regards construction and 

application of the device and I do not wish to limit my-

self in these r espects. The broad m1dcrlying iden of 

the invention is to per•mi t the free passage of a fluid 

through e. chrume l in the direction of the flow and to 

prevent its return throuch friction nnd mass r esistan ce, 

thus enabling the performance of valve function s l\'1 thout 

any moving parts and thereb~· extending the scope and use-

fulnos~ of an i mmense vm•1ety of mechflnicE>.l npplitmces • 
. , ~ . ·, .. .. . ····- '· ' 

I do not clnim the methods of ru1d o.pporntu3 for 

the propulsion of fluids and thermo-dyn£unic trannformo_-

-10-
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tion of energy herein disclosed, as these v1ill be made 

/ s~of eeparQte applications. 

-- What I claim is: @ 
... - Z.3 ~ /,.-

. I 

. i 
/' ,;-p ~""' (_ . ,. ,'1 i 

' v · / 
/ 

S\ conf:~ t:: ~:·:o e::~: :::in:.~:::::. :~1:1::. 
return friction and mass resistance. 

throu\1t 1n the direction of flow, but to prevent its 

~A valvul~r conduit composed of a closed p~s

al_:!eway haviri·,recesses in its walls so formed as to permit 

a fluid to pas\ freel:l throut;h 1 t in the direction of flow, 

but to deflect s\id fluid_ arJd ··th.ereby interpose friction 
\ .· · ''"" . 

and mass res1stariceyto th~rctu;n pe)~ac;e of the same • 
... · ., .. (J \,/, . J - b \ 

,?i~- - 'A~ w.lwlal\, conduit compos~d of a tube or passage 

way Wi~~ r;gid -~terio~\lls f~':"'a/with a series of re

ceoses ol"' pockets ·,r:ith .. su"fs.ces that deflect a fluid tend-
' 

inc to flor. in one d1rectiori',there1n, and to check or pre-

vent t.be flow of the fluid in\hat direction. 

4: A valvulRr conduit \~th rigid interior' walls 
\ 

\ 
of such character as to offer substantially no obstacle to 

\ 
the passage through it of fluid impulses 3n one direction, 

but to oppone and check those in the opposite direction. 
\ 

5: A val>~lar conduit with rigid interior walls 

formed to permit fluid impulses under pressure to paes 

\ 
freely through 1t in one oipectlon, but to defleet theJrl 

\ 
and check their progress when impelled in the opposite 

\ direction . 

6: A valvultn" conduit \'.'ith r1~1d interior walls 
\ 

which perm! t fluid impulses to flov: th:rour,h it freoly in 
\ 

\ 

on~ direction, formed at a plurality of points to deflect \\ 

- 11 -
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such fluid impulses when impelled 1n the opposite direc-

' ' t1on and check their flow. ,, 
--~-------....- --- ..•. . - ... - . -- -- ... . .. - --· --- · 

7~ A valvular conduit with rigid interior 

walls having pockets or recesses, and transversely in-

~lined intermedi~te baffles to permit the tree passage 

of fluid impulses in one direction but to deflect and 

check them when impelled in the opposite dir ection. 

- l2 -
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In testimony whereof. __ l ...... _affix. JJr1 ... . 3ignalure. _;, IJ.e "resettee-

--t 

®at b. 
~:~:tyof~f)~.e:~:9~·:;~·:·· .·-··-············~ f ss. 

Nikoln Tesla, 

___ ........................... _ .......... - ....... - .............................. ............................ the above-named petitioner 

being duf:J; ~worn, deposes and $ays that 

of the Un1 ted States , . 

thai he verify believe s himself 

ho -1c a . . citizen 

and resident 

lo be the original, 

first, ond .. __ .S.!J~e __ inventor o/ the improvemenb in 

... ___ .......... ____ .. ___ ........ _Vii\l'l4lar. .CO.Tl~\li1,. , 

·--- .... - .... ----·-- ·-· ... _ ... described and claimed in the annrxed 

3pec;ficalion; that.. ..... he ... ... doer; no/ knotll and doe s not believe the ~a me wue 

ever knuu:n or used be/ore his .. inoention or discooery thereof. or patented or 

described in any printed publication in the United Stales of America or in any 

foreign country be/ore _ his ... inoention or discover:J; thereof, or more than two· 

year3 prior to this application; or in public use or on sale in the United Stales 

/or more tl1an two years prior lo this application; that said invenfion has not been 

patented in an;); counir:J; foreign lo the United Slates, on an application filed 

by h 1m or h 1s legal repesenlatioes or assigns mort' than lrJJeloe months 

prior to this applicafr'on, and that no application /or patent on said impro\lem~nls 

has been filed b:J; .. . him . or.._ ...... .ll.i.n ..... legal repre3entatives or a$$igns in any 

caunlry foreign to !he United Stales . 

.............. __ ..... , 1 
/o and subscribc;J before 

. . .. ., 19 J~ .. 
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Dlv. , ••. ~9. TW.;):z;. ..... ~.?1 PHJ"l<)f N r• . . ~-1~. 
,1.! j,, ~ .... 1 

•·y,.,, c,., ... ,.l;,.:b,...,. ,.r P•!t .. tt, 

""·' '-~iiqlu.,, 0. c .. ·• 
u" :tot . ... , uA'id.JI t-y ,.."' 1 . 

AIJ t-oftHIHu tlc•ff,,u• f'--•:-•:, :,, :· "'•:•. 
•rrlir-.t'•·••elh"JrJ~:,r- t, ··•••ltt\l•••l·tr, 

••tcGI1llr .,r. Uti.: '·~ i , , ""'tt>11, ,,,1 
tu.•• W tbt" • . :· • • • ut. 

DEr.ARTMENT Or THE INTERIOR 

UNITED STATES PATENT OFFIQE 

WASHINGTON ........... ~~ .l:HL~ .•... l.CJ.]., ~ .~ ............ . 

v. ~ ,. u.s~'PATE~:~·06·;;·:u~.· . ....... _nexr.~··•6ge , .. YQcper ... <..~ . 1It~J')7.oo.d 1...... ~ J 
-········· 5.::-> ... LJbcr.tY. ... St .•. , . .. .. ....... ·-··········· ... JlfN :1 l(•H; 1 

........ ... ~f:.V1..XOl:'.~ .••.. N .•... Y •....................... _............. M A I ! .. ~ D I 
-----. - i 

Pka.s~ find below a. or>mmttnkati<m frtmt the EXA!rf/NER i.n. c1mr.t• of tM rt>pplicaiion of -

········ Nikola··Tea lu·1 ·filP.ci···Fe-b..---21 1 · 1916 , · #!7·9-.-703.-·······¥ AlriULAn--.O('lliD'J·IT • .. 

~miMDn~ -----------------
~hi s case hna been exaMined. 

The claims are all ~ejected on either patent: 

Germ~n t o Lobe, 501 of 1877, Clusa 137 . 75 

" II r~u:p:pa, 19~',5RO of l r.os, Class 137.?!) (x) 

" "Overhoff , 224,759, of 1910," " " 

Er..a!:'li ner. 
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Dlv.~Q ...... J!oom ...... 9..?1 PI\\10r No . ... ~5 .. .... 
,A,t.:,, •ct,•ll 

' 1Tht Corruni•,ieuer of Peletttl, 
w~t~t,.,lo.n, D. C. ," 

• I'd ~t '"' otfie1• 1 by """'• · 
Lll/~1TH 

AU cwnu•vni.:.Ch.lrn• ""r~ctlnr thiJ 
&rr lh:•Uun llhilltiJ tl••~ I tot- •'"rt•l tH•nrbrr, 

4alt'·._.l fl11nr . tfUr .lt In\ ··nrl•tn, &8\1 
naMe of Urf' 'I'PU\ • :uC, 

D EPARTMENT OF THE INT ERIOR 

UNITED ST ATES PATENT OFFICE 

W ASHINGTON ..... liC>-Y..-... 25-. .. ~~l.G ................. . 

;-l . -- --
11. ~. !' ~ . 

,, , ' .. t\' 

! 
55 . ..Li be.r:tY. .. .St .... .... - .......................................... . 1 Ncv -'!.": 1 , , 1 

.. lJe.w .. York .. Ci.ty ................................................... . ·i·I ' :\ I l .-:.. ('- I 
Jr. ..... - -"' ----. . . ... . ....) 

Pkase find lJelow a commt1-nioa.tion from the EXAMINER in charfe of the application <Jf 

..•. J:tik.C>-lt\. ... ~_e.fUg_._ .. s.~r. .•.. .l{Q_, __ 1.~ ... ~9..Q_. __ ~~l~.9. .. r.~J;> __ f! ___ g~-·---~~-:J,f! ___ .:f.9.t ........................... .. 

..... Y.a.l :v:ul..e.r ... C..O.ndni:t .................. ________________________________________ ..................................................... .. 

• 6-ICSl 

~-~~ 
Comm~.: :! Pa~:. r --------

This is supplemeutury to the Office eotion of Jm1e 3, 1916. 

The oleims are all rejecte~ upon the S;riss patent to 

Edw6rds, 1 8,298 of 1698 , (Klasse 95), 137-112. 

Sec especi ally Fig. 1a , Fig . 3 and Fi~. 4 in this pat~nt . 

The Ex~niner regrets that the s~~ss patent was not diBcovereu 

in t he first search. it having bee~ found now in another cl~ ss ·of 

art in the Office. 

Applicant has one year from this date in which to amend 

his cuse. 

Examine~ . Div . 39. 
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Serial No.797oPaper No.~ 

Amendment C{_ 

Chicago, Ill ., November 23, 1917. 

Hon. Commissioner of Patents, 

washington. o. c. 
Sir: 

In response to Patent Office action dated November 

25, 1916, I amend as follows: 

Add to the specification the following, after line 2 

of page 11; 

- - - -r am aware that asymmetrical conduits have 

been constructed and their use proposed in connection with 

engines, but these have no similiarity either in their con

struction or manner of employment with my valvular conduit. 

They were incapable of acting as valves proper, for the fluid 

was merely arrested in pockets and deflected through 900, this 

result having at best only 25% of the efficiency attained in the 

construction herein described. In the conduit I have designed 

the fluid, as stated above, is deflected in each cycle through 

3600, and a co-efficient approximating 200 can be obtained so 

that the device acts as a slightly leaking valve, and for that 

reason the term "valvular" has been given to it in contrast to 

asymmetrical conduits, as heretofore proposed, which were not 

valvular in action, but merely asymmetrical as to resistance. 

Furthermore, the conduits heretofore constructed were 

intended to be used in connection with slowly reciprocating mach

ines, in which case enormous conduit-length would be necessary, 

all this rendering them devoid of practical value. By the use 

o£ an effective valvular conduit, as herein described, and the 

1. 

[rhis page retyped from o~ginaZ for better readabi lity - Ed.] 
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employment of pulses of very high frequency. I am able to 

condense my apparatus and secure such perfect action as to 

dispense successfully with valves in numerous forms of recipro-
and rotary engines. 

. ~ Cancel claims 1 to 6 inclusive, and substitute --

~~~---------------------------~----------1. A valvular conduit having interior walls of such con-

formation as to permit the free passage of fluid through it 

in the direction of flow buf~subject it to rapid reversals 
of direction when impelled in the opposite sense and thereby 

to prevent its return by friction and mass resistance. 

2 . . A valvular conduit composed of a closed passageway hav

ing recesses in its walls so formed as to permit a fluid to 

pass freely through it in the direction of flow, but to 
subject it to rapid reversals of direction when impelled 

in an opposite sense and thereby interpose friction and 

mass resistance to the return passage of the same. 

3. A valvular conduit composed of a tube or passageway with 

rigid interior walls formed with a series of recesses or 
pockets with surfaces that reverse a fluid tending to flow 

in one direction therein and thereby check or prevent flow 

of the fluid in that direction. 

4. A valvular conduit with rigid interior walls of such 
character as to offer substantially no obstacle to the pass

age through it of fluid impulses in one direction, but to 

subject the fluid to rapid reversals of direction and there

by oppose and check impulses in the opposite sense. 

5. A valvular conduit with rigid interior walls formed to 

permit fluid impulses under pressure to pass freely through 
it in one direction, but to subject them to rapid reversals 

of direction through 3600 and thereby check their progress 

2. 

(!hie page retyped from original for better readability. - Ed~ 
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w~en impelled in the opposite sense. 

6. A valvular conduit with rigid interior wa~ls which per

mit f~uid impulses to flow through it fre~ly in one direction, 

formed at a plurality of points to reverse such fluid im

pulses when impelled in the opposite direction and check 

their flow. 

Reconsideration of claim 7 is requested. 

It is thought that the foregoing matter added to the 

specificati on makes clear the broader differentiations of the 

invention set forth in this application from the Swiss patent of 

reference, and that the claims as amended define applicant's 

invention in important matters of novelty. Since the Examiner 

will readily grasp the distinctions thus made, upon his compara

tive consideration of the specification and claims of this case 

and the disclosure of the reference, it is believed to be needless 

to burden the record with more detailed s ·tatements of the in

adequacy of the reference to meet this case ~s above presented. 

As to claim 7, the intermediate baffles are distinctive. 

Chicago, Illinois, this 23rd day 

of November, 1917. 

3 . 

Nikola Tesla 

c=rnis page retyped from origi nat f or better readabi tity - Ed.] 
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.)'·f "'"'0 J>lv • ..... ~. . .. Room---~-~--- 2-2oo J".•avn Pnpor No. ·---~~L .... ,,,,.. ... ,,,.,, 
• •• .._, ColiRMfufot~oer •f Pai••C.., 

Wathinj1tOn, o. c.," -t- AU n-•w•tttt ....... .-pectb•~ I hi• 
appllcaUor.t •houWI rtv• lhoe Mrlel n~.tea'-er, 

• ••••• nunc, ctu. olla•Mlf••· ea• 
a••••ltltea~kaat. ,_., f'.et '"1 tlfici•t br ...... 

OEPARTMENT OF THE INTERIOR 

UNITED STATES PATf;NT OFFICE 

WASHINGTON ____________ J)ec .•... l.? . .,.. .. JSL? ________ _ 

·. -.-.. 
____ Xct.x., ... P.ae,e .. , ... C..9.l'.P.eJ:-~ .. f..a.y.WD-.r.d.~---~---

--------~-5 ... Lilu:tl..Y ... ~t ... _ •------------·--------------------

I 

l 
, .I 

------·-· ·····H.~.w .. Y.Qr.)}_, ___ F .•... 1. ..... _____________________ _ 
' · · -f ,1 · t ·. ~ :_ 

Pl«ue ft•ul l>c.ZOw a. 001n.mun.ication from the EXAMINER in char,te of tke applMD.tion of 

__ ....liikcla .. 'l'.e s.la., ... .f.i l.t"..d. . .Fe.b ....... 21, .. ~£.1.6., .. #.7.~.,.20.3 .... __________________________________ __ 

------------···--.Y.ALlllJ1 • .AR .. £ .0liDU.l T~----------........ --------------·-·-------.......................... --- ----·------

·.~~, 

o~ ~-~.?.:5:~ 
This is in reply to the amendment filed Nov. 24,1917 . 

Applicant 's new cl~im and hie argument b~ve been car e-

. fully conei dered . 

The advantage s of applicant 'a device over any that ~p:pce.xs 

in the record are recogni zed but t h e broadest x·et..sonable interpr e-

tation must be g i ven to the language of claims. Inasmuch a s ncit her 

i n applicant 'e device nor in the reference of r ecord is there a com

plete prevent ion of the reversal of flow ,apparently the t e:rm 

''valvular" may be correctly applied to the de,•ices patented ancl 

especially in those sho\"m in the Swiss pet ent ar,d cited in the 

last Office letter. If this position i s cc•rrect apperently prt<ee-r:t 

cle.itr.s 1, 4 1 and 6 are clear l y anticipated by the Swies pater:t. 

Claims 2 a.01d 3 wh1ch recite a construction ir. which the pocY.
are 

eta/formed not by thickenine the wall by mea"ls of project :!.one bvt 

by removing portions c•f the well e.ppear'to be allowable es advised. 

Clai~ 5 reciteo a capacity i n the device of p r oducing re~ 

versals of directjon through 360°. Even in conn ect i on with ap:r-}j-

cant's addition to the apeci(icetion this feature js ne-t quite c"lear , 

inasmuch a.e the "cycle" referred to jn the ad~ed te-xt is r.ot cert.~ir.-

ly defined. Action on the merits of claim 5 ie therefore cleferr~d. 

Claim ? r etained ie now thought to be allowable as advised. 
Cla.ims 1, 4, and 6 must be rejected. ~ 

a-ye-~~ tZZ-----~- ... -::-~--
- 1 t t Exami nE'r. 
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Nikola Te sla NEW YORK. 8 WEST 40TH. ST. 
Valvular Conduit 

P'1le d February 12,1916 

Ser iG.l N~. 7~. 703 v 

TEL. 23 VANDERBILT. 

Decembe~ l4, 1918 

Hen. Con::::nh:s ione r of Patents, I 
I 

V!aeh5.ngton, D. C. 

Sir: 

/.; .. ... ' 

/ 

'P' .' ·~ 

HICHfllEQU[NCY DYNAMOS ,/) 
liCHTNINC PROTECTORS i-/. 
INTEI!rtRENC£ PI!EVENT•ERS 
OSCILLATION TRANSrORMFRS 
SCIENTIFIC NOVE LTIE S 

· r , 
J 

\ 

·l~tif') 
,-:.., '. J ~ .... 

Referrine to Official Letter o:!:' Dec~oor 17, 1917 in reg~<rn 

to tt:e eboye application and nrgument fl"Ubmitted I\ovembcr 24, 1917 , I 

be~ to amend ae follows: 

tdd to le et nerned nrgmnent on line 4, page 2, followin~ 

stl'ltement: 

.4ha high efficiency of the device, 1rrospecti ve c-f the 

chsrf!cter of t he pulees, ie due to tv;o ceua&s: first, rapid rever!'!el 

of dire ction of fl.ov; E~nd, Be('Ond, greet re~ative velocit:t of the ~ol

liding fluid columns. Ae will be readily seen eocb bm~ket c:suses a 
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Hen. Commissioner or I'atents -2- . -. --:~,~~. 
. • j • • 

o/ o / 
doviation through an enelo of 180~ end another chonge of 180;:/ 

occurs in each of the spaces 1-e tween two adjacent buckets. That 

u to say, from the timo the :f'luirl enters or leav~te one of the 

recesses to its p&sse~e into, or exit froc·, the On$ i:ollo\vin~ o 

oanplete cycle. or deflection through 360~ is eff~cted. Observe 

now that the velocity is but slightly reduced in the reversal so 

tt.lt the incoming end deflected :fluid column$ meet with s relative 

speed, twice t hat o-f tho flow, and the energy of their imp~ct is 

four tirr.ee: great~r than v>ith a deflection o:f onl~, goo/, as might be 

obtained wi.th pockets 6\lCh RS have been employed in asymmetricnl 

condmts for va rioue purposes. The fact is. however, thet in thef:e 

such defiection is not f1ecured, the pockets remaining filled with 

compsret:1vely quiescent :fluid ru+d the latter following a winding 

path of le,est resistance between the oba tecles ir•terposed. In &"Uch 

condt:its the action cannot be characterized Es '"valvular" beor•tl.IJa 

somo of t~ :fluid crm pass almost unimpeded in 1:1 direction c;ppO B:!.te 

to the normal flow. In rny construction, os flbove indicated , the; 

re~dstance ir• the reverse m£y be 200 times that in the ncrmr.l di

recti on. Owing to thie a comparatively ve r; small numrer of bucket~:. 

or elerr.ent e is required for cheeking the ·fluid. To give a concrete 

q/"_idl'a, suppose th.Rt the leak from the first element is rej_,resentee 
~"t ·---~ 

t.r-P ~ 1 ~--:r_~-~5~~-1 on(ij then after the !l~J bucket is traversed, only e 

f r: quantity e~~-r.:i.ll eecapc and it i8 evident thnt X neoa net be a 
'·~- I . ~/ . 1' ,.,_.,. 
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Hon. Commies ionor of Potontt' -z- ·~/f•) -~ 
,...., J , ' 

large number to secure ~ nearly perfect v&lvular action. 

I bel ievo that tho preceding v: ill· meot the Examiner's 

wivh for explicitness in rec-ord to claim 5 ~md elao satisfy him 

that the charEctcrisation of the action of :my device is entirely 

ju!:'ltified in fact ond eleo as distinctive :from the prior art. I 

truet, therefore, ths t in view of t M importance of the invention 

ancl the dssirability of' using a fitting term, clabo 1, 4 emi. 6 

may be &llcv:ed in their present :form. 

Roconsideration 1~ respectfully rcqua~tcd. 

---.... 
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ADDRESS ONLV 
T H £ COMMI~SION(R OF" fi'AT£.NTI. 

WASHI NGTON, D. C. 2-18 1 Serial No. 

DEPARTMENT OF THE INT ERIOR 

UNITED STATES PATENT OFFICE 

WASHI NGTON Jan. 6 t 1919 • 

Nikalo Te e la, 

Sir: Your APPLICATION for a patent for a n IMPROVEMENT 
Valvular Con dui t . 

in 

~ filed Feb . 21, 19 16. , h a s been examined and ALLOWED . 
~ The final f e e , TWENTY DOLLARS, must be paid not later than ~ 
~ SIX MONTHS from the date of this pre sent notice of allowance. 
~ If the final f ee be not paid within that ~eriod, the patent on 
foe this application will be withheld, unles s renewed with an ~ 
foe additional fee of $15, under the provisions of Section 4897, z 
< Revised Statutes. ~ 
~ The office delivers p atents upon the day of their date,and ~ 
~ on which their term begins t.o run. The printing, photoli tho - H 

~ graphing, and engrossing of the several p a tent parts, prepara- ~ 
tory to f inal signine and sealing, will require about four ~ 
weeks, and such work will not be undertaken until after payment 
of the ne c essary f ee. £ 

When you send t he final fee you will also send, DISTINCTLY ~ 
AND PLAINLY WRITTEN , the name of the INVENTOR, TITLE OF I NYEN- ~ 

~ TION, A:t-"D SERIAL NUJ..1BER AS ABOVE GI VEN, DATE OF ALLOWANCE tn 

~ (wh ich is the date o f this circular) , DATE OF FILING, and, if ~ 
assigned, the NM~ES OF THE ASSIGNEES . ~ 

~ If ynu des i re to have t h e patent issue to ASSIGNEES, an ~ 
~ ass ignment containing a REQUEST to t hat effect, together wi t h 5 

the FEE for record ing the same, mus t be filed in this office on ~ 
or before the dat e of payment of final fee. · ~ 

After issue of the patent uncertified copies of t.he draw- tzJ 
ings and specifications may be purchased at the price of FIVE > 
CENTS EACH. The money should accompany the order . Post age g 
stamps wi ll not be rece i ved. ~ 

Final fees will NOT be received from other than the appli- ~ 
f%l cant, his assignee o r attorn e y , or a par ty in interest as shown ~ 
foe by the records of t he Patent Office. 
C!) 

z 
H 
foe 

Respe ctfully, 

foe 

! o~~7:sio~~: 
~ -----~-~-;:_~L~-~E:~.L~.C?.9_P.~J:· ... ~-~ .. ~~YY't;:q1 , . ... ........... ... .. 
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Your petitioner, 111KOLA TESLA , a c itizen ot t~;C:t 

United States and a. r esident o f New York , in the Count~r 

o.nd State of Nen York, whose postoffice address is 8 Vte:::t 

40th St:-e e t, New York, U.Y., represents that on Feb:rus.ry 

21, 1916, he filed an application for letters patent for 

an improvea:ent in Valv:llar Condu.its, Serial No. 79,703, 

\'/hie h application v;as allowed on January 6, 1919, but 

thAt he failed to meke payment. of the final f ee within t he 

time allowed by l a w. He nor; ma.J:es renewed application 

for letter!> patent :fo r said invention, and prays that tr.e 

origjna1 specification , oath s.nd . dravtings may be used e.s 

F. part oi this a ppl:i cut ion 

;,,.(e. J-1¥· ~I 
;,-).~~ 1 ~: 1 ·;: .. ~:.x. ~--,~ 

SiGnt~u ttt-nerrYork, N. Y., 

thi s ?~.f..day of July, 1915 . 
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AOOIIUf ONLY 
nil: co•nii~OIONLH 0!'" rATENTI. 

WAtHtNOTOIO. 1:'. C. 2-181 Serial No. 309,482 

DEPARTMENT OF THE INTERIOR 

UNITED STATES PATENT OFFICE 

WASHINGTON July 15, 1919. 

Nikol& Tesla, 
Sir: Your APPLICATION for a patent for an IMPROVEMENT in 

VALVULAR CONWIT. 

~ filed Feb. 21, 1916. , has been examined and ALLOWED. 
~ The final fee, TWENTY DOLLARS, must be paid not later than ~ 

SIX MONTHS from the date of this present notice of allowance. E If the final fee be not paid within that period, the patent on 
this application will be withheld, unless renewed with an ~ 

£-< additional fee of $1.5, under the provisions of Section 4897, Z 
< Revised Statutes. ~ 
~ The office delivers patents upon the day of their date,and ~ a on which their term begins to run. The printing, photolitho- ~ 
~ graphing, and engrossing of the several patent parts, prepara- H 

.tory to final signing and sealing, will require about four ~ 
~ weeks, and such work will not be undertaken until after payment 
::S of the nee essary fee. fa 
~ When you send the final fee you will also send, DISTINCTLY ~ 
~ AND PLAINLY WRITTEN, the name of the INVENTOR, TITLE OF INVEN- X 
toil TION, AND SERIAL NUM'BER AS ABOVE GIVEN, DATE OF ALLOWANCE en 
~ (which is the date of this circular), DATE OF FILING, and, if ~ 
toil assigned, the NAMES OF THE ASSIGNEES. 8 
> If you desire to have the patent issue to ASSIGNEES, an 
~ assignment containing a REQUEST to that effect, together with S 

the FEE for recording the same, must be filed in this office on ~ 
f: or before the date of payment ·Of final f ee. 
~ After issue of the patent uncertified copies of the draw-
~ ings and specifications may be purchased at the price of FIVE 
~ CENTS EACH. The money should accompany the order. Postage 
~ stamps will not be received. 
toil Final fees will NOT be received from other than the appli
~ cant, his assignee or attorney, or a party in interest as shown 
£-< by the records of t he Patent Office. 
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H 
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Respectfully, 

[-< 

! o~mm%·sio~~; 
, ....... .'~~!X . .l .. ?..~g~_, ___ QQ.QJ1~T. ... ~ .. H.~YJ.ard t ·· .............. ....... . 
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WONDERS OF THE FUTURE 
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Nikola Tesla is an inventor~ electrical wizard~ and seer. He is the discoverer 
of alternating-current power transmission~ the system of electrical conversion and 
distribution by oscillatory discharges~ transmission of enePgy thPough a single 
wiPe without return~ a system of wireless transmission of inteZZigenae~ transfor.mer~ 
etc. His laboratory is at Shoreham, L. I. 

Many a would-be discoverer, failing in his efforts, has felt regret at having 
been born at a time when, as he thinks, everything has been already accomplished 
and nothing is left to be done. This erroneous impression that, as we are advan
cing, the possibilities of invention are being exhausted is not uncommon. In real
ity it is just the opposite. What has been so far done by electricity is nothing 
as compared with what the future has in store. Not only this, but there are now 
innumerable things done in old-fashioned ways which are much inferior in economy, 
convenience, and many other respects to the new method. So great are the advan
tages of the latter that whenever an opportunity presents itself the engineer advises 
his client to 11 do it electrically ... 

Water power offers great opportunities for novel electrical applications, partic
ularly in the department of electrochemistry. The harnessing of waterfalls is the 
most economical method known for drawing energy from the sun. This is due to the 
fact that both water and electricity are incompressible. The net efficiency of the 
hydroelectric process can be as high as 85 per cent . The initial outlay is gener
ally great, but the cost of maintenance is small and the convenience offered ideal. 
My alternating system is invariably employed, and so far about 7,000,000 horsepower 
as been developed. As generally used, we do not get more than six-hundredths of a 
horsepower per ton of coal per year. This water energy is therefore equivalent to 
that obtainable from an annual supply of 120,000,000 tons of coal, which is from 25 
to 50 per cent of the total output of the United States. 

Great possibilities also lie in the use of coal. From this valuable mineral we 
chiefly draw the sun's stored energy, which is required to meet our 1ndustrial and 
commercial needs . According to statistical records the output in the United States 
during an average year is 480,000,000 tons. In perfect engines this fuel would be 
sufficient t o develop 500,000,000 horsepower steadily for one year, but the squand
ering is so reckless that we do not get more than 5 per cent of its heating value 
on the average. A comprehensive electrical plan for mi ning, transporting, and using 
coal could much reduce this appalling waste. What is more, inferior grades, bill
ions of tons of which are being thrown away, might be turned to profitable use. 

Similar considerations apply to natural gas and mineral oil, the annual loss of 
which amounts to hundreds of millions of dollars. In the very near future sacn 
waste will be looked upon as criminal and the introduction of the new methods will 
be forced upon the owners of such properties. Here, then , is an immense f ield for 
the use of electricity in many ways. The manufacture of iron and steel offers an
other large opportunity for the effective application of electricity. 

In the production of pig iron about one ton of coke is employed for every ton. 
Thus 31,000,000 tons of coke are used a year . There are 4,000,000 cubic feet of 
gases from the blast furnaces which may be used for power purposes. It is practi
cable to obtain 2,500,000 horsepower electrical energy in this way. 

In the manufacture of coke some 41,000,000 tons of coal are employed in this 
country, From the gases produced in this process some 1,500,000 horsepower could 
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be produced in the form of electrical energy. 
I have devoted much thought to this industrial proposition, and find that with 

new, efficient, extremely cheap, and simple thermodynamic transformers not less 
than 4,000,000 horsepower could be developed in electric generators by utilizing 
the heat of these gases, which, if not entirely wasted, are only in part and inef
ficiently employed. 

With systematic improvements and refinements much better results could be se
cured and an annual revenue of $50,000,000 or more derived. The electrical energy 
could be advantageously used in the fixation of atmospheric nitrogen and production 
of fertilizers, for which there is an unlimited demand and the manufacture of which 
is restricted here on account of the high cost of power. I expect confidently the 
practical realization of this project in the very near future, and l ook to excep
tionally rapid electrical development in this direction. 

But the time is very near when we shall have the precipitation of the moisture 
of the atmosphere under complete control, and then it will be possible to draw un
limi ted quantities of water from the oceans, develop any desired amount of energy, 
and completely transform the globe by irrigation and intensive farming. A greater 
achievement of man through the medium of electricity can hardly be imagined. 

The present limitations in the transmission of power to distance will be over
come in two ways: through the adoption of underground conductors insulated by power, 
and through the introduction of the wireless art. 

When these advanced ideas are practically realized we shall get the full benefit 
of ·water power, and it will become our chief dependence in the supply of electricity 
for domestic~ public, and other uses in the arts of peace and war. 

A vast and absolutely untouched field is the use of electricity for the propul
sion of ships. The leading electrical company in this country equipped a large 
vessel with high-speed turbines and electric motors. The new equipment was a sig
nal success. Applications of this kind will multiply at a rapid rate, for the ad
vantages of the electrical drive are not patent to everybody. Gyroscopic apparatus 
will probably play an important part, as its general adoption on vessels is sure to 
come. Very little has yet been done in the introduction of electrical drive in the 
various branches of industry and manufacture, but the prospects here are unlimited. 

Books have already been written on the uses of electricity in agriculture, but 
the fact is that very little has been practically done. The beneficial effects of 
electricity of high tension have been unmistakably established, so that we are war
ranted in believing that a revolution will be brought about through the extensive 
adoption of agricultural electrical apparatus. The safeguarding of forests against 
fires, the destruction of microbes, insects, and rodents will, in due course, be 
accomplished by electricity. 

In the not far distant future we shall see a great many new uses of electricity 
that will aim at safety. The safety of vessels at sea will be particularly affected. 
We shall have electrical instruments which will prevent collisions, and we shall 
even be able to disperse fogs by electric force and powerful and penetrative rays. 
I am hopeful that within the next few years wireless plants ·will be installed for 
the purpose of illuminating the oceans. The project is perfectly feasible; if car
ried out it will contribute more than any other provision to the safety of property 
and human lives at sea. The same plant could also produce stationary electrical 
waves and enable ships to get any time accurate bearings and other valuable practi
cal data, thus making the present means unnecessary. It could also be used for 
time signaling and many other such purposes. 

In the great departments of electric light and power great opportunities are of
fered through the introduction of many kinds of novel devices which can be attached 
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to the circuits at conveni ent hours to equalize the loads and increase the revenues 
from the plants. I myself have knowledge of a number of new appliances of this 
kind. The most important of them is probably an electrical ice machine which ob
viates entirely the use of dangerous and otherwise objectional chemicals. The new 
machine will also require no attention and will be very economical in operation. 
In this way refrigeration will be effected very cheaply and conveniently in every 
househo·ld. 

An interesting fountain, electrically operated, has already been brought out. 
It will very likely be extensively introduced, and will afford an unusual and pleas
ing sight in squares, parks, and hotels. 

Cooking devices for all domestic purposes are now being made, and there is a large 
demand for practical designs and suggestions in this field, and for electric signs 
and other attractive means of advertising which can be electrically operated. Some 
of the effects which it is possible to produce by electric currents are wonderful 
and lend themselves to exhibitions. There is no doubt that much can be done in this 
direction. Theatres, public halls, and private dwellings are in need of a great 
many devices and instruments for convenience, and offer ample opportunities to in
genious and practical inventors. 

Great improvements are also still possible in telegraphy and telephony. The use 
of a new receiving device, the sensitiveness of which can be increased almost with
out limit, will enable us to telephone through aerial lines or cables of any length 
by reducing the necessary working current to an infinitesimal value. This invention 
will enormously extend the wireless transmission of intelligence in all its depart
ments. 

The next art to be introduced is that of picture transmission telegraphically. 
Existing apparatus will be used . This idea of tel egraphing or telephoning pictures 
was arrived at long ago, but practical di fficulties have hampered corrmercial reali
zation. There have been promising experiments, and there is every reason to believe 
that success will soon be achieved. Another valuable invention will be a typewriter 
electrically operated by the human voice. This advance will be of the utmost value, 
as it will do away with the operator and save a great deal of labor and time in bus
iness offices. 

Many municipal improvements based on the use of electricity are soon to be intro
duced. There will be smoke annihilators~ dust absorbers, ozonizers, sterilizers of 
water, air, food, and clothing, and accident preventers on streets, elevated roads, 
and in subways. It will become next to impossible to contract diseases from germs 
or get hurt in the city. Country folk will go to town to rest and get well. 

Electrotherapy is another great field in which there are unlimited possibilities 
for the appl ication of electricity. High-frequency currents especially have a great 
future. The time is bound to come when this form of electrical energy will be on 
tap in every private residence. It is possible that we may be able to do away with 
the customary bath. The cleaning of the body can be instantaneously effected simply 
by connecting it to a source of electric energy of very high potential, which will 
result in the throwing off of dust or any small particles adhering to the skin. 
Such a bath, besides being dry and time-saving would also be of beneficial thera
peutic influence. New electric devices that will be a blessing to the deaf and 
blind are coming. 

Electrical instruments will soon become an important factor in the prevention of 
crime. In court proceedings electric evidence can be made decisive. It will, no 
doubt, be possible before very long t o flash any image formed in the mi nd on a 
screen and make it visible to a spectator at any place desired. The perfection of 
this sort of reading thought will create a revolution for the better in all our soc
ial relations. It is true that cunning lawbreakers will avail themselves of the 
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same means to further their nefarious business . 
The present international conflict is a powerful stimulus to invention of de

structive devices and implements . An electric gun will soon be brought out. The 
wonder is that it was not invented long ago. Dirigibles and aeroplanes will be fur
nished with small electric generators of high tension, from which the deadly cur
rents will b~ conveyed through thin wires to the ground. Battleships and submarines 
wil l be provided with electric and magnetic feelers so delicate that the approach 
of any body under water or in darkness may be easily detected. Torpedoes and float
ing mines will direct themselves automatically and without fail get in fatal con
tact with the object to be destroyed - in fact, these are almost in sight. The art 
of telautomatics, or wireless control of automatic machines at a distance, will1 play 
a very important role in future wars and, possibly, in the later phases of the pres
ent one. Such contrivances, which act as if endowed with intelligence, may take the 
shape of aeroplanes, balloons, automobiles, surface, or underwater boats, or any 
other form according to the requirement in each special case. They will have far 
greater ranges and will be much more destructive than the implements now employed. 
I believe that the telautomatic aerial torpedo will make the large siege gun, on 
which so much dependence is now placed, utterly obsolete. 
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NIKOLA TESLA TELLS OF COUNTRY'S WAR PROBLEMS 

Needs in Aerial and Naval Spheres and Means for Combating Hostile Attack Described -
Numerous Devices of American Invention Already Exist - Others Required 
By Nikola Tesla 

The conquest of elements, annihilation of distance in the transmission of force 
and numerous other revolutionary advances have brought us face to face with problems 
new and unforeseen. To meet these is an imperative necessity rendered especially 
pressing through the struggle which is now being waged between nations on a stupen
dous scale unprecedented in history . 

This country, finding it impossible to remain an inactive witness of medieval 
barbarism and disregard of sacred rights, has taken up arms in a spirit broad and 
impartial and in the interest of humanity and peace. Its participation will be 
absolutely decisive as regards the final result, but those who expect a speedy ter
mination of the conflict should undeceive themselves. 

War, however complex, is essentially a mechanical process, and, in conformity 
with a universal principle, its duration must be proportionate to the masses set in 
motion. The truth of this law is borne out by previous records, from which it may 
be calculated that, barring conditions entirely out of the ordinary, the period 
should be from five to six years. 

Grea~ freedom of institutions, such as we are privileged to enjoy, is not condu
cive to safety. Militarism is objectionable, but a certain amount of organized dis
cipline is indispensable to a healthy national body. Fortunately, the recognition 
of this fact has not come too late, for there is no immediate danger, as alarmists 
would make us believe. The geographical position of this country, its vast resources 
and wealth, the energy and superior intelligence of its people, make it virtually 
unconquerable. 
We 'Would Win in the End . 

There is no nation to attack us that would not be ultimately defeated in the 
attempt. But events of the last three years have shown that a combination of many 
inimical powers is possible, and for such an emergency the United States is wholly 
unprepared. The first efforts must therefore be devoted to the perfection of the 
best plea for national protection. This idea has taken hold of the minds of people 
and great results may be expected from its creative imagination fired by this oc
cas ion, such as may in a larger measure recompense for the awful wastage of war. 

While the chief reliance in this perilous situation must be placed on the army 
and navy, it is of the greatest importance to provide a big fleet of aeroplanes and 
dirigibles for quick movement and observation; also a great number of small high 
speed craft capable of fulfilling various vital duties as carriers and instruments 
of defence. These, together with the wireless, will be very effective against the 
U-boat, of which the cunning and scientific enemy has made a formidable weapon, 
threatening to paralyze the commerce of the world. 

As the first expedient for breaking the submarine blockad·e, the scheme of employ
ing hundreds of small vessels, advanced by Mr. W. Denman, chairman of the United 
States Shipping Boardt is a most excellent onet which cannot fail to succeed. An
other measure which will considerably reduce the toll is to use every possible means 
for driving the lurking enemy far out into the sea, thus ext·ending the distance at 
which he must operate and thereby lessening his chances. But a perfect apparatus 
for revealing his presence is what is most needed at this moment. 
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Several Devices Known. 
A number of devices, magnetic, electric, electro-magnetic or mechanical, more or 

less known, are available for this purpose. In my own experience it was demonstrat
ed that the small packet boat is capable of affecting a sensitive magnetic indicator 
at a distance of a few miles. But this effect can be nullified in several ways. 
With a different form of wireless instrument devised by me some years ago it was 
found practicable to locate a body of metallic ore below the ground, and it seems 
that a submarine could be similarly detected. 

Sound waves may also be resorted to, but they cannot be depended upon. Another 
method is that of reflection, which might be rendered practicable, though it is 
handicapped by experimental difficulties well nigh insuperable. In the present 
state of the art the wireless principle is the most promising of all, and there is 
no doubt that it will be applied with telling effect. But we must be prepared for 
the advent of a large armored submarine of great cruising radius, speed and destruc
tive power which will have to be combatted in other ways. 

For the time being no effort should be spared to develop aerial machines and 
motor boats. The effectiveness of these can be largely increased by the use of a 
turbine, which has been repeatedly referred to in the HERALD and is ideally suited 
for such purposes on account of its extreme lightness, reversibility and other 
mechancial features. 
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MINUTES OF THE ANNUAL MEETING OF THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, 
HELD AT THE ENGINEERING SOCIETIES BUILDING, NEW YORK CITY, FRIDAY EVENING, MAY 
18,1917. 

PRESENTATION OF THE EDISON MEDAL TO NIKOLA TF.SLA. 

Pres~dent Buck called the meeting to order at 8:30 o'clock. 
THE PRESIDENT: As you know, gentlemen, this is the Annual Meeting of the In

stitute, and the first thing on the program will be the presentation of the Report 
of the Board of Directors by our Secretary, Mr. Hutchinson. 

SECRETARY HUTCHINSON: The annual report of the Institute for the year has been 
printed and distributed, and it is not my intention to take the time to read it. It 
consists of a brief resume of the activities of the institute for the entire year, 
and includes abstracts of the reports of the various committees. 

(Secretary Hutchinson then abstracted the Report of the Board of Directors.) 
THE PRESIDENT: Gentlemen, the next order of business of the evening will be 

the announcement of the election of officers and managers for the coming year. The 
report of the Tellers will be presented by the Secretary, Mr. Hutchinson. 

Secretary Hutchinson then presented the report of the Tellers, which showed 
elections as follows: 

President: 
Vice-Presidents: 

Managers: 
(Term expiring 
July 31, 1921) 

W. W. Rice, Jr. 
Frederich Bedell, 
John H. Finney, 
A. S. McAllister 
Wa 1 ter A. Ha 11 , 
E. H. Martindale, 
William A. DelMar, 
Wilfred Sykes 

Treasurer: George A. Hamilton 
(The president then declared the foregoing-named gentlemen as duly elected of

ficers and managers of the Institute as indicated.) 
THE PRESIDENT: It i s our privilege from time to time to honor those in the elec

trical profession who have ·rendered conspicuous service towards this advance. We 
have the pleasure this evening of so honoring Mr. Nikola Tesla. Dr. Kennelly, who 
is Chairman of the Edison Medal Committee, will tell us what the Edi son Medal is and 
what it stands for. I take pleasure in introd~cing Dr. A. E. Kennelly. 

DR. A. E. KENNELLY: Mr. President, Ladies and Gentlemen: It is my privilege to 
say a few words to you upon the origin and purpose of the Edison Medal. First of 
all, many people suppose that the Edison Medal is a medal presented by Mr. Edison. 
That i s a mistake. Mr. Edison has been so busy during his life receiving medals 
that he has not time for the delivery of any. The Edison Medal owes its existence 
to the action of a group of his admirers who in a very remarkable Deed of Gift, a 
printed copy of which I have here, have set apart a fund for the purpose of the an
nual award of a medal for meritorious achievement in the electrical science and art. 
This deed of gift originally recited, in 1904, that the medal should be annually 
awarded for the best graduating thesis by the students of electrical engineering in 
the United States and Canada, but in the years that elapsed between 1904 and 1908, 
I tnink I am correct in saying that there were no successful candidates, at least 
for the medal under those terms, although there may have been many aspirants. It is 
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supposed that the dignity of the medal and the junior character of the tyros re
strained them in their modesty from making proper application. 

Be that as it may, finding that the applicants held back under the original 
terms of the deed of gift, the matter was taken up further and the original body 
of men redrafted the deed and placed it in the hands of the American Institute of 
Electrical Engineers to award the medal~ under the choice of a Committee, annually, 
for meritorious achievement, as indicated, to any resident of the United States, 
its dependencies, or Canada, during each administration year. The monument which 
they raised to Mr. Edison by their act is, I think you will admit, one of the most 
wonderful that has ever been raised to any scientist. 

The Deed of Gift says that there shall be twenty-four members appointed by the 
American Institute of Electrical Engineers, sixteen from the membership at large, 
three ex officio members, the President, Secretary and Treasurer, and the balance 
from the Board of Directors. 

Every year the medal is due to be awarded. There have been already six medals 
awarded, not counting the medal which is to be awarded to-night, and the recipients 
of these medals have been Elihu Thomson, Frank J. Sprague, George Westinghouse, 
William Stanley, Charles F. Brush, Alexander Graham Bell. I think you will say 
that is a fitting selection for the ·galaxy of names that we look forward to in the 
future, all of them, in honoring Mr. Edison's achievements, which have been so note
worthy, that every household in the land holds his name as a cherished household 
word. We may look forward to a time say a thousand years hence, when, like this 
evening, the American Institute of Electrical Engineers, or its successors or as
signs, shall be convoked, and at which the medal of the year will be awarded to its 
One Thousand· and Seventh recipient, and all that long galaxy of names will repre
sent those individuals who have contributed to the recognition of the achievements 
of Mr. Edison and his gift to humanity. 

In addition to what this deed of gift shows in honor of Mr. Edison himself, there 
is, of course, the very great honor that it bestows upon the recipient. The Deed 
of Gift says there shall be twenty-four jurors, which you see is twice the number 
of jurors that is allowed in the palladium of our liberties, but whereas the jurors 
of ordinary life convict by unanimous vote, the twenty-four jurors of the Edison 
Medal convict, at least, by a two-thirds vote, so I think I am correct in saying 
that their convictions have hitherto been entirely unanimous, and in this particular 
case I can certainly declare that it has been unanimous . 

The galaxy of names that will be produced and has already been produced under 
this deed of gift will be great and noteworthy. It will not be necessary to look 
into a 11Who's Who 11 to see who has been great and notorious and worthy of merit in 
electrical science and art. The historian of the future will simply say - 11 Give 
me the list of the Edison Medallists ... 

This deed of gift is also wonderful in other respects. It has marvelous flex
ibility and marvelous rigidity in certain directions. It provides for the possi
bility of a change of personnel, a change of procedure and a change of administra
tion as time and things may change. It only makes one rigid restriction, and that 
is that the name 11 Edison Medal" shall never be changed. Times may change and per
sons and institutions , the Institute itself may go out of existence, and there is 
provided machinery whereby if the Institute should say it is tired, or it has gone 
out of existence, or can no longer administer the medal, that the five oldest uni
versities of the country, maintaining a course in electrical engineering, shall be 
ab 1 e to place the admi ni strati o·n of the medal by their vote in the hands of some 
new institution, so you see that this is a very wonderful Deed of Gift that I have 
the ·honor of bringing to your notice here this evening in connection with the be
stowal of this medal. Another great advantage that the medal presents is that its 
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recipient shall be alive, that is to say he must not only have been convicted of 
great merit and meritorious achievement~ but he must also have escaped being run 
over by automobiles up to the time of the presentation . That represents a great 
advance over those methods of awarding distinction which depend upon the demise of 
the individual. You know somebody has said that a great statesman is a successful 
politician who is dead, but we may say that the Edison Medallist is a great elec
trician· who is alive, and you know it is wonderful how little is known someti~es 
about a man 1 s demise, however much may be known about his work. The other day I 
met a negro in the South, and I happened to mention Washington, and what was done 
by George Washington who died so many years ago, and .he said, ''For de Lawd 1 s sake, 
I doant even heard the man was sick." So you see that even George Washington, no 
matter how meritorious he might have been in electrical matters, could not possibly 
be the recipient of an Edison medal. 

We have recently received the sad news in this country of the demise of the great 
English electrical engineer Silvanus P. Thomson, a man who had many admirers and 
many friends in this country, many students here, a man whose name and work is dear 
to so many of us, and efforts are now being made to contribute to a fitting memorial 
for him by the purchase of his library as an appendix to the great library of the 
Bri tish Institution of Electrical Engineers, and a notice is given on page 126 of 
the May Proceedings of the Institute regarding that movement, and you will find it 
a very worthy movement. Subscription lists are open to the members of this Insti
tute, as a matter of courtesy, and a matter of recognition, that so many of his 
friends in this country could be allowed to give some contribution to this great 
Thomson Memorial. It is a fact, as I dare say many of you know, that the funds for 
Lord Kelvin's Memorial Window in Westminster Abbey were largely raised in America, 
more largely, I believe, than they were in England itself. In this case I am led 
to believe that they do not want the funds so much, as they want the names of sym
pathizers with the project, the support of those who recognize the work and merit 
of Silvanus P. Thomson. But how much better it would be if we were presenting a 
memorial to Silvanus P. Thomson living, as we are able to d9 in the case of the 
Edison Medal, than presenting a memorial to Silvanus P. Thomson passed away. 

Then one thing more: This deed of gift between its lines suggests a third and 
by no means least important purpose, and that is a safeguard, lest we forget. We 
in this time and of this continent, particularly we of the electrical professiion, 
with our faces ever turned to the rising sun, are so apt to forget that there has 
been a preceding night of trouble, difficulty and dismay, and that the tools of our 
trade which lie to our hand were only secured by hard work and toil against al l 
sorts of distress and discouragements. The Edison Medal is our means for reviving 
your memories of the past and pointing out that the things we look upon as the sun
shine of heaven now have been arrived at by the hard work, the inspiration, or, as 
Edison himself would say, the perspiration of those who have worked in the past. 

We remember that beautiful book, "The· Twins", where Budge and Toddy the children 
always insisted at all times of the day and night to see the wheels go 'round and 
have their father's watch opened for them. The medallist to-night was a man who 
saw in his mind wheels going around when there was no means of getting alternating 
current motors to rotate, when the alternating current would do everything but make 
wheels go 'round, and he devised the rotating magnetic field so prophetically in 
his mind's eye that the rotating magnetic wheel would set wheels going 'round all 
over the land and all over the world, and the vision is carried out, and we recog
nize that vision here, and the Medal is partly as a reminder that we should not 
forget the fact, that the medallist also made the phenomenon of high frequency 
known to us all practically for the first time, and that what he showed was a rev
elation to science and art unto all time. 

For this third purpose the Edison Medal has been created, and we may look far 
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forward into the future and see it given year after year for, let us hope, a thou
sand years from now, in the year 2917, to witness the ceremony which we may well 
expect will be furnished at that time. {Applause) 

THE PRESIDENT: Dr. Kennelly has referred to the struggles of the past, and we 
are very fortunate in having with us to-night one who was associated with Mr. Tesla 
in his struggles of the past. Gentlemen, I want to introduce to you Mr. Charles A. 
Terry, who will tell us something about these struggles and the early work of Mr . 
Tesla, for which we assign to him the Medal to-night. 

CHARLES A. TERRY: Mr. Kennelly spoke of the thousandth award of the Medal. I 
think there is a peculiar significance in the fact that Mr. Tesla is to receive the 
seventh medal - the seventh in most calculations is considered a most excellent 
number to have . 

The convolutions of the brain of one man impel him to paint upon canvas the 
visions of his soul; another conceives beauty of form which he must express in plas
tic art or in architectural structure; others are driven by an inner force to devote 
their lives to the discovery of the secrets of unexplored regions of the earth, or 
to search out the mysteries of the stars; some find themselves compelled by an ir
resistable desire to learn through archeological research the forgotten achieve
ments of ancient races; still others· seek to ascertain and formulate the physical 
laws which govern the processes of nature, and men with other talents find them
selves urged by a like persistent force to devise and disclose new means whereby 
those laws may be utilized for the further benefit of mankind. 

It is this God-given desire to accomplish and to give, that has produced the 
Michelangelos, the Galileos, the Sir Christopher Wrens, the Livingstons, Newtons, 
Franklin$, Westinghouses, Edisons and scores of other makers of history; men whose 
names we retain in affectionate remembrance, because they earnestly responded to 
the call from within and by patient toil conceived thoughts and discovered things 
of value which they promulgated for the benefit of their fellow men. 

Although hope of reward may and properly should exist as an added impulse to 
such endeavors, the chiefly effective force compelling ·to the long hours of hard 
work and personal sacrifices of such men is the "I must" which speaks from within 
the soul, and with our truly great men the desire for reward is better satisfied 
by a consciousness of achieving their aims and by the just commendation of their 
fellows than by material gain, except insofar as the latter may aid in the further 
advancement of their tasks . 

Fortunately, men generally are not jealous nor envious of the doers of great 
deeds and the givers of large benefits, but from the depths of their hearts are 
grateful and they are satisfied only when evidence of their gratitude can be 
brought home to the gi ver. 

It is because of this desire to show gratitude to, and appreciation of, one of 
our fellow members, whose name history will rightly record in the same distinguished 
class with those we have mentioned that we are gathered to-night . 

Twenty-nine years ago this month, there was presented before this Institute, a 
paper of unusual import. It is entitled "A New System of Alternate Current Motors 
and Transformers". The author, Nikola Tesla, was then only 31 years of age, and 
but four years a resident of this country. His early life was spent near his birth
place not far from the Eastern Adriatic Coast. His father a Greek Clergyman and his 
mother, herself of an inventive mind, secured for their young son a comprehensive 
training in mathematics, physics and philosophy. At the age of 22 he had completed 
his studies in engineering at the Polytechnic School in Gratz and also a course in 
the University of Prague; and in 1881 began his practical work at Budapest. In 
1883 he was located i n Strasbaurg, engaged in completing the lighting of a newly 
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erected railway station. Shortly after finishing this task he came to the United 
States. Mr. Tesla's first work in this country was upon new designs of direct cur
rent arc and incandescent lighting systems for the Edison Company. 

Throughout all these years his desire had been to find an opportunity to demon
strate the truth of a conviction which became fixed in his mind while studying di
rect current motors in school at Gratz in 1878; the conviction was that it should 
be possible to create a rotating magnetic field without the use of commutators. 
While at Strasbourg, Tesla had succeeded in producing the rotation of a pivoted 
iron disc placed in a coil traversed by alternating currents, a steel bar being 
projected into the coil in the neighborhood of the di~c. His conception of the 
reason for this rotation at that time was that a lag occurred in the subsidence of 
the magnetism of both the disc and the steel bar between successive current waves, 
and that the mutual r,epulsions caused the disc to revolve. By some fortunate proc
ess of reasoning he conceived while in Budapest {in 1882) that by using two or more 
out-of-phase alternating currents respectively passing through geometrically dis
placed coils it would be possible to develop his long sought progressively shift
ing magnetic field. 

Lack of funds and facilities for working out his theory compelled still further 
postponement, but in 1885 Tesla . had the good fortune to interest men of means in a 
direct current arc light which he had devised, and subsequently a laboratory was 
equipped for him in Liberty Street, New York, and here at last he found opportunity 
to demonstrate the correctness of his long cherished theory. In 1887 he was able 
to exhibit to his business associates and to Professor William A. Anthony, whose 
expert opinion they sought, motors having such progressively shifting fields with
out the .use of commutators, as he had foreseen nine years before. 

Having thus demonstrated the correctness of his theory and the feasibility of 
its application, it remained for Tesla to work out various practical methods of ap
plying the principle, and the rapidity and wonderful way in which he surrounded the 
entire field of constant speed, synchronous, induction and split-phase motors is 
beautifully set forth in his paper of May 18th, and in the numerous patents issued 
May 1st, 1888, and succeeding years, covering the forms of electric motors which 
have since become the almost universal means for transforming the energy of alter
nating currents into mechanical energy. 

It is somewhat difficult to eliminate from our minds the developments of the past 
thirty years which have now become every day features of the electrical industry, 
and to realize the meagreness of the then existing knowledge of alternating current 
phenomena. The commercial use of alternating current systems of distributions was 
then scarcely two years old. The Gaulard & Gibbs system of series transformers had 
been used abroad in a limited way for a slightly longer period but the multiple arc 
system based upon the so-called "Stanley Rule" which initiated the great development 
of the present system, was not put in practical operation in the pioneer Great Bar
rington plant until March 1886. It was then recognized that while the alternating 
current possessed wonderful possibilities for electrical distribution for lighting 
purposes, two almost necessary devices were lacking to render it a complete success, 
one a meter, the other a power motor. Professor Elihu Thomson promptly devised a 
successful form of meter , the motive portion of which comprised a laminated field 
and armature, the coils of the latter being periodically close-circuited during rev
olution by a commutator. To fill the demand for a power motor, however, the most 
promising device then suggested was a series commutator motor with laminated field 
and armature cores, but no satisfactory results had been obtained. Such was the 
situation when Tesla•s achievement was announced in the Institute paper to which 
reference has been made. 

His Honor Judge Townsend of the United States Circuit Court, in an opinion 
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rendered in August, 1900. as the outgrowth of some patent litigation on the Tesla 
inventions, concisely defines the underlying characteristic of the Tesla motor as 
follows: 

"Tesla's invention, considered in it essence, was the production of a 
continuously rotating or whirling field of magnetic forces for power 
purposes by generating two or more displaced or differi ng phases of 
the alternating current, transmitting such phases, with their indepen
dence preserved, to the motor, and utilizing the displaced phases as 
such in the motor." 

Among the first to recognize the immense importance of Mr. Tesla's motors were 
Mr. Westinghouse and his advisors, Mr. T. B. Kerr, Mr. Byllesby, Mr. Shallenberger 
and Mr. Schmid, and in June Mr. Westinghouse secured an option which shortly result
ed in the purchase of the patents, thus bringing under one ownership the alternating 
current transformer system of distribution, and the Tesla motor. It is interesting 
to here note that Mr. Shallenberger had about two weeks before the publication of 
the Tesla patents independently devised an alternating current meter, the principle 
of operation of which was that of the Tesla motor, and whatever might have been Mr. 
Shallenberger's natural disappointment upon finding himself thus anticipated, he at 
once recognized that to Mr . Tesla belonged the honor of being the first to solve 
the great fundamental problem of an alternating current motor. A warm friendship 
between these two men began at once and continued throughout Mr. Shallenberger's 
life, and Mr. Tesla rejoiced to accord to Mr. Shallenberger full credit for the lat
ter's brilliant work in producing what is now the standard meter for alternating 
currents. 

As illustr·ating the generous gentleness of Tesla's character, I wish to here 
quote from testimony given by him in 1903. Referring to Shallenberger, Tesla said: 

"I clearly remember that in the first days when I came to Pittsburgh 
he took me to lunch at the Duquesne Hotel, and when I told him that 
I was sorry that I had anticipated him, I saw tears in his eyes. That 
incident I remember vividly; but what has preceded it I cannot remember 
now. Perhaps it is because this impression was so vivid that it has 
destroyed the preceding ones, which were weaker." 

It is characteristic of Tesla that he should so deeply regret the disappointments 
of another. 

Owing in a measure t o the circumstance that the then prevailing rate of alter
nation of the alternating current system was 16,000, the commercial introduction of 
Tesla motors was somewhat retarded during the first few years, that rate being found 
less adapted to the motor work than a lower rate . Today, however, wherever alter
nating current systems are used Tesla motors abound. Without such motors the alter
nating current system would have remained seriously restricted in its use. 

Before passing to a consideration of other of Tesla's activities, it will be ap
propriate to refer again to the opinion of Judge Townsend, from which I quote the 
following: 

"The Tesla discovery for which these patents were granted revolutionized 
the art of electrical power transmission, as well demonstrated in the 
record from both judicial and scientific standpoints . 11 

In the closing passage of the opinion, Judge Townsend pays further tribute to 
Tesla in the following words: 

"It remained to the genius of Tesla to capture the unruly, unrestrained, 
and hitherto opposing elements in the field of nature and art and to 
harness them to draw the machines of man. It was he who first showed 
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how to transform the toy of Arago into an engine of power, the 11Laboratory 
experiment" of Baily into a practically successful motor, the indicator 
into a driver . He first conceived the idea that the very impediments of 
reversal in direction, the contradictions of alternations, might be trans
formed into power-producing rotation, a whirling field of force 4 
What others looked upon as only invincible barriers, impassable currents, 
and contradictory forces, he brought under control and by harmonizing 
their directions taught how to utilize in practical motors in distant 
cities the power of Niagara." 

Imagination developed to a high degree is a marked characteristic of all great 
inventors, so it is of our great poets, artists, philosophers, generals, and, in 
fact, of all great originators of thought and motion. The power to picture in the 
mind things not yet existent is an underlying characteristic of most great men. 
But imagination to be effective must be combined with a just sense of proportion, a 
logical appreciation of limitations, and a capacity for unremitting application. 
Mr. Tesla combines these qualities in a marked degree, and particularly does he 
possess the faculty of projecting his thought far into unexplored regions, not only 
of science but of philosophy. His passion for searching out the ultimate is charm
ingly evidenced by the following extract from his lecture before this Institute at 
Columbia College, May 20th, 1891; 

"In how far we can understand the world around us is the ultimate thought 
of every student of nature. The coarseness of our senses prevents us 
from recognizing the ulterior construction of matter, and astronomy, this 
grandest and most positive of natural sciences, can only teach us some
thing that happens, as it were, in our immediate neighborhood; of the re
moter portions of the boundless universe, with its numberless stars and 
suns, we know nothing. But far beyond the limit of percept1on of our 
senses the spirit still can guide us, and so we may hope that even these 
unknown worlds - infinitely small and great - may in a measure become 
known to us. Still, even if this knowledge should reach us, the search
ing mind will find a barrier, perhaps forever unsurpassable, to the true 
recogni tion of that which seems to be, the mere appearance of which .,.-s
the only and slender basis of all our philosophy. 
Of all the forms of nature's immeasurable, all-pervading energy, which, 
ever and ever changing and moving, like a soul animates the inert uni
verse, those of electricity and magnetism are perhaps the most fascin
ating . .. 

The impress made upon the world by the deeds of a great inventor cannot be meas
ured by the number of patents which he has received nor by the monetary reward se
cured nor by the mere exploitation of his name . Often his greatest gifts are in 
the form of inspiring contributions to the literature, filled with suggestions of 
lines of thought which lead others to work in untr ied fields. This is especially 
true of a series of lectures delivered by Mr . Tesla upon the subject of high fre
quency, high potential currents. The first of the series was given at Columbia 
College in 1891, before this Institute. During 1892 and 1893 thjs lecture with 
additional data and experiments was repeated in London, Paris, Philadelphia and St. 
Louis. 

Referring to an interesting interview with Mr. Tesla appearing in a New York 
daily in 1893 regarding the St. Louis l ecture the Editor of the Electrical World 
says: 

"t-k. Tesla, in his own graceful way, tells the story of his life and the 
history of some of his more important inventions. Perhaps there is no 
living scientist in whose life and work the general public takes a deeper 



174 

interest, especially in this country.~~ 
Tesla's fundamental purpose was to publish the results of an extended research 

and of a series of experiments patiently conducted at his laboratory and elsewhere 
thr,ough many years. During these 1 ectures he ex hi bi ted to the audience numerous 
experiments displaying striking and instructive phenomena. He also described many 
novel pieces of apparatus such, for instance, as his high-frequency generator and 
induction coils and his magnetically quenched arc. Mr. Erskine Murray in his treat
ise upon Wireless Telegraphy, referring to certain of these early inventions of 
Tesla says: 

11Among many other inventions, made as early as 1893, perhaps the most 
important to wireless telegraphists is his method of producing long 
trains of waves of high frequency, and of transforming them to higher 
voltage. After several unsuccessful attempts he completed an alternator 
which could be run at 30,000 periods per second, and designed a form of 
transformer capable of transforming these currents to very high voltage. 
He also showed that his transformer, or 11Tesla coil 11 as it is usually 
called nowadays, could transform currents of much higher frequencies 
than were obtainable from his alternator, even currents of 100,000 or 
1,000,000 periods per second, such as are produced by the oscillatory 
discharge of a Le.yden jar ... 

The London lecture was given under the auspices of the British Institution of 
Electrical Engineers and because of the intense public interest manifested after its 
announcement the ample capacity of the Theatre of the Royal Institution was required 
to accommodate the audience. 

At the completion of the lecture Prof. Aytron spoke as follows: 
11 It is my most pleasing duty to propose a very hearty vote of thanks to 
our lecturer, who has entertained us, it is true, for two hours, but we 
would willingly wait for another hour's similar entertainment ... 

Mr. Fleming in his authoritative book on wireless telegraphy and telephony pays 
the following tribute: 

11 In 1892 Nikola Tesla captured the attention of the whole scientific 
world by his fascinating experiments on high frequency electric cur
rents. He stimulated the scientific imagination of others us well as 
displayed his own, and created a widespread interest in his brilliant 
demonstrations. 
Amongst those who witnessed these things no one was more able to appre
ciate their inner meaning than Sir Willi am Crookes. 11 

An article by E. Raverot appearing in the Electr ical World of March 26, 1892, 
closes a review of the Tesla Paris lecture with the following appreciative comment: 

110ne sees from this lecture the deep interest which the works and dis
coveries of Mr. Tesla have inspired among physicists since the first 
appearance of his publication, and it is with great satisfaction that 
we are able to express the feeling of admiration which his experiments 
have inspired in us ... 

In his London lecture delivered in February, 1892, Tesla had occasion to describe 
a special construction of insulated cable designed to guard against electro-static 
disturbances, but immediately added the following significant prediction: 

11 But such cables will not be constructed, for ere long intelligence -
transmitted without wires - will throb through the earth like a pulse 
through a living organism. The wonder is that, with the present state 
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of knowledge and experiences gained, no attempt is being made to disturb 
the electrostatic or magnetic condition of the earth and transmit, if 
nothing else , intelligence." 

This was Tesla's prophecy twenty-five years ago. 

In his lecture before the National Electric Light Association at St. Louis in 
March, '1893, Mr . Tesla elaborated certain views regarding the importance of reson
ance effects in this field and stated: 

"I waul d say a few words on a subject which constantly fi 11 s my thoughts 
and which concerns the welfare of all. I mean ·the transmission of in
telligible signals or perhaps even power to any distance without the use 
of wires ... 

He then announced that his conviction had grown so strong that he no longer 
looked upon the plan of transmitting intelligence as a mere theoretical possibility, 
and referring to the existing belief of some that telephony to any distance might be 
acc,omplished "by induction through the air 11

, concisely set forth his theory as fol
lows: 

"I cannot stretch my imagination so far, but I do firmly believe that it 
is practical to disturb by means of powerful machines the electro-static 
condition of the earth and thus transmit intelligible signals and per
haps power . " 

Enlarging upon this theory, he states that, although we have no possible evidence 
of a charged body existing in space without other oppositely electrified bodies be
ing near, there is a fair probability that the earth is such a body, for by whatever 
process it was separated from other bodies it must have retained a charge and that 
the upper strata of the air may be conducting and contain this opposite charge. He 
further expanded the theory that with proper means for producing electrical oscilla
tions it might be possible to produce electrical disturbances sufficiently powerful 
to be perceptible by suitable instruments at any point on the Earth's surface. He 
thus forecast the theory at present accepted by leading scientists as the true basis 
of wireless telegraphy. 

Continuing the same line of thought Mr. Tesla in an interview which appeared in 
the New York Herald i n 1893 said: 

"One result of my investigations, the possibility of which has been 
proven by experiment, is the transmission of energy through the air. 
I advanced that idea some time ago, and I am happy to say it is now 
receiving some attention from scientific men. 
The plan I have suggested is to disturb by powerful machinery the elec
tricity of the earth, thus setting it in vibration. Proper appliances 
will be constructed to take up the energy transmitted by these vibra
tions, transforming them into suitable form of power to be made avail
able for the practical wants of life . .. 

Testifying in a patent suit r egarding these early predictions Mr . John Stone 
Stone, the well-known authority on wireless telegraphy has but recently made the 
following striking comment: 

11 1 misunderstood Tesla . I think we all misunderstood Tesla . We thought 
he was a dreamer and visionary . He did dream and his dreams came true, 
he did have visions but they were of a real future, not an imaginary one. 
Tesla was the first man to lift his eyes high enough to see that the 
rarified stratum of atmosphere above our earth was destined to play an 
important role in the radio telegraphy of the future, a fact which had 
to obtrude itself on the attention of most of us before we saw it. But 
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Tesla also perceived what many of us did not in those days, namely, the 
currents which flowed away from the base of the antenna over the surface 
of the earth and in the earth itself. 11 

Seldom is it that an art springs into being through the efforts of one man alone, 
but rather as a growth to which many have contributed. This is peculiarly true of 
the wireles~ art, and without detracting in the slightest from the honor which is 
justly due to those who have brought the system to its present wonderful efficiency, 
it is just to accord to Tesla highest praise not alone for his exposition of prin
ciples as set forth in his lectures but also for the more definitive work which fol
lowed, much of which is evidenced by his many patents dealing with the wfreless art. 

Before leaving this branch of Tesla's work, I wish to quote again from the testi
mony of Mr. Stone, presenting his view of the indebtedness of the wireless art to 
Tesla: 

11 Some of those whose work or whose writings during that ·ea-r]y peri;dd 
must be noted are Nikola Tesla, Prof. Elihu Thomson, Prof. M. I. Pupin, 
Prof. Lodge, Prof. Northrup, Prof. Pierce, Hutin & Leblanc, Mr. Marconi 
and myself. Among all these, the name of Nikola Tesla stands out most 
prominently. Tesla, with his almost preternatural insight into alter
nating current phenomena that had enabled him some years before to 
revolutionize the art of electric power transmission through the in~ 
vention of the rotary field motor, knew how to make resonance serve, 
not merely the role of microscope to make visible the electric oscil
lations, as Hertz had done, but he made it serve the role of a stereop
ticon to render spectacular to large audiences the phenomena of elec
tric oscillations and high frequency currents.*****He did more to excite 
interest and create an intelligent understanding of these phenomena in 
the years 1891-92-93 than any one else, and the more we learn about high 
frequency phenomena, resonance and radiation today, the nearer we find 
ourselves approaching what we at one time were inclined, through a 
species of intellectual myopia, to regard as the fascinating but fan
tastical speculations of a man who we are now compelled, in the light of 
modern experience and knowledge, to admit was a prophet. He saw to the 
fulfillment of his prophesies and i t has been difficult to make any but 
unimportant improvements in the art of radio-telegraph without travel
ing part of the way at least, along a trail blazed by this pioneer who, 
though eminently ingenious, practical and successful in the apparatus 
he devised and constructed, was so far ahead of his time that the best 
of us then mistook him for a dreamer. 11 

Another well recognized wireless authority, Professor Slaby in a personal letter 
to Tesla took occasion to say: 

.. I am devoting myself since some time to investigations in wireless 
telegraph, which you have first founded in such a clear and precise 
manner. It will interest you, as father of this telegraph, to know, 
etc. 11 

Throughout Tesla's work with high potential currents he had persistently in mind 
the wireless transmission of power in large quantities. It was in the furtherance 
of this line of investigation that he expended large amounts of money and years of 
labor at Wardenclyffe, Long Island, and at Telluride, Colorado. Late in 1914 he 
secured a patent upon an application filed twelve years before upon an apparatus 
for transmitting electric energy with which he hopes to be able to transmit unlim
ited pow~r with high economy to any distance without wires. While as yet these 
efforts have not resulted in commercial exploitation, the future may prove that 
his dream of thus transmitting energy in substantial amounts is of that class which 
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in time come true, as in the case of his dream of wireless telegraphy. 
Another use to which Tesla adapted the results of his high frequency investiga

tions was the control of the movements of torpedoes and boats. In 1898 he patented 
such an apparatus and also built and successfully operated such a craft. The move
ments of the propelling engine, the steering and other mechanisms were controlled 
wirelessly from the shore or other poi~t through a distance of two miles. Apparent
ly this, like some of his other inventions, was ahead of its time. Tesla, however, 
evidenced his entire faith in the future of the apparatus in an interview which 
appeared in 1898 from which I quote: 

"But I have no desire that my fame should rest on the invention of a 
merely destructive device, no matter how terrible. I prefer to be 
remembered as the inventor who succeeded in abolishing war . That will 
be my highest pride. But there are many peaceful uses to which my 
invention can be put, conspicuously that of rescuing the shipwrecked. 
It will be perfectly feasible to equip our lifesaving stations with 
life car s, or boats, directed and controlled from the shores, which 
will approach stranded vessels and bring off the passengers and crews 
without risking the lives of the brave fellows who are now forced to 
fight their way to the rescue through the raging surf. It may also 
be used for the propulsion of pilot boats, for carrying letters or 
provisi ons or instruments to inaccessible regions******." 

On March 12th, 1895, Mr. Tesla met with a disastrous loss by the destruction of 
his laboratory at 33 and 35 South 5th Avenue, New York. In the Electrical Review 
of March 20th, 1895, there is published an interview with Mr. Tesla regarding this 
fi re. In it he says: 

"I am congratulating myself all the time it is no worse. I begin all 
over again, but I have the knowledge and experience of what has gone 
before, and fortunately I was able to show with completed apparatus 
that my ideas and theories are correct. Had the fire occurred a few 
months ago I should have been robbed of the opportunity of many highly 
success f ul demonstrations." 

In his laboratory were stored a vast quantity of old models and trial apparatus 
with which he would have been unwilling to part for any amount of money . He further 
states that he was at the time engaged upon four main lines of work and investiga
tion: his oscillator, and improved method of electric lighting, the transmission 
of intelligence without wires, and, an investigation relating to the nature of 
electricity. Mr. Tesla deeply appreciated the expressions of sympathy received 
from his many friends and with unabated zeal applied himself to a continuation of 
the work thus unfortunately interrupted. 

Another f i eld of investigation in which Mr. Tesla has contributed valuable mate
rial is related to the Roentgen Ray. In the Electrical Review of March and April, 
1896, there appeared a number of communications from Mr. Tesla which while giving 
full credit to Roentgen for his magnificent discovery made public much additional 
data derived from his own careful experiments in this line of research. From an 
editorial in the Electrical Review of March 18th, 1896, the following is quoted : 

"The announcement of Nikola Tesla•s achievements in the new art first 
published in the Electrical Review of March 11th, in the author•s own 
modest language has added fresh impetus to the work in this direction. 
His disruptive discharge coil has been universally used where the best 
results in radiography have been obtained, and his two marked improve
ments, namely, the single electrode tube and his method of rarefaction, 
promise great results. Other important points about Tesla•s work are 
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the fine details he has obtained in his radiographs, the great distance 
at which the radiographs have been made, and brief time of exposure. 11 

and again: 
11Mr. Tesla is pursuing quietly his work and giving all credit to Roent
gen; and it is significant, we think, .that the first radiograph he 
produced in his laboratory was the name of the discoverer. We wish 
that such courtesies among scientists would always be practiced ... 

Mr. J. Mount Bleyer commenting upon these investigations said: 
"The results obtained by Tesla are simply marvelous, but are just what 
I expected. 11 

Among the many other inventions to which Mr. Tesla has devoted much time and 
energy may be mentioned a thermo-magnetic motor and a pyre-magnetic generator, anti
sparking dynamo brush and commutator, auxiliary brush regulation of direct current 
dynamos, uni-polar dynamos, mechanical and electrical oscillators, electro-thera
peutic apparatus, the oxidation of nitrogen by high frequency currents, and an elec
trolytic registering meter. The last named device was based upon an exceedingly 
interesting theory. The current to be measured was passed through two parallel 
conductors arranged in series. The ~urrent established a difference of potential 
between these conductors proportional to the strength of the current passing. This 
results in a transference of the metal from one conductor to the other, thereby de
creasing the resistance of one and increasing that of the other. From such varia
tions in resistance of one or both, the current energy expended is computed. 

One other. line of endeavor entirely outside of electricity to which Tesla has 
given much attention is the development of a bladeless steam turbine in which the 
friction of the passing steam as distinguished from its direct impact is availed 
of. The steam is admitted between plain parallel rotating discs and passing spi
rally from the circumference toward the axial center imparts energy to the discs. 
Such a turbine can be run at exceedingly high temperatures, is readily reversible 
and having no blades is extremely simple and free from liability to accidental de
rangement. With great ingenuity Tesla has succeeded in producing such machines of 
considerable power and having exceedingly interesting characteristics. It is to be 
hoped that with his indefatigable zeal Tesla will soon succeed in perfecting the 
commercial application of this invention. 

It is not possible in this brief survey even to touch upon many of the lines of 
Mr. Tesla's activities, but we must content ourselves with this inadequate presen
tation of typical evidences of the fascinating genius of this man whom we delight 
to welcome as a citizen of our country - the country which he twenty-five years ago 
adopted as his own - the country of which he once said: 

11When I arrived upon your hospitable shores I eagerly applied myself 
to work and to learn, and I have persevered in that course. If I have 
made any special success in this country, I attribute it largely to a 
feature which is characteristic of both the English and American races; 
that is, their keen and generous appreciation of any work that they 
think is good. 11 

Mr. Tesla, we would indeed be woefully lacking in the attr ibutes which you so 
kindly ascribe to us were we not most cordially appreciative of your work, work 
which we know is good . 

THE PRESIDENT: Gentlemen, we are fortunate in having with us to-night another 
man who has been familiar with Mr. Tesla's work for many years and can tell as~ snme
thing further about his work. I introduce Mr. B. A. Behrend. 
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B. A. BEHREND: Mr. Chairman: Mr. President of the American Institute of Electri
ca1 Engineers: Fe1low Members: Ladies and Gentlemen: 

BY AN EXTRAORDINARY COINCIDENCE, it is exactly twenty-nine years ago, to the very 
day and hour, that there stood before this Institute Mr. Nikola Tesla, and he read 
the following sentences: 

"To obtain a rotary effort in these motors was the subject of long 
thought. In order to secure this result it was necessary to make such 
a disposition that while the poles of one element of the motor are 
shifted by the alternate currents of the sour ce, the poles produced 
upon the other elements should always be maintained in the proper re
lation to the former, irrespective of the speed of the motor. Such a 
condition exists in a continuous current motor; but in a synchronous 
motor, such as described, the condition is fulfilled only when the 
speed is normal. 
"The object has been attained by placing within the ring properly 
subdivided cylindrical iron core wound with several independent coils 
closed upon themselves. Two coils at right angles are sufficient, 
but a greater number may be advantageously employed. It results from 
this disposition that when the poles of the ring are shifted, cur
rents are generated in the closed armature coils . These currents are 
the most intense at or near the points of the greatest density of the 
lines of force , and their effect is to produce poles upon the arm
ature at right angles to those of the ring , at least theoretically 
so; and since this action is entirely independent of t he speed - that 
is, as far as the location of the poles is concerned - a continuous 
pull is exerted upon the periphery of the armature. In many respects 
these motors are similar to the continuous current motors. If load 
is put on, the speed, and also the resistance of the motor, is dimin
ished and more current is made to pass through the energizing coils, 
thus increasing the effort. Upon the load being taken off, the 
counter-electromotive force increases and less current passes through 
the primary or energizing coils. Without any load the speed is very 
nearly equal to that of the shifting poles of the field magnet. 
"It will be found that the rotary effort in these motors fully equals 
that of the continuous current motors. The effort seems to be great
est when both armature and field magnets are without any projections." 

Not since t~e appearance of Faraday's Experimental Researches in Electricity has 
a great experimental truth been voiced so simply and so clearly as this descript~on 
of Mr. Tesla's great discovery of the generation and utilization of polyphase alter
nating currents. He left nothing to be done for those who followed him. His paper 
contained the skeleton even of the mathematical theory. 

Three years later, in 1891, there was given the first great demonstration, by 
Swiss engineers, of the transmission of power at 30,000 volts from Aauffen to Frank
fort by means of Mr. Tesla's system. A few years later this was followed by the 
development of the Cataract Construction Company, under the presidency of our mem
ber, Mr. Edward D. Adams, and with the aid of the engineers of the Westinghouse 
Company. It is interesting to recall here to-night that in Lord Kelvin's report 
to Mr. Adams, Lord Kelvin recommended the use of direct current for the development 
of power at Niagara Falls and for the transmission to Buffalo. 

The due appreciation or even enumeration of the results of Mr. Tesla's invention 
is neither practicable nor desirable at this moment. There is a time for all things. 
Suf fice it to say that, were we to seize and to eliminate· from our industrial world 
the results of Mr. Tesla's work, the wheels of industry would cease to turn, our 
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electric cars and trains would stop, our towns would be dark, our mills would be 
dead and idle. Yea, so far reaching is this work, that it has become the warp and 
woof of industry. 

The basis for the theory of the operating characteristics of Mr. Tesla•s rotat
ing field induction motor, so necessary to its practical development, was laid by 
the brilliant French savant, Prof. Andre Blondel, and by Prof. Kapp of Birmingham. 
It fell to my lot to complete their work and to coordinate, - by means of the simple 
11circle diagram, .. - the somewhat mysterious and complex experimental phenomena . As 
this was done twenty-one years ago, it is particularly pleasing to me, upon the com
ing of age of this now universally accepted theory, - tried out by application to 
several million horse power of machines operating in our great industries, - to pay 
my tribute to the inventor of the motor and the system which have made possible the 
electric transmission of energy. HIS name marks an epoch in the advance of elec
trical science. From THAT work has sprung a revolution in the electrical art. 

We asked Mr . Tesla to accept this medal. We did not do this for the mere sake of 
conferring a distinction, or of perpetuating a name; for so long as men occupy them
selves with our industry, his work will be incorporated in the common thought of our 
art, and the name of Tesla runs no more risk of oblivion than does that of Faraday, 
or that of Edison. 

Nor indeed does this Institute gi~e this medal as evidence that Mr. Tesla•s work 
has received its official sanction. His work stands in no need of such sanction. 

No, Mr. Tesla, we beg you to cherish this medal as a symbol of our gratitude for 
the new creative thought, the powerful impetus, akin to revolution, which you have 
given to our art and to our science. You have lived to see the work of your genius 
established. · What shall a man desire more than this? There rings out to us a para
phrase of Pope•s lines on Newton: 

Nature and Nature•s laws lay hid in night 
God said, •Let Tesla be,• and all was light. 

THE PRESIDENT: It is easy, I think, for engineers and scientists to take for 
granted things that have been done in years past. When we sit under an apple tree 
and see the apples fall, it is an obvious phenomenon of nature . We can understand 
the laws of gravitation, but to Sir Isaac Newton, many years ago, this phenomenon, 
which to us to-day is so simple, helped him to an act of creative imagination of 
the most extraordinary kind. 

So, later on, the phenomenon of electromagnetic induction, which to us to-day 
has become a matter of second nature, to Faraday was an act of the most extraordin
ary creative imagination. 

Thirty years ago when Mr. Tesla was doing his very great work, we sometimes for
get the conditions of electrical engineering which prevailed at that time . Direct
current or continuous current was universally used, and the conceptions of electri
cal engineers with respect to electric currents wer e all unidirectional, so to speak. 
We had not arrived at that conception of currents which went first in one direction 
and then in another, to say nothing of electrical currents which differed by phase 
relations, and the work of Nikola Tesla at that time in his great conception of 
the rotary field seems to me one of the greatest feats of imagination which has 
ever been attained by human mind. To-day we take the rotary field motor, the ro
tary field transmission, as a matter of course, because we have become used to it, 
and we forget what it required of the human intellect to create it thirty or thirty
five years ago. 

At the time the great Niagara Falls enterprise was instituted, we were under the 
direct-current regime. As Mr. Behrend says, such a great authority on electrical 
engineering as Lord Kelvin, and also Mr. Edison, recommended direct-current for 
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transmission of energy from Niagara Falls to Buffalo, and as a system for universal 
use in their great waterpower development. I think we all realize to-day where we 
should be at the present time if direct-current had been used in the development of 
that enterprise. There would have been a radiating copper mine running out from 
Niagara Falls which would have wrecked the enterprise in the first year of its exis
tence. Mr. Tesla came along with his great mind and at the psychological moment 
devised the principle which made that enterprise a success , and made hundreds of 
other enterprises all over the world an equal success. We owe him the greatest pos
sible debt of gratitude for what he has done for electrical engineers. 

And so again, in another field of endeavor in which he was most conspicuous, that 
of high voltage and hi gh frequency alternating-current, he devised and discovered 
phenomena which were entirely new to electrical engineers, and he introduced to the 
world the conception of alternating-current as being elastic or oscillating media. 
The direct-current engineers at the time never thought of the electric current be
ing something that could oscillate, and Mr. Tesla showed it could, and he also 
showed many of the phenomena which resulted from oscillating currents. From his 
work followed the great work of Roentgen, who discovered the Roentgen rays, and all 
that work which has been carried on throughout the world in the following years by 
J. J. Thompson and others, which has really led to the conception of modern physics. 
His work, as has been stated, antedated that of Marconi and formed the basis of 
wireless telegraphy, which is one of the most scientific applications of the present 
day, and so on throughout all branches of science and engineering we find from time 
to time some important evidence of what Tesla has contributed to the sciences and 
engineering of the present day. So, Mr. Tesla, you hear to-night the many compli
ments which have been paid to you, but they are not bouquets merely cast for the 
adornment of the occasion - they have been given with the sincere appreciation of 
the electrical profession, and we give this medal to you in recognition of this, 
with full appreciation of what you have done for us, and with great hope that you 
may continue to contribute to our profession in the future. (Great applause) 

NIKOLA TESLA: Mr. President, Ladies and Gentlemen. - I wish to thank you heart
ily for your kind sympathy and appreciation. I am not deceiving myself in the fact, 
of which you must be aware, that the speakers have greatly magnified my modest 
achievements . One should in such a situation be neither diffident nor self-assert
ive, and in that sense I will concede that some measure of credit may be due to me 
for the first steps in cer tain new directions; but the ideas I advanced have tri
umphed, the forces and elements have been conquered, and greatness achieved, through 
the co-operation of many able men some of whom, I am glad to say, are present this 
evening. Inventors, engineers, des igners, manufacturers and financiers have done 
their share until, as Mr. Behrend said, a gigantic revolution has been wrought in 
the transmission and transformation of energy. While we are elated over the results 
achieved we are pressing on, inspired with the hope and conviction t hat this is just 
a beginning, a forerunner of further and still greater accomplishments. 

On this occasion, you might want me to say something of a personal and more in
timate character beari ng on my work. One of the speakers suggested: 11Tell us 
something about yourself, about· your early struggles. 11 If I am not mistaken in 
this surmise I wi11, with your approval, dwell briefly on this rather delicate sub
ject. 

Some of you who have been impressed by what has been said, and would be disposed 
to accord me more than I have deserved, might be mystified and wonder how so much 
as Mr. Terry has outl i ned could have been done by a man as manifestly young as my
self. Permit me to explain this. I do not speak often i n public, and wish to 
address just a few remarks directly to the members of my profession, so that there 
will be no mistake in the future. In the first place, I come from a very wiry and 
long-lived race . Some of my ancestors have been centenarians, and one of them lived 
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one hundred and twenty-nine years. I am determined to keep up the record and 
please myself with prospects of great promise. Then again~ nature has given me a 
vivid imagination which, through incessant exercise and training, study of scien
tific subjects and verification of theories through experiment, has become very 
accurate and precise, so that I have been able to dispense, to a large extent, 
with the slow, labori ous, wasteful and expensive process of practical development 
of the ideas I conceive. It has made it possible for me to explore extended 
fields with great rapidity and get results with the least expenditure of vita'l 
energy. By this means I have it in my power to picture the objects of my desires 
in forms real and tangible and so rid myself of that morbid craving for perishable 
possessions to which so many succumb. I may say, also, that I am deeply religious 
at heart, although not in the orthodox meaning, and that I give myself to the con
stant enjoyment of believing that the greatest mysteries of our being are still to 
be fathomed and that~ all the evidence of the senses and the teachings of exact 
and dry sciences to the contrary notwithstanding, death itself may not be the ter
mination of the wonderful metamorphosis we witness. In this way I have managed to 
maintain an undisturbed peace of mind, to make myself proof against adversity, and 
to achieve contentment and happiness to a point of extracting some satisfaction 
even from the darker side of life, the trials and tribulations of existence. I 
have fame and untold wealth, more than this, and yet - how many articles have been 
written in which I was declared to be an impractical unsuccessful man, and how 
many poor, struggling writers, have called me a visionary. Such is the folly and 
shortsightedness of the world! 

Now that I have explained why I have preferred my work to the attainment of 
worldly rewards, I will touch upon a subject which will lend me to say something 
of greater ·importance and enable me to explain how I invent and develop ideas. 
But first I must say a few words regarding my life which was most extraordinary 
and wonderful in its varied impressions and incidents. In the first place, it was 
charmed. You have heard that one of the provisions of the Edison Medal was that 
the recipient should be alive . Of course the men who have received this medal 
have fully deserved it, in that respect, because they were alive when it was con
ferred upon them, but none has deserved it in anything like the measure I do, when 
it comes to that feature. In my youth my ignorance and lightheartedness brought 
me into innumerable difficulties, dangers and scrapes, from which I ·extricated my
self as by enchantment. That occasioned my parents great concern more, perhaps, 
because I was the last male than because I was of their own flesh and blood. You 
should know that Serbians desperately cling to the preservation of the race. I 
was nearly drowned a dozen times. I was almost cremated three or four times and 
just missed being boiled alive. I was buried, abandoned and frozen. I have had 
narrow escapes from mad dogs, hogs and other wild animals. I have passed through 
dreadful diseases - have been given up by physicians three or four times in my 
life for good. I have met with all sorts of odd accidents - I cannot think of 
anything that did not happen to me, and to realize that I am here this evening, 
hale and hearty, young in mind and body, with all these fruitful years behind me, 
is little short of a miracle . 

But my life was wonderful in another respect - in my capacity of inventor. Not 
so much, perhaps, in concentrated mentality, or physical endurance and energy; for 
these are colllTion enough. If you inquire into the career of successf1ul men in the 
inventor's profession you will find, as a rule, that they are as remarkable for 
their physical as for their mental performance. I know that when I worked with 
Edison, after all of his assistants had been exhausted, he said to me: 11 1 never 
saw such a t hing, you take the cake. 11 That was a characteristic way for him to 
express what I did. We worked from half past ten in the morning until five 
o'clock the next morning. I carried this on for nine months without a single day's 
exception; everybody else gave up. Edison stuck, but he occasionally dozed off on 
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the table. What I wish to say particularly is that my early life was really extra
ordinary in certain experiences which led to everything I ever did afterwards. It 
is important that thi s should be explained to you as otherwise you would not know 
how I discovered the rotating field. From childhood I was afflicted in a singular 
way - I would see images of objects and scenes with a strong display of light and 
of much greater vividness than those I had observed before . They were always images 
of obje·cts and scenes I had actually seen, never of such as I imagined. I have asked 
students of psychology, physiology and other experts about it, but none of them 
has been able to explain the phenomena which seems to have been unique, although I 
was probably predisposed, because my brother also saw images in the same way. My 
theory is that they were simply reflex actions from the brain on the retina, super
induced by hyper-excitation of the nerves. You might think that I had hallucina
tions. That is impossible. They are produced onl y in diseased and anguished 
brains. My head was always clear as a bell, and I had no fear. Do you want me to 
tel l of my recollections bearing on this? (Turning to the gentlemen on the plat
form). This is traditional with me, for I was too young to remember anything of 
what I said. I had two old aunts, I recall, with wrinkled faces, one of them with 
two great protruding teeth which she used to bury into my cheek when she kissed me . 
One day they asked me which of the two was prettier. After looking them over I 
answered: 11Thi s one is not as ugly as the other one." That was evidence of good 
sense. Now as I told you, I had no fear. They used to ask me, "Are you afraid of 
robbers?" and I would reply "No 11

• "Of wolves?" "No". Then they would ask, "Are 
you afraid of crazy Luka?" (A f ellow who would tear through the village and nothing 
could stop him) "No, I am not afraid of Luka." "Are you afraid of the gander?·" 
"Yes, I am," I would reply and cling to my mother. That was because once they put 
me in the court yard with nothing on, and that beast ran up and grabbed me by the 
soft part of the stomach tearing off a piece of flesh. I still have the mark. 

These images I saw caused me considerable discomfort . I will give you and il
lustration: Suppo~e I had witnessed a funeral. In my country the rites are but 
intensified torture. They smother the dead body with kisses, then they bathe it, 
expose it for three days, and finally one hears the dull thuds of the earth, when 
all is over. Some of the pictures as that of the coffin, for instance, would not 
appear vividly but were somethimes so persistent that when I would stretch my hand 
out I would see it penetrate the image. As I look at it now these images were 
simply reflex actions through the optic nerve on the retina, producing on the same 
an effect identical to that of a projection through the lens, and if my view is 
correct, then it will be possible, (and certainly my experience has demonstrated 
that), to project the image of any object one conceives in thought on a screen 
and make it visible. If this could be done it would revolutinaize all human re
lations. I am convinced that it can and will be accomplished. 

In order to free myself of these tonmenting appearances, I tried to fix my mind 
on some other picture or image which I had seen, and in this way I would manage to 
get some relief; but in order to get this relief I had to let the images come one 
after the other very fast. Then I found that I soon exhausted all I had at my com
mand; my 11 reel 11 was out, as it were. I had seen l ittle of the world, only objects 
around my own home, and they took me a few times to some neighbors, that was all I 
knew. When I did so the second or third time, in order to chase the appearance 
from my vision, I found that this remedy lost all the force. Then I began to make 
excursions beyond the limits of the little world I knew, and I saw new scenes. 
These were at first very blurred and indistinct, and would flit away when I tried 
to concentrate my attention upon them, but by and by I succeeded in fixing them; 
they gained in force and distinctness and finally assumed the intensity of re~l 
things. Soon I observed that my best comfort was attained if I simply went on in 
my vision farther and farther, getting new impressions all the time, and so I 
started to travel - of course, in my mind. You know that there have been great 
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discoveries made - when Columbus found America that was one, but when I hit upon 
the idea of traveling it seemed to me that was the greatest discovery possible to 
man. Every night (and sometimes during the day), as soon as I was alone I would 
start on my travels. I would see new places, cities and countries, I would live 
there, meet people and make friendships and acquaintances, and these were just as 
dear to me as those in real life and not a bit less intense. That is the way I 
did until I reached almost manhood. When I turned my thoughts to invention, I 
found that I could visualize my conceptions with the greatest facility. I did not 
need any models, drawings or experiments, I could do it all in my mind, and I did. 
In this way I have unconsciously evolved what I consider a new method of material
izing inventive concepts and ideas, which is exactly opposite to the purely exper
imental of which undoubtedly Edison is the greatest and most successful exponent. 
The moment you construct a device to carry into practice a crude idea you will find 
yourself inevitably engrossed with the details and defects of the apparatus. As 
you go on improving and reconstructing, your force of concentration dimin1shes and 
you lose sight of the great underlying principle. You obtain results, but at the 
sacrifice of quality. My method is different, I do not rush into constructive work. 
When I get an idea, I start right away to build it up in my mind. I change the 
stucture, I make improvements, I experiment, I run the device in my mind. It is 
absolutely the same to me whether I operate my turbine in thought or test it act
ual ly in my shop. It makes no difference, the results are the same. In this way, 
you see, I can rapidly develop and perfect an invention, without touching anything. 
When I have gone so far that I have put into the device every possible improvement 
I can think of, that I can see no fault anywhere, I then construct this final prod
uct of my brain. Every time my device works as I conceive it should and my exper
iment comes out exactly as I plan it. In twenty years there has not been a single 
solitary experiment which did not turn out precisely as I thought it would. Why 
should it not? Engineering, electrical and mechanical, is positive in results. 
Almost any subject presented can be mathematically treated and the effects calcu
lated; but if it is such that results cannot be had by simple methods of mathematics 
or short cuts, there is all the experience, and al l the data on which to draw and 
from which to build; - why, then, should one carry out the crude idea? It is not 
necessary, it is a waste of energy, money and time. Now, that is just the way I 
produced the rotating field. 

If I am to give you in a few words the history of that invention, I must begin 
with my birthday, and you will see the reason why. I was born exactly at midnight, 
I have no birthday and I never celebrate it. But something else must have happened 
on that date. I have learned that my heart beat on the right side and did so for 
many years after. As I grew up it beat on both sides, and finally settled on the 
left. I remember that I was surprised, when I developed into a very strong man, 
to find my heart on the left side . Nobody understands how it happened. I had two 
or three falls and on one occasion nearly all my chest bones were crushed in. Some
thi'ng that was quite unusual must have occurred at my birth and my parents destined 
me for the clergy then and there. When I was six years old I managed to have my
self imprisoned in a little chapel at an inaccessible mountain, and visited only 
once a year. It was a place of many bloody encounters and there was a grave yard 
near by. I was locked in there while looking for some sparrows• nests, and had the 
most dreadful night I ever passed in my life, in company with the ghosts of the 
dead. American boys will not understand it, of course, for there are no ghosts in 
America - th·e people are too sensible; but my country was full of them, and every 
one from the small boy to greatest hero, who was plastered all over with medals for 
courage and bravery, had a fear of ghosts. Finally, as by a wonder, they rescued 
me, and then my parents said: "Surely he must go to the clergy, he must become a 
churchman. " Whatever happened after that, no matter what it was, simply fortified 
them in that resolution. One day, to tell you a little story, I fell from the top 
of one of the farm buildings into a large kettle of milk, which was boiling over a 
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roaring fire. Did I say boiling milk? - It was not boiling - not according to the 
thermometer - though I would have sworn it was when I fell into it, and they pul
led me out. But I only got a blister on the knee where I struck the hot kettle. 
My parents said again: 11Was not that wonderful? Did you ever hear of such a thing? 
He will surely be a bishop, a metropolitan, perhaps a patriarch ... In my eighteenth 
year I came to the cross roads. I had passed through the preliminary schools and 
had to make up my mind either to embrace the clergy or to run away. I had a pro
found respect for my parents, and so I resigned myself to take up studies for the 
clergy. Just then one thing occurred, and if it had not been for that, I would 
not have had my name connected with the occasion of .this evening. A tremendous epi
demic of cholera broke out, whith decimated the population and, of course, I got 
immediately. Later it developed into dropsy, pulmonary trouble, and all sorts of 
diseases until finally my coffin was ordered. In one of the fainting spells when 
they thought I was dying, my father came to my bedside and cheered me: "You are 
going to get well." 11Perhaps, 11 I replied, "if you will let me study engineering ... 
.. Certainly I will, .. he assured me, .. you will go to the best polytechnic school in 
Europe ... I recovered to the amazement of everybody. My father kept his word, and 
after a year of roaming through the mountains and getting myself in good physical 
shape, I went to the Polytechnic School at Gratz, Styria, one of the oldest insti
tutions. Something else occurred, however, of which I must tell you as it is vital
ly linked with this discovery. In the preparatory schools there was no liberty in 
the choice of subjects, and unless a student was proficient in all of them he could 
not pass. I found myself in this predicament every year. I could not draw. My fac
ulty for imagining things paralyzed whatever gift I might have had in this respect. 
I have made some mechanical drawings, of course; practicing so many years one must 
needs learn to make simple sketches, but if I draw for half an hour I am all ex
hausted. I never was qualified ·and passed only through my father's influence. Now, 
when I went to the polytechnic school I had free choice of subjects and proposed 
myself to show my parents what I could do. The first year at the polytechnic school 
was spent in this way - I got up at three o'clock in the morning and worked until 
eleven o'clock at night, for one whole year, with a single day's exception. Well, 
you know when a man with a reasonably healthy brain works that way he must accom
plish something. Naturally, I did . I graduated nine times that year and some of 
the professors were not satisfied with giving me the highest distinction, because 
they said, that did not express their idea of what I did, and here is where I come 
to the rotating field. In addition to the regular graduating papers they gave me 
some certificates which I brought to my father believing that I had achieved a great 
triumph. He took the certificates and threw them into the waste basket, remarking 
contemptuously: 11 I f<now how these testimonials are obtained... That almost killed 
my ambition; but later, after my father had died, I was mortified to find a package 
of letters, from which I could see that there had been considerable correspondence 
going on between him and the professors who had written to the effect that unless 
he took me away from school I would kill myself with work. Then I understood why 
he had slighted my success, which I was told was greater than any previous one at 
that institution; in fact the best students had only graduated twice. My record in 

·the first year had the result that the professors became very much interested in 
and attached to me, particularly three of them; Prof. Regner who was teaching arith
metical subjects and geometry; Prof. Alle, one of the most brilliant and wonde,rful 
lecturers I have ever seen, who specialized in differential equations, about which 
he wrote quite a number of works in German, and Prof. Poeschl, who was my instruc
tor in physics. These three men were simply in love with me and used to give me 
problems to solve. Prof. Poeschl was a curious man . I never saw such feet in my 
life. They were about that size. (Indicating) His hands were like paws, but when 
he performed experiments th·ey were so con vi nci ng and the who 1 e went off so beau
tifully that one never realized how they were done. It was all in the method . He 
did all with the precision of a clock work, and everything succeeded. 
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It was in the second year of my studies that we received a Gramme machine from 
Paris, having a horse-shoe form of laminated magnet, and a wound armature with a 
commutator. We connected it up and showed various effects of currents. During the 
time Prof . Poeschl was making demonstrations running the machine as a. motor we had 
some trouble with the brushes. They sparked very badly, and I observed : 11Why 
should not we operate without the brushes? 11 Prof. Poeschl declared that it could 
not be done,. and in view of my success in the past year he did me .the honor of de
livering a lecture touching on the subject. He remarked: 11Mr. Tesla. may accomplish 
great things, but he certainly never will do this ... and he reasoned that it would be 
equivalent to converting a steadily pulling force, like that of gravity, into a ro
tary effort, a sort of perpetual motion scheme, an impossible idea. But you know 
that instinct is something which transcends knowledge. We have, undoubtedly, cer
tain finer fibers that enable us to perceive truths when logical deduction, or any 
other willful effort of the brain, is futile. We cannot reach beyond certain lim
its in our reasoning, but with instinct we can go to very great lengths. I was 
convinced that I was right and that it was possible. It was not a perpetual motion 
idea, it could be done, and I started to work at once. 

I will not tire you with an extended account of this undertaking, but will only 
say that I began in the summer of 1877 and I proceeded as follows: I would picture 
first of all, a direct-current machine, run it and see how the currents changed in 
the armature . Then I would imagine an alternator and do the same thing. Next I 
would visualize systems comprising motors and generators, and so on. Whatever ap
paratus I imagined, I would put together and operate in my mind, and I continued 
this practice incessantly until 1882. In that year somehow or other, I began to 
feel that a revelation was near. I could not yet see just exactly how to do it, 
but I knew that I was approaching the solution . While on my vacation, in 1882, 
sure enough, the idea came to me and I will never forget the moment. I was walking 
with a friend of mine in the city park of Budapest reciting passages from Faust. It 
was nothing for me to read from memory the contents of an entire book, with every 
word between the covers, from the first to the last. My sister and brother, how
ever, could do much better than myself. I would like to know whether any of you 
has that kind of memory. It is curious, entirely visual and retroactive . To be 
explicit -when I made my examens, I had always to read the books three or four days 
if not a week before, because in that time I could reconstruct the images and vis
ualize them; but if I had an examination the next day after reading, images were not 
clear and the remembrance was not quite complete. As I say, I was reciting Goethe's 
poem, and just as the sun was setting I felt wonderfully elated, and the idea came 
to me like a flash . I saw the whole machinery clearly, the generator, the motor, 
the connections, I saw it work as if it had been real. With a stick I drew on the 
sand the diagrams which were shown in my paper before the American Institute of 
Electrical Engineers and illustrated in my patents, as clearly as possible, and from 
that time on I carried this image in my mind. Had I been a man possessed of the 
practical gifts of Edison, I would have gone right away to perform an experiment and 
push the invention along, but I did not have to do this. I could see pictures so 
vividly, and what I imagined was so real and palpable, that I did not need any ex
perimenting, nor would it have been particularly interesting to me. I went on and 
improved the plan continuously, inventing new types, and the day I came to America, 
practically every form, every kind of construction, every arrangement of apparatus 
I described in my thirty or forty patents was perfected, except just two or three 
kinds of motors which were the result of later development . 

In 1883, I made some tests in Strasburg, as Mr. Terry pointed out, and there at 
the railroad station obtained the first rotation. The same experiment was repeated 
twice. 

Now I come to an interesting chapter of my life, when I arrived in America. I 
had made some improvements in dynamos for a French company who were g.etti ng their 
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machinery from here. The improved forms were so much better that the manager of the 
works said to me: "You must go to America, and design the machines for the Edison 
Company. 11 So, after ineffectual efforts on the other side to get somebody to in
terest himself in my plans financially, I came to this country. I wish that I could 
only give you an idea how what I saw here impressed me . You would be very much as
tonished. You have all undoubtedly read those charming Arabian Nights tales, in 
which the genie transports people into wonderful regions, to go through all sorts 
of delightful adventures. My case was just the opposite. The genie transported me 
from a world of dreams into one of realities. My world was beautiful, ethereal, as 
I could imagine it. The one I found here was a machine world; the contact was 
rough, but I liked it. I realized from the very moment I saw Castle Garden that I 
was a good American before I landed. Then came another event. I met Edison, and 
the effect he produced upon me was extraordinary. When I saw this wonderful man, 
who had had no theoretical training at all, no advantages, who did all himself, 
getting great results by virtue of his industry and application, I felt mortified 
that I had squandered my life. I had studied a dozen languages, delved in litera
ture and art and had spent my best years in ruminating through libraries and read
ing all sorts of stuff that fell into my hands. I thought to myself, what a ter
rible thing it was to have wasted my life in those useless efforts. If I had only 
come to America earlier and devoted all of my brai n power to inventive work, w'hat 
might I have done? In later life though, I realized I would not have produced any
thing without the scientific training I got, and it is a question whether my sur
mise as to my possible accomplishment was correct. In Edison•s works I passed 
nearly a year of the most strenuous labor, and then certain capitalists approached 
me with the project to form my own company. I went into the proposition, and de
veloped the arc light. To show you how prejudiced people were against the 
alternating-current, as the President has indicated, when I told these friends of 
mine that I had a great invention relating to alternating-current transmission, 
they said: "No, we want the arc lamp. We do not care for this alternating-current." 
Finally I pe rfected my lighting system and the city adopted it. Then I succeeded 
in organizing another company, in April, 1886, and a laboratory was put up, where I 
rapidly developed these motors, and eventually the Westinghouse people approached 
us, and an arrangement was made for thei r introduction. You know what has happened 
since then. The invention has swept the world. 

I should like to say just a few words regarding the Niagara Falls enterprise. 
We have a man here to-night to whom belongs really the credi t for the early steps 
and for the first financiering of the project, which was difficult at that time. 
I refer to Mr. E. D. Adams. When I heard that such authorities as Lord Kelvin and 
Prof. W. C. Unwin had recommended - one the direct-current system and the other com
pressed air - for the transmission of power from Niagara Falls to Buffalo, I thought 
it was dangerous to let the matter go further, and I went to see Mr. Adams. I re
member the interview perfectly. Mr. Adams was much impressed with what I told him. 
We had some correspondence afterwards, and whether it was i n consequence of my en
lightening him on the situation, or owing to some other influence, my system was 
adopted. Si nce that time, of course, new men, new interests have come in, and what 
has been done I do not know, except that the Niagara Falls enterprise was the real 
starti ng impul se in the great movement inaugurated for the transmission and trans
formation of energy on a huge scale . 

Mr. Terry has referred to other inventions of mine . I will just make a few re
marks relative to these as some of my work has been misunderstood. It seems to me 
that I ought to tell you a fe~r words about an effort that absorbed my attention 
later. In 1892 I delivered a lecture at the Royal Institution and Lord Rayleigh 
sur1)ri sed me by acknowledging my work in very generous terms, something that is not 
customary, and among other things he stated that I had really an extraordinary gift 
for invention. Up to that time , I can as sure you, I had hardly realized that I was 
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an inventor. I remembered, for instance, when I was a boy, r·could go out into the 
forest and catch as many crows as I wanted, and nobody else could do it. Once, when 
I was seven years of age, I repaired a fire engine which the engineers could not 
make work, and they carried me in triumph through the city. I constructed turbines, 
clocks and such devices as no other boy in the community . I said to myself: "If I 
really have a gift for invention, I will bend it to some great purpose or task and 
not squander my efforts on small things." Then I began to ponder just what was the 
greatest deed to accomplish. One day as I was walking in the forest a storm gathered 
and I ran under a tree for shelter. The air was very heavy, and all at once there 
was a lightning flash, and immediately after a torrent of rain fell. That gave me 
the first idea. I realized that the sun was lifting the water vapor, and wind swept 
it over the regions where it accumulated and reached a condition when it was easily 
condensed and fell to earth again. This li fe-sustaining stream of water was entire
ly maintained by sun power, and lightning, or some other agency of this kind, simply 
came in a trigger-mechanism to release the energy at the proper moment. I started 
out and attacked the problem of constructing a machine which would enable us to 
precipitate this water whenever and wherever desired. If this was possible, then 
we could draw unlimited amounts of water from the ocean, create lakes, rivers and 
water falls, and indefinitely increase the hydroelectric power, of which there is now 
a limited supply. That led me to the production of very intense electrical effects. 
At t he same time my wireless work, which I had already begun, was exactly in that 
direction, and I devoted myself to the petfection of that device, and in 1908, I 
filed an application describing an apparatus with which I thought the wonder could 
be achieved . The Patent Office Examiner was from Missouri, he would not believe 
that it could be done, and my patent was never granted. But in Colorado I had con
structed a transmitter by which I produced effects in some respects at least greater 
than those of lightning. I do not mean in potential. The highest potential I 
reached was something like 20,000,000 volts, which is insignificant as compared to 
that of lightning, but certain effects produced by my apparatus were greater than 
t hose of lightning. For instance, I obtained in my antennae currents of from 1,000 
to 1,100 amperes. That was in 1899 and you know that in the biggest wireless plants 
of today only 250 amperes are used. In Colorado I succeeded one day in precipitat
ing a dense fog. There was a mist outside, but when I turned on the current the 
cloud in the laboratory became so dense that when the hand was held only a few in
ches from the face it could not be seen. I am positive in my conviction that we 
can erect a plant of proper design in an arid region, work it according to certain 
observations and rules, and by its means draw from the ocean unlimited amounts of 
water for irrigation and power purposes. If I do not live to carry it out, some
body else will, but I feel sure that I am right. 

As to the transmission of power through space, that is a project which I consid
ered absolutely certain of success long since. Years ago I was in the position to 
transmit wireless power to any distance without limit other than that imposed by 
the physical dimensions of the globe. In my system it makes no difference what the 
distance is. The efficiency of the transmission can be as high as 96 or 97 per 
cent, and there are practically no losses except such as are inevitable in the run
ning of the machinery. When there is no receiver there i s no energy consumption 
anywhere . When the receiver is put on, it draws power. That is the exact opposite 
of the Hertz-wave system. In that case, if you have a plant of 1,000 horsepower, 
it is radiating all the time whether the energy is received or not; but in my system 
no power is l ost. When there are no receivers the plant consumes only a few horse
power necessary to maintain the electric vibration; it runs idle, as the Edison 
plant when the lamps and motors are shut off. 

I have made advances along this line in later years which will contribute to the 
pra,ctical features of the system. Recently I have obtained a patent on a transmitter 
with which it is practicable to transfer unlimited amount of energy to any distance. 
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I had a very interesting experience with Mr. Stone, whom I consider, if not the 
ablest, certainly one of the ablest living experts. I said to Mr. Stone: "Did you 
see my patent?" He replied: ••ves, I saw it, but I thought you were crazy ... When 
I explained it to Mr. Stone he said, "Now, I see; why, that is great," and he under
stood how the energy is transmitted . 

To conclude, gentlemen, we are coming to great results, but we must be prepared 
for a condition of paralysis for quite a while. We are facing a crisis such as the 
world has never seen before, and until the situation clears the best thing we can do 
is to devise some scheme for overcoming the submarines, and that is what I am doing 
now. (Applause) · 

ALFRED H. COWLES: Here are some pictures you gave to me twenty years ago, re
lating to your experiments of 1899, I think you will be interested in seeing them. 
(Hands pictures to Mr. Tesla) 

NIKOLA TESLA: I have learned how to put up a plant that will develop a tension 
of 100,000,000 volts and handle it with perfect safety. This plant (indicating) 
was in Col orado. If anybody, who had not been dabbling in these experiments as 
long as myself, had done such work, he would surely have been killed. In this plant 
I had the narrowest escape ever. It was a square building, in which there was a 
coi l 52 feet in diameter, about nine feet high . When it was adjusted to resonance, 
the streamers passed from top to bottom and it was a most beautiful sight. You see, 
that was about fifteen hundred, perhaps two thousand square feet of streamer sur
face. To save money I had calculated the dimensions as closely as possible, and 
the streamers came within six or seven inches from the sides of the building. As 
boys had been looking through a single window provided in the rear, I nailed it up. 
For handling the heavy currents, I had a special switch. It was hard to pull, and 
I had a spring arranged so that I could just touch the handle and it would snap in. 
I sent one of my assistants down town and was experimenting alone. I threw up the 
switch and went behind the coil to examine something. While I was t here the switch 
snapped in, when suddenly the whole room was filled wi th streamers, and I had no 
way of getting out. I tried to break through the window but in vain as I had no 
tools, and there was nothing else to do than to throw myself on my stomach and pass 
under. The primary carried 500,000 volts, and I had to crawl through the narrow 
place here (pointing) with the streamers going. The nitrous acid was so strong I 
could hardly breathe. These streamers rapidly oxidize nitrogen because of their 
enormous surface, which makes up for what they lack in intensity. When I came to 
the narrow space they closed on my back . I got away and barely managed to open the 
switch when the building began to burn. I grabbed a fire extinguisher and succeeded 
in smothering the fire. Then I had enough, I was all in. But now I can operate a 
plant without any fear of its destruction by fire. Mr . Cowles is responsible for 
excursion into this matter . (Appl ause) 

THE PRESIDENT: If there is no further business, we will consider this meeting 
adjourned. 
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Feb. 7, 1918 

A LIGHTING MACHINE ON NOVEL PRINCIPLES - QY Nikola Tesla 

A machine built on novel and original lines is about to be placed on the market. 
It consists of a turbine and electric generator, both employing basically new prin
ciples in construction as well as operation, and intimately associated to constitute 
a unit. The former has been pronounced revolutionary in its design and perfonmance. 
It is simplicity itself, being devoid of buckets, deflecting blades, guide passages, 
vanes and the like, and presents many other decisive advantages over the ordinary 
prime mover . 

In the first place there is no windage, which is the cause of a most serious loss 
of power in bucket turbines , often amounting to a large percentage of the integral 
mechanical effort. What is sti ll more important, the new turbine is capable of tak
ing up the whole velocity of the motive fluid in one continuous process, thus saving 
the expense and avoiding the complication incident to 11 Staging 11

• Furthermore, it 
has the precious quality of transforming into useful work frictional ·energy irre
trievably spent in other heat motors. 

The corrosion and erosion of buckets and vanes in the present turbines is the 
cause of another great and irremediable waste of energy, the water rate frequently 
increasing 30% to 40% after but a few months of use . No such hurtful actions exist 
in the new turbine, and if they did, they would not impair the performance to any 
appreciable degree. Again, the former are subject to considerabl e loss owing to 
unpreventable wear and deterioration of the nozzles. It is essential that the high 
velocity streams of fluid issuing from them be directed upon the curved blades with 
great precision, as a failure of this is fatal to good results . To such an extent 
is this the case that even a slight roughening of the pol i shed surfaces will reduce 
the useful energy as much as 25%. The new turbine is entirely free from this defect. 
However the nozzle may be used up, the fluid is made to flow through the wheel 
smoothly and evenly in natural stream lines, transmitting power to the same with 
undiminished efficiency. Another feature of superiority is found in its adapta
bility to high temperatures far beyond those practicable in bucket turbines . For 
every hundred degrees of increase in temperature, the steam consumption is reduced 
from 10% to 12%. Great economies are thus made possible by the use of the new prime 
mover . 

In every turbine the device regulating the speed of rotation and controlling the 
admission of the working fluid to the nozzles is of vital importance. With scarcely 
an exception it is of the centrifugal type driven from the shaft in some or other 
way and constituting an assemblage of gears, flying weights, links, levers, sleeves, 
thrust bearings and other parts. It is an apparatus complex and delicate, expensive 
to construct and easily deranged , often with disastrous consequences. All this has 
been done away in the new turbine which is controlled in a novel and striking manner. 
The regulator is elementary in its construction, positive and unfailing in its act
ion, and yet so sensitive as to respond to variations of load amounting to less than 
1% of the normal. This simple device is rendered still more valuable by the fact 
that it adjusts itself instantaneously to pressure changes so that the effects of 
these on the lamps are inapprec iabl e. To illustrate, the steam gauge on the boiler 
may indicate f luctuations from 100 to 200 pounds or more and following each other 
however rapidly without the slightest ··observable change in the intensity of the 
light. This remarkable action of the device is independent of its function as reg
ulator of speed. 

Anoth~r advantage deserving the most careful consideration of the user is the per
fect safety of the new turbine. There is an ever present danger in a machine of the 
old type, that the wheel might burst and destroy life and property . Such a deplor
able accident is absolutely impossible with the new turbine rotor, composed of thin 
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discs which expand slightly and come to rest, invariably without damage, as has 
been shown in exhaustive experiments. 

The one feature, however, which has most amazed experts, is the extraordinary 
power of this form of prime mover. Owing to the great effectiveness of the under
lying principle and peculiar construction, ten times more power can be produced 
than with any other machine known . For example, a rotor of 9" in diameter, weigh
ing less than 20 pounds, can readily develop 200 brake horsepower, and this is by 
no means the limit of performance. 

But the merits of this lighting outfit do not rest on the turbine alone. The 
dynamo associated with the same is perhaps equally noteworthy by its simplicity of 
construction, high efficiency and rare and valuable properties it possesses. It 
consists of a smooth cylindrical body mounted on the turbine shaft and arranged to 
rotate within a magnetic field of novel form. There is no brush or sliding contact 
whatever, the current being taken from stationary terminals to which the ends of 
the generating coils are connected. By employing the best materials and workman
ship and resorting to artifices of design, a most economical electrical generator 
is produced, the efficiency being over 90% even in machines of very small size hav
ing rotors of not more than 2~" in diameter . This generator possesses extraordi
nary qualities , especially desirable in electric lighting. It is capable of fur
nishing a current constant within a minute f raction of 1% through a very wide range 
of speed variation, and as such is ideally suited for running arc lamps or kindred 
electrical devices in series. More surprising still and also of greater commercial 
import is its capability of mai ntaining a constant potential. Such results as are 
obtainable with it are wholly impossible with other types of electrical generators. 
It has been found in practice that all lamps but one can be turned off suddenly 
without the slightest perceptible flicker and even without any observable effect 
on the needle of a delicate instrument indicating the voltage. 

That an apparatu~ of such simplicity and presenting so many salient advantages 
should find an extensive use in electric lighting might be naturally expected, but 
its overwhelming superiority will be better appreciated when it is stated that it 
occupies hardly more than one-tenth of the space of apparatus of the usual forms 
and weighs less in proportion. A machine capable of developing 1-kilowatt, for in
stance, goes into a space of 8 x 8 x 10" and weighs but 40 pounds. I t takes not 
more than one-third of the steam consumed in other turbo-generators of that size. 

The guiding idea in the development of this new machine was to evolve a mecha
nism approximating a static transformer of energy in simplicity, efficiency and 
reliability of operation. Every detail has been worked out with this object in 
view. There is no exciter, no commutator, brush or sliding contact whatever, no 
centrifugal regulator, voltage controller or any such complicated and hazardous 
device. The machine consists of but a stationary solid frame and two smooth cylin
drical steel bodies mounted on a strong shaft arranged to rotate in bearings virtu
ally frictionless. No oiling is required, although a small quantity of lubricant 
is provided rather as a precaution than necessity. A perfect dynamic balance is 
secured in a novel manner and insures a steady and quiet running without tremor and 
vibration. The whole apparatus can be boxed up and depended upon to operate unin
terruptedly through long periods of time. The outfit can be constructed in various 
sizes up to 100-kilowatt or more, and should meet more satisfactorily than any yet 
devised the varied requirements of electric lighting on rai l roads, boats, in public 
buildings, factories and mines, and may also be advantageously utilized in connect
ion with existing plants for replacing belt driven dynamos and storage batteries~ 
and relievi ng larger engines through the night and hours of small load. 

(This material previously unpublished- Ed.) 
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ELECTRICAL EXPERIMENTER February, 19 19 

Famous Scientific Illusions 
By NIKOLA TESLA 

Tl'ritutJ J'lct'alJy for tlu Elutrical E"'"i """"' 

Ia dUa oriciaal aad r-olutioniaina cliecuuioa, Nikola Trila ~ ... ua aomethiaa re.ll:r n- to think altout. Firat-Doea the moon 
......,. oa ita aD. 7 S.Concl--la the Fraa.ldin pointed liahtniatr ..oct correct in tlleo"7' aac:l opeution? Tbird-Oo wiral- aiaaala ftJ 
dan apace b,. mean• of ao-callecl Hertaian wa••• ia the ether, or are they propaJatecl thru the earth at prodJ~rioua ••loeit, bJ •-• 
of Ml'tla·bouH oac:Uiatio ... ? World-famoua conundrum• tla---.queatioaa which ha .. been aa.wered in manT waJ• by aom• of the 
...,..... ed.aeut.. Dr. Teala - .piaU.. th- three predominant ac:ientific fallaelaa in a muterl, wa,, ao tlaat ••...,.oa• can und-.taad 

them; 

THE human br~n. with all its won
derful ca,pabiUties and power, is far 
from bema a faultless apparatus. 

Mott of ita parts may be in perfect 
worldna order, but some are 

atrophied, undeveloped or missing alto
aether. Great men of all classes and pro-

electric current according to a childishly 
simple rule. The writer, who was known 
to recite entire volumes by heart, has never 
been able to retain in memory a.nd re
capitulate in their proper order the words 
designating the colors of the rainbow, and 
can only ascertain them after long- and Ia-

reality. The greatest triumphs of man 
were thos~ in which his mind had to free 
itself from the influence of delusive ap
pearances. Such was the revelation of 
Buddha that self is an illusion caused by 
the persistence and continuity of mental 
images; the discovery of Copernicus that, 
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It h Woll Knowll Ttiat tilt MOOII, M., Alwayt TUPitt tilt Samt Fact 
T-ard the •arth, E , aa the Black Arrow• Indicate. The Parallel "•Y• From the 8u111 Illuminate tha Moon In tu aucceaalve Orbital 
Poaltlona •• the U111ahaded aeml-clrclea Indicate. ••arlno Thla In 
Mlllld, Do You Belln·o That the M1oon Rotate• on Ita Own Axla? 

F'lg. 2.-Tea.la'• Conct!ltloit of tilt Rotatlol'l of the Moo11 , M, Around 
the l:arth, •1 the MMn, In Thla Demonatratlon Hlpoth .. la, Betno 
Conaldared aa Embedded In a Solid Ma .. , M,. I , Aa Commoftl)' 
Believed, the Moon Rotatea, Thla Would Be l:qually True For • 
Portion of ·the Maaa M.1 and the Part Common to Both Bodlea 

Wout.cl Turn Slmu tanaouaty In " Oppoalta" Dtrectlona. 

fessions-scientistt, inventors, and hard· 
headed financien-- have placed themselves 
on record with impossible theories. inopera· 
t ive devices, and unrealizable schemes. It 
is doubtful that there could be found a 
single work of any one individual free of 
eTror. There is no 

borious thought, ~t ran~e as it .may seem. 
Our organs of rc:ccption, too, are den· 

cient and deceptive. As a semblance of life 
is produced by a rapid succession of inani· 
mate pictures, so many of our perceptions 
are but trickery of the senses, devoid of 

mntrary tn all observation, this planet ro
tates around the sun; the n•,·o~nitiun ,,f 
Descartes th;~t the buman being is an 
automaton, governed by cxkrnal influ
ence and the irlca that the nrth is spherical. 
which led Columbus t·o the fintlin)! of this 

such thing as an 
infallible brain . 
Invariably, some 
cells or fibers are 
wanting or unre
•ponsive, with the 
result of impair
ina judament, 
tense of propor· 
tion, or s o m e 
other faculty. A 
man of &'enius. 
eminently prac
tical, whose name 
is a household 
word, has wasted 
the best years of 
his life in a vis
ionary und~rtak· 
ina. A celebrated 
physicist was in
capable of tncing 
the direction of an 
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c o ntinent. And 
tho the minds of 
individuals sup· 
plement one an· 
other and ~cience 
and experience are 
contillllallv elimi
nating f a·l I a c i e s 
and miscnncep· 
tions, mn<'h <1 f our 
present know'ledge 
is still incomplete 
and unreliahle. We 
have Stlphisms iu 
mathematics which 
canno t he dis
pr<Wt'd. Even in 
p u r t' n·a~oning. 
free o f the short
comin~s of sym· 
bolic processes, 
we ar~ oftt'n ar
restt'd hr doubt 
"hich th•• strOll$:· 
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est intelligences have been unable to dispel. 
Experimental science itself, most positive 
of all, is not unfailing. 

In the following 1 shall consider three 
exceptionally interesting errors in the in
terpretation and application of physical phe
nomena which have for years dominated 
tht: minds of experts and men of science. 

I . The Illusion of the Axial Rota
tion of the Moon. 

It is well known since the discovery 
of Galileo that the moon, in travelling 
thru space, always turns the same face 
towards the earth. This is explained 
hy stating that while passing once 
around its moth.er-planet the lunar 
~!oLe performs just one revolution on 
tts. axis. The spinning motion of a 
heavenly body must necessarily un
dergo modificatior1s in the course of 
time, hein~:" either retarded by resist
ance~ internal or external. or acceler
ated owing to shrinkage and other 
causes. An unalterable rotational ve
locity thru all pha:Ses of planetary evo
lution is manitestly impossible. What 
wonder, the!l, that at this very instant 
of its long existence our satellite 
should revolve exactly so, and not 
faster or slower. But many ast rono
mers have accepted as a physical fact 
that such rotation takes place. It does 
not, but only appears so; it is an il
lusion, a most surprising one, too. 
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vision the disk will revolve on its axis, such 
movement does not exist. He can dispel 
the illusion at once by holding_ the washer 
fixedly while going around. He will now 
readily see that the supposed axial rotation 
is only apparent, the impression being pro
duced Ly successive changes of position in 
space. 

- - -- -· 
. •. RAO·IAT OHORI2.0 A\.. 'V FROM VIRTICAY -

Hut more convincing proofs can be given 
that the moon does not, and e<~nnot revolve 
on its axis. With this object in view atten
tion is called to Fig. 2, in which both the 
satellite, )..!, and earth, E, are shown em
Lcdded in a solid mass, M, (indicated by 
stipplin)! ) and supposed to rotate so as to 
impart to the moon its normal translatory 

velocity. Evidently, if the lunar globe 
could rotate as commonly believed, 
this would be equally true of any other 
portion of mass M,, as the sphere M,, 
shown in dotted lines, and then the 
part co mmon to both bodies would 

_: :elt CTROMIIGNe!Ttt HERTJ; W AYe! 6 ··- : ~} 

- · CONOUeTOA, 8 \..10"'1 V A~rr:cTeO ev · · · - WLOClTY 'V• 
·· - · CONOUCTJNO fAR.T SURP:AC I!. .. --- ·-- aPftOOI LtGMT 
::.::.::: f NERGY .:...UN EC0\1~ RA&LE~-.-:·_: 

have to turn simulta,.eowly i" oPf'o
site dirulion.r. This can be experi
mentally illustrated in the manner sug
gested by using instead of one, two 

~ --·- -- -

---- ·--- - - -----· .. --- -----·· 
-----·~- · · ~· · --- --· 

overlapping rotatable waahers, as may 
be conveniently represented by circles 
M and M,, and curying them around 
a center as E, so that the plain and 
dotted arrows are alwaya pointing to
wards the same center. No fu rther 
argument is needed to demonstrate that 
the two gyrations cannot co-exist or 
even be pictured. in the imagination 
and reconciled in a purely abstract 
sense. 

The truth is, the so-called "axial ro
tation" of the moon is a phenomenon 
deceptive alike to the eye and mind 
and devoid of physical meaning. It 
has nothing in common with real mass 
revolution characterized by efiects 
positive and unmistakable. Volumes 
have been written on the aubject and 
many er roneous arguments advanced 
in support of the notion. Thus, it is 
reasoned, that if the planet did 1101 

V.-Vcowc90W turn on its axis it would expose the 

Fig. 9. THEORY. 

whole surface to terrestrial view; as 
only one-half is visible, it mwst re
volve. The first statement is true but 
th.e logic of the second is defective, for 
it admits of only one alternative. The 
conclusion is not justified as the same 
appearance can also be produced in 
another way. The moon does rotate, 
not on its own, but about an axia 
passin& thru the center of the earth, 

I will endeavor to make this dear 
by reference to Fig. 1, in which E rep
rtsents the earth and M the moon. 
T he movement thru space is such that 
the arrow, firmly attached to the latter, 
always occupies the position indicated 
with reference to the earth. If one 
imagines himself as looking down on 
the orbital plane and follows the mo
tion he will become convinced that the 
moon does turn on its axis as it travels 
around. But in this very act the ob
server will have deceived himself. To 
make the delusion complete let him 
take a washer similarly marked and 
supporting it rotatably in the center, 
carry it around a stationary object, 
constantly keeping the arrow pointing 
towards the latter. Tho to his bodily tthe true and only one. 

The unfailing test of the svinnina of L-----------------------..1 mass is, howewer, the extstence of 

G~ PRESSURE 
•NOICATOR. 

OAOfS 

ANALoov Of' Te~LA'S EARTH WAvl!. VtaRATION THEORY: 

E~CH PULSE OF T Hf PUMP IS FEI.T 'WITH EQu AL 
FOI'ICE AT A~L POINT$ O• THe SPHERe . 

T e SLA'S WIIUI.ESS TRANSMISSION Tt1EO!t'f. 
THE OSCI Lt.AT ING ENERGY BVI'IGeS T"RU T>1E EARTH TO 
EVERY POINT ON THE GLOBE . THUS E~eCTR~C I.IOHT . HEAT 
ANO DOWER CAN BE ORAWN AT ANY POINT 0~ TH~ E.AilTH 

FROM A liNCVe RSAL.. Clt.NT RAL STATION: 

Testa's World· Wide Wire less T ra nsmlaalon of Electrical S lgnala, 1'\s Well A I Light a nd Power, Is Here Il lustrated In Theory, Analogy and 
Re~ll~atlon. Tesla"s Experiments With 100 Foot Discharges At Potentlalo of Million• of Volts Have Oemonstrat~~ That the Hertz Wavn 
Are lnftnlteslmat In Effect an<l Unrecoverable; the Recoverable Ground waves of Tesla Fly "Thru the Earth . Radio Engineer s Are 
Gradually Beginn ing to See the Light and That the Laws of Propagation Laid Down by Testa Over a Quarter of a Century Ago Form the 

Real and T rue Baols of All Wireless Transmission To-Day. 
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ener!!'y of motion. T he moon is not possest tion of the latter immediately stiffens, being 
of such t ; s t!it:n. If it were the case then a at the same time deformed by gravitational 
re,·oh·in!!' hody as ~1, would contain me- pull. The shape becomes permanent upon 
t•hauit·aJ t'lh.•ry.:~· n(ht'r than that of which t'onlinJ.! and solidification and the smaller 

Jlothrole(tj 
utmosp!Jers 
SfrtJtum._ 

. l'ig. s 
lftglllg ro':elied mediumrinsu/uling).--- ·.:::.:.:-.. 

----4145 milt!S o/(m9eortlli ---·'- ···-----

11/in in.suloting 
II!Je r of' Qti: 

~qrfh t1M dense insulating air /oy~r Ia sco/1! 
Th/Giness ()r lo!f#r /, of' on tnciJ wMn radius or Mrlll 

• tZJ inCNs 
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show any measurable Rattening in form. 
2. If a planetary body in its orbital move

ment turns the same Side towards the cen
tral mass this is a positive proof that it has 
been separated from the latter and is a true 
satellite. 

3. A pl;met n·volving on its axis in its 
pas~age around another cannot have he en · 
thrown off from the same hut must have · 
heen captmcd. 
II. The Fallacy o·f Franklin'• Pointed 

Li1htnin1-Rod. 
The display of atmospheric electricity has 

since aj.!es heen one of the most man·elous 
spectacles ;tfforded to the sij.!ht of m:m. Its 
g-rand~ur anti powl'r filled him with fear 
and super.<tition. For <:cnturies ht• a ttrib
uted lightning to 01~cnts J.!<l<I-J ikt· and su
fll'nmtural and its purpose in the scht'me of 
this universe remai:m·d unknown to him. 
Now we han· teamed that the w<~ters o f 
the ocean are raised hy the sun and main
tained in the atmosphere rlelicately sus
pended. that they are wafted to distant re
gions o f the globe where l'lcctric fon·e, 
assert themselves in upsetting the sensitin~ 
balance and causing precipitation. thus sus
taining all organic life. There is every 
reason to hope that man will soon he a!.lt• 
to ccmtrol this life-giving tlow ur "ater 
and therehy solve many pressing p r.,hJem' 
of hi·s existence. 
Atmo~pheric electricity became of spt!cial 

scient ific interest in Franklin's time. Fara
day bad not yet announced his epochal <li~
coveries in magnetic induction lout static 
frictional machines were alread1· generalh· 

A Section of the Earth and lte Atmoepherlc Envelope Drawn to Scale. It 11 Obvloue That the used in physical laboratories. · Franklint, 
Hertztan Raye Cannot Traveree So Thin a Creek Between Two Conducting Surlecee For Any powerful mind at once leaped to the c<on
Conelderable Dtetance, Without Belsg 1~b;,'tv•ed'T~=~~ • Dr. Teela, In Dlacuselng the Ether c1~1s_ion that !ricti?na.l and atmosp:1erit- e~l'C· 

P - Y trtctt" \\'ere tdenhcal. To our present 1'1cw 

we ha1·e cxpt•rimemal e\·idence. Irrcspec
til·e of this so exa.:t a coincidence hetween 
the axial and orl,ital periods is, in itself, 
immensely impn.J,ahle for this is not the 
permanent condition towards which the 
syst em is tenrlin~. Any axial rotation of a 
mas~ left to itself. retarded hy forces ex
ternal or internal. must cease. Even admit
ting its perfect <:<Httrul hy tides the coinci
dence would still he miraculous. But when 
we remember that most of the ~atellites 
exhihit this pecnlinrity, the prubat.ility he
comes infinitestimal. 

Three theoric, have heen advanced for 
the orit{in uf th•· IW•nn, .'\crcmlin;.: to th" 
,,J,It·,t 'lll!).!t''l<·rl J,y tho· ~:n·at t ..-nnan 
philusCtpht·r "ant, ;inti cknlopc<l hy La
place in hi, mounmcntal tr<·atisc "Me
canique Celtste", the: planets have been 
thro wn off from larger central masses by 
centrifugal force. !'\early forty years ago 
Prof. George H. Darwin in a masterful 
essay on tidal iriction furnished mathe
matical proofs. deemed unrefntai,Je, that 
the moon had 'eparate<l from the earth. 
Recently thi~ f'Stai.Jishcd thc<try has hec:n 
attacked hy i'rof. T. J. J. S~<: in a n·mark
ahle wnrk ''" the ''J·:,·.,JntHm of tht· Stellar 
Systems", in which he propounds the view 
that centrifugal f orcc wa!> altogether iuade
ttuate to Lring a~>Ont the scpara·tion and 
that all planets, including the m11on. ha1·e 
come from the depths of space and have 
been captured. Still a thircl hypothe,is of 
unknown origin exi,ts which has l•t·en c:x
amined and commented np<•n by Prof. V•: . 
H . Pickering- in ·· p,,pular Astronomy of 
1'107". and a<'<:ording to which the moon 
was torn fr(Jm the earth when 1hc later 
was. partially solidified, this accounting for 
the continents which mi!!'ht not have heen 
formed otherwise. 

Undouhtedly Jl(anets and satellite'- han 
originated in I.oth ways and, in mv C>pin
lon, it i' 11''' difficult tu asct•rtain tJ;,. r har
acter nf thc:ir hirth. The follow in;.< Chn
clusions can J,r safe!)' drawn: ' 

1. A hea\·enlv hod,· thrown off from a 
larl!'er one cannot roiatc on its axis. Tlw 
mass, rendered flu·id !>1· the combiner! ar
tion of heat ancl pn·"•irc, upon the r<' <hlt'· 

·mass continues to move about the lar~rr 
tlne as tho it ·were ri):ddly connected to it 
except for pendular swings or I ihrati•mS 
due to varying orhit:.l velocity. Such mu
tion precludes the possihility of axial rota · 
tion in the strictly pbysical st·n,;c. Tlw 
motJn has never spun around a~ i~ 
w(·lt cl~monstratccl hy the fact that tht· 
mn"t precise measurements have failed tu 

this inference appears obvious, but in his 
• ~~· e tt.e mere: thought of it was little short 
of hlasphcmy. He investigatt•d the phe
n<~mt•na aut! ar!!ued t hat if they ll'<'rt' oi tlw 
same nature then the clouds c<>uld he 
drained of their ch;Lrg<' t•xacllv ;1s the half 
nf a statk mat·hinc. an<l in i7-N 1..- intli
ratc<l in a puhlisht nwmoir huw thi~ ftlnltl 
he dime hy the use of puiuted met:ll rod-. 

(Ctmlin~<cd "" /'II!J<' 728) 

HOOE OF PROPAGATION OF THE 
CURR!NTFROM THE TRAN8MITTER 

THRU T-HE EARTH 

------ ----------

-----------
PlANE OF fCLIPTK:_~-aHAOOw 
.EA~~ 
WITH IT'S TRll~ VELOCITY 
.!':!.Ftli..§.P~~- --- - - - - - ·--

MOON'S 8HAOOW LI!AVING THI!. 
EARTH AGAIN. REACHING INFII'IIT"· ________ _ SPEED 

Fig. 8.-Thla Diagram llluatratee How, During • Solar Eellpee, the Moon'• Shadow 
Paeaee Over the Earth With Changing Velocity, and Should Be Studied In Connep
tton With Fig. 9. The Shadow Move• Downward With Infinite vetoetty at Flrtt, 
Then WIU ltl True velocity Thru Spece, and Finally With Infinite Veloctty Ag011n. 
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Famous Scientific Illusions 
The earliest trials were made by Dali~ 

brand in F rance, but Franklin himsel f was 
the first to obtain a sparlc by using a kite, in 
June, 1752. When these atmospberie dis
charges manifest themselves today in our 
wireless station we feel annoyed and wish 
that they would stop, but to the man who 
discovered them they brought tears of joy. 

A, 

latter has the property of quickly d iu ipat
inr the accumulated charge into the air. 
To examine this action in the light ·of pre~ 
ent knowledge we may lik~n eleetrie Jl(lten~ 
tial to temperatur~. Imagine that sphere s 
ia heated to T degrees and that the pin or 
metal bar is a perfect conductor of heat so 
that its extreme end is at the same tem~ 

l'l!J 7 
The T heory Haa Been 8er louely Advanced and Taught that t he Radio l!t her Wave 
Oec:lllatlone Paaa Around the • al'th by auccuelve "e"ectlona, aa Here Shown. T lhe 
Etftc lenc:y of Such a Re"ector Cannot he more t han 25 Per Cent: the Amount of 
Energy Recover.able In a 12,000· mlle Tranamlaelon being but One Hundred a nd Flf · 

t een Billion t h P a rt of One W att, w ith 1,000 K llowat ta a t t he Tranemlt ter. 

The lightning conductor _in !ts classic:!ll 
form was invented by BcnJamtn Frankltn 
in 1755 and immediately upon its adoption 
proved a success to a degree. As usual, 
however, its virtues were often exagger
ated. So, for instance, it was seriously 
claimed that in the city of Piatermar it%
burg (capital of Natal, South Africa) no 
lightning strokes occurred after the pomted 
rods were installed, altho the storms were 
as frequent as before. Experienc:e has 
shown that just the opposite is tr ue. A 
modem city like New York, presenting in~ 
numerable sharp points and projections in 
good contact with the earth, is struck much 
more often than equivalent area of land. 
Statistical records, carefully compiled and 
publisht from time to time, demonstrate 
that the dan~er from lightning to p roperty 
and life has been reduced to a small per
centage by Franklin's invention, but the 
damage by fire amounts, nevertheless, to 
several million dollars annually. It is as
tonishing that this device, which has been 
in universal usc for more than one century 
and a half, should be found to involve a 
gross fallacy in design and const ruction 
which impairs its usefulness and may even 
render its employment hazardous under cer
tain conditions. 

For explanation of this cur ious fact I 
may first refer to Fi~. 3, in which s is a 
metallic sphtrt of r:adtus r, such as the ca~ 
pacity term.inal of a static machine p ro
vided with a sharpl1 pointed pin of length 
h. as indicated. I t ls well known that the 

perature T. Then if anoth~r sphere of 
larger radius, v., is drawn about the first 
and .th~ te~perature along this bOundary is 
T,, 1t IS ev1dent that there will be bctw~~~~ 
t~e end of the bar and its surrounding a 
d1_ff~rence ~f temperature T - T,, which 
wtll dctermme the outflow of heat. Obvi
ously, if the adjacent m~dium was not ai
fected by the hot sphere this temperature 
difference ~ould be greater and more heat 
would be gtven off. Exactly so in the elec
tric system. Let q be the quantity of the 
charge, then the sphere-and owing to its 
great conductivity also the pin- will be at 

. q 
the po tential - . Tlte medium around the 

r 
point of the pin will be at the potential 
q q 
- = -- and. consequently, the differ
r, r + h 

q Q qh 
ence - - --= . Suppose now 

r r+ h r (r+h) 
that a s.phere S of much lar.rer radius 
R := l_'lr 1s employed c:on.taining a charge 0 
th1s d1fference of potent1al will be a nalo"-

Qh • .. 
ously ---- According to elementary 

R (R +h) 
principles of electro-statics the potentials 
of the two spheres s and S will be equal if 

Qh 
0 = nq in which case 

. R ( R+h) 
( C o"trnrud o" pagt 730) 
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FAMOUS SCIENTIFIC ILLUSIONS. 
( C Ofttitfued from ~ogt 728) 

nqh qh 
Thus the dif· 

nr(nr +h) r(nr + h) 
ference of potential between the point of 
the pin and the me<lium around the same 
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the positive charge of the cloud inducu in 
the earth an equivalent otton" char,e, the 
density at the surface of the l~tter climin· 
ishing: with the cube· of the distance from 
the static center of the cloud. A brush 
discharge is then formed at the point of the 
rod and the action Franklin anticipated 
takes place. In addition, the surroundiar 
air is ionized and rendered conduc:tinr and, 
eventually, a bolt may hit the buildinr or 
some o ther object in the vicinity. The vir
tue of the pointed end to diuipate the 
charge, which was uppermost in Franklin's 
mind is, however, infinitesimal. Canfvl 
mttUt~rtmntl.t sltow tlult it woflld ttlit 
"""'' ytors before tht tltctririty sttJrt4 t. 
a sitJglt t:ltltMI of modtratt sizt wotfl4 bt 
draum: off or Mtltrali.ztd tltru sueh o ligltt
nitfg conductor. The grounded rod hu the 
quality of rendering tiarmless moat of the 
strokes it receives, tho ocx:asionally the 
charge is diverted with damaging results . 
But, what is very important to note, it 
invites danger and hazard on account of 
the fallacy involved. in its design. The -------I sharp point which was thought advanta,e-
ous a:nd indispensable to its operation, is 
really a defect det racting considerabt:y from 
the practical value of the device. I have 

'------------------~ produced a much improved form of li~t-Fig. 4. Teala •xplalna the Fallacy of the · t t h t · d b th Franklin Pointed Llahtnlng Rod, Here lllue- nmg pro ec or c arac enze Y e emp oy-
trated, and Show• that uaually auch a Rod ment of a terminal of considerable area and 
could Not Draw Off the ll!:llctriGit)' In a lin· large radius of curvature which makes im-
@:e Cloud In Many Yeue. The Dena12; of the possible undue density of the charge and 

ot• Indicate• the lntenelty of the hargee. IOnization of the air.• Tltt u protutors 

will be smaller in the ratio when 
nr + h 

the Jarge sphere is used. In many scientific 
tests and experiments thi5 important ob
servation has been disregarded with the 
result of causing seriou~ errors. Its sig
nificance is that the behavior of the 
pointed rod entirely depends on tbe linear 
dimensions of the electrified body. Its 
quality to ~ve off the charge may be en
tirely lost If the latter is very large. For 
thi!! reasnn, all points or projections on the 
surface o f a conductor of such vast dimen-

. sions as the earth would be quite ineffective ' I were it not for other influences. These 
will be elucidated with reference to Fig. 4, 
in which our artist of the Impressionist 
school has emphasized Franklin's notion 
that his rod was drawing electricity from 
the clouds. If the earth were not sur
rounded by an atmosphere which is gener
ally oppositely charged it would behave, 
despite all its irregularities o f surface, like 
a polished sphere. But owing to the elec
trified masses of air and cloud the distribu
tion is greatly modified. Thus in Fig. 4, 

act tU quasi-rtptllcnts Oftd so far lulvc 
Ktvtr been struck tho trfo.ttd G lon.g timl!'. 
Their safety is experrment.ally demon
strated to greatly exceed that invented by 
Franklin. By their use property worth 
millions of dollars which is now annually 
lost, can be saved. 

III. The Sinrular Miaconception of the 
Wirelua. 

To the popular mind this sensational ad· 
vance conveys the impression of a single 
invention but in reality it is an art, the suc
cessful practise of which involves the em
ployment of a great many discoveries and 
improvements. I viewed it as such when I 
undertook to solve wireless problems and 
it is due to this fact that my insight i nto ita 
underlying principles was c:tear from their 
very inception. 

In the course of development of my in
ductio:n motors it became de~i rable! to op
erate them at high speeds and for this pur
pose I const ructed alternators of relatively 
~r to the October. 19181 issue of tbis jour· 
nal wh .. rein Dr. Tesla's new rorm of non·pomted 
li•htnin• rod wu fully deJCribed and illustrated. 

(Continued 011 page i'J2) 
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~ ~'!':. NIKOLA TESLA~I it We have prepared a genlli.De, ' 
handsome photograph, auto
graphed in facsimile by the great 
inventor. 1bls photograph, taken 
in December, 1918, was posed 

especially for the cover design i of tbc fcbnmzy, 19191 illue of 
the "Electrical Experimenter". It 
shows Tesla as he is today, hold-
ing his famous wireless-lighted 
globe. No advertising whatso-
ever on this photo, except for the 
autograph. Size about 9 x 12", 
Ready for framing. A striking ~ 
picture of the world's greatest in- ~ 
ventor for your den, library, 
laboratory, workshop or radio 
station. Sent prepaid in strong 
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high frequencies. The striking behavior of 
the currents soon captivated my attention 
and in 1889 I started a systematic investi
gation of their properties and the _possibili
ties of practical application. The first 
gratifying result of my efforts in this direc
tion was the transmission of electrical 
energy thru one wire without return, of 
which I gave demonstrations in my lectures 
and addresses before several scientific 
bodies here and a broad in 1891 and 1892. 
During that period, while working with my 
oscillation transformers and dynamos of 
frequencies up to 200,000 cycles per second, 
the idea gradually took hold of me that the 
earth might be used in place of the wire, 
thus dispensing with artificial conductors 
altogether. The immensity of the globe 
seemed an unsurmountable obstacle but 
after a prolonged study of the subject I 
became satisfied that the undertaking was 
rational, and in my lectur~s bdore the 
Franklin Institute and National Electric 
Light Association early in 1893 I gave the 
outline of the system I had conceived. In 
the latter part of that year, at the Chicago 
World's Fair, I had the good fortune of 
meeting Prof. Helmholtz. to whom I ex
plained my plan, illustrating it with e.xperi
ments. On that occasion I asked the cele-
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brated physicist for an expression of opin
ion o n the feasibility of the scheme. He 
stated unhesitatingly that it was practicable, 
provided I could perfect apparatua capable 
of putting it into effect but this, he antici
pated! would be extremely difficult to ac
comp ish. 

'I resumed the work very much mcour· 
aged and from that date to 1896 a.dvanced 
slowly but steadily, making a number of 
impro vements the chief of which wu my 
system of coruau"ated tuMd circ .. itl and 
method of rerulation, now universally 
adopted. In the summer of 1897 Lord 
Kelvin happened to pass thru New York 
and honored me. by a visit to mylaboratocy 
where I enterwned him with demonstra
tions in support of my wireless theory. He 
was fairly carried away with what he saw 
but, nevertheless, condemned my project in 
emphatic terms, qualifying it as something 
imposaible, "an illusion and a snare." I 
had expected his a~proval and was pained 
and surprised. But the next day he re
turned and gave me a better opportunity 
for exflanation of the advances I had made 
and o the true principles underlying the 
system I had evolved. Suddenly he re
marked with evident astonishment : "Then 
you are not making use of Hertz waves?" 
"Certainly not," I replied, "theu a" radia
tinn.r. No energy could be economically 
transmitted to a distance by any such 
agency. In my system the process is one 
of /rut conductio" which, theoreticall:y, can 
be effected at the greatest distance without 
appreciable loss." I can never forget the 
magic change that came over the illustrious 
philo3opher the moment he freed himself 
from that erroneous impression. The skep
tic who would not believe was suddenly 
transformed into the warmest of support
ers. He parted from me not only thoroly 
convinced of the scientific soundness of the 
idea but strongly exprest his confidence in 
its success. In my exposition to him I re
sorted to the following mechanical ana
logues of my own and the Hertz waw 
system. 

Imagine the earth to be a bag of rubber 
filled with water, a small quantity of which 
is periodically forced in and out of the 
same by means of a reciprocating pump, as 
illustrated. If the strokes of the latter arc 
effected in intervals of more than one hour 
and forty-eight minutes, sufficient for the 
transmission of the impulse thru the whole 
mass, the entire bag will expand a nd con
tract and corresponding movements will he 
imparted to pressure gauges or movable 
pistons with the same intensity, irrespective 
of distance. By working the pump faster, 
shorter waves will 'be produced which, on 
reaching the opposite end of the bag, may 
be reflected and give rise to stationary 
nodes and loops. but in any case, the fluid 
bein~ incompressible, its inclosure p_erfectly 
elastic, and the frequency of oscillations 
not very high, the energy will be economic
ally transmitted and very little power con
sumed so long as no work is done in the 
receivers. T his is a crude but correct rep
resentation of my wireless system in which. 
however, I resort to various refinements. 
Thus, for instanct·, thr pump is made part 
of a resonant sy!<tem uf great inert ia, 
~normously magnifying the force of the 
tmprest impul~cs. The receiving device~ 
are similarly conditioned and in this man
ner the amount of crtergy collected in them 
vastly increa~ed. 

The Hertl w<IVe system is in many re
spects the very opposite o f this. To ex
plain it by analof.!Y, the piston of the pump 
IS assumed to vibrate to and fro at a ter
rific rate and the ·orifice thru which the 
fluid passes in and out of the cylinder is 
reduced to a small hole. There is scarcely 
any movement of the fluid and almost the 
who~e work performed results i!' the pro
ducuon of radaant heat, of whtch an in
finitesimal part is recovered in a remote 
local H owever incredi it is true 
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the minds of some of the ablest experts 
have been from tihe beginning, and still 
are, obsest by this mon~trous idea, and. so 
it comes that the true Wireless art, to whtch 

· l laid the foundation in 1893, has been re~ 
tarded in its development for twenty years. 
This is the reason why the "statics" have 
proved unconquerable, why the wireless 
~hares are of little value anCI why the Gov~ 
ernment has been compelled to interfere. 

We are living on a planet of well-nigh in
conceivable dimensions, surrounded by a 
layer of insulating air above which is a 
rarefied and conducting atmosphere (FiJt. 
5). This is providential, for if all the &Jr 
were conducting the transmiuion of elec
trical energy thru the natural media would 
be impossible. My early experiments have 
shown that currents of high frequency and 
great tension readily pass thru an atmos
phere but moderately rarefied, so that the 
1nsulating stratum is reduced to a small 
thickness as will be evident by inspection 
of Fig. 6, in which a part of the earth and 
its gaseous envelop.e it shown to 1eale. If 
the radius of the sphere is 12~·1 then the 
non-conducting layer is only lt64• thick 
and it will be obvious that the Hertzian 
rays cannot traverse 10 thin a crack be· 
tween two conducting surfaces for any 
considerable distance, without being ab
sorbed. The theory has been aeriously ad
vanced that the~ radiations pass around 
the globe by stKu.rsivt ,.t/ltcliotu, but to 
•how the absurdi!_r of this suggestion refer~ 
ence is made to F1g. 'J in which this process 
is diagrammatically indicated. Assuming 
that there is no refraction, the rays, as 
shown on the right. would travel along the 
sides of a polye:on drawn around the solid, 
and inscribed tnto the conducting gucous 
boundary in which case the length of the 
side would be about 400 miles. As one
half the circumference of the earth is ap
proximately 12,000 miles long there will be, 
roughly, thirty deviations. The efficiency 
of such a reflector cannot be more than 25 
per cent, so that if none of the energy of 
the transmitter were lost in other waya, the 
part recovered would be measured by the 
fraction (~)•. Let the transmitter radi
ate Hertz waves at the rate of 1,000 kilo
watts. Then about o"' ltt~flll,.ltl CJN fift"" 
?iUW1fltlt tMI of 0111 wolf is all that would 
be collected in a plrlut receiver. In truth, 
the reflections would be much more nu
meroua as shown on the left of the figure, 
and owing to this and other reasons, on 
which it is unnecessary to dwell, the amount 
recovered would be a vanishing quantity. 

Consider now the process taking place in 
the transmission by the instrumentalitie~ 
and methods of my invention. For this 
purpose attention is called to Fig. 8, which 
gives an idea of the mode of propagation 
c•f the eurrent waves and is largely setf
··xplanatory. The drawing represents a 
<olar eclipse with the shad.,w of the moon 
just touching the surface of the earth at a 
point where the transmitter is located. As 
the shadow moves downward it will spread 
over the earth's surface, first with infinite 
and then gradually diminishi!'K velocit>' 
until at a distance of about 6,000 miles 1t 
will attain its true speed in space. From 
there on it will ~roceed with increasing 
velocity, reaching 11mnite value at the op
f'C•site point of the globe. It hardly need 
be stated that this is merely an illustration 
and not an accurate representation in the 
astronomical sense. 

The exact Ia w will be readily understood 
h.Y reference to Fig. 9, in which a transmit
tmg circuit is shown connected to earth and 
to an antenna. The transmitter being in 
action, two effects. are produced : Hertz 
waves pass thru the air and a current 
traverses the earth. The former propagate 
with the speed of light and their energy is 
Vllrecow,.abll in the circuit. The latter 
proceeds with the apeed varying as the 
cosecant of the angle which a ra4ius drawn 
from any point under consideration forms 
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Increase Your Will Power 
In One Hour 

Author of This .Articlt Ttlls How Ht Quicltly .Acquirttl4 Domin4#ng 
Will Pow~r That Earns Him Betwltn 150,000 and. $70,000 a Year 

FOUR YEARS ago a man offered me a 
wonderful bargain. He wu bard up for 
money aud wauted to sell me some shares 

lD a yoUJII, srowina company for $1,000. Baaed 
on the eal'DlDp of the Company the atock of~ 
fercd me wu eully lrortb $5,()00-iD f~, tho 
man who finally boupt the ahara sold them 
agaiD lD five months at a profit of M,300. 

The reason I didn't buy tbe ahara wu that 
I could no more ralae a thouaabd dollan than I 
could bop, slr.ip; aud jump aa011 the Atlantic 
Ocem. A thousand ollaft I And my lDcome 
oDly twenty-five a week. 

The oecond cl.apW In ay llle bat•• 11 1- IDOotloa 
later, when aootber ClppO<\ueitJ ca- "' -· It ,... 
guirecl an lqr-t of lto1ooo dDriDC tbe ·lint JUt• 
I railed the ....,. •ally, pate! beck _, panDl' I bor> 
rowed, ond llad 'JO.OOO left at the alicl of the lint 
r-arl To date, In ..... than four ,_,., ay butl
hat P"id a>e a clear proAt. of o- •aoo,ooo allcl It now 
carnrn1 betwttn •.so,ooo and ,,o,ooo _a rear. Yet for 
twelve ,...n Wen, tM ~)' luMI boetl INia• ...., .. ., ...... 

The natural qllftlion for mf Nidet to aalt It, "How 
could you borrow ••o,ooo to •nnat in 1 ~~~- which 
had p,..iouoly boell a failura, alt• belq unahlt to 
borrow f.'·ooo lor an lnYut-t tloat -..11 ~nl." 
It i• a air qutscton. Andd the 1n1wtr caa be liven •• 
two little word- WJLL POW£Jl 

When the 6nt propotltlon CIIIM to 1M 1 pa11ed it b,! 
oimply bacau• 1 didn't han tile _..,. a ncl couldn t 
boriow iL I went from oll"e friend to the nat and all 
turned .... down. s.v ... al muoed to talk boaoin ... with 
me 11 all. Tber all liked mt pcreon:.llr. and thtr ••ked 
rne obout the kiclcli .. , but when it Ullle to 11>0...,.. 
mattcn 1 hadn't a chan.ce. I wao ocarecl otiff ••err 
time I tal.lted to o• of them. I pleaded witb them, 
obnoot boa-t thoas. Bat ••.,.boccr hac! \heir "~ 
all tied up In other ln-tllllnto." lt wat an old a· 
cu-. but J accepted it -klr. I called it hucl luek. 
But E know todaJ: that it wao lll>thiq in the world 
.. cept •r .lad< of Will Pow.,., or rather •:r -Jr. Will 
p .... .,.. wllich kept ,.. from ptti111 what 1 ••at.~. · 

When 1 beard that the man ac~ld thole ohan!o at 
a po01it of S..too, it -tot that mY torr6w could DOt 
he areator. ~ Tliat profit waa luot ahoot what my ular)' 
a-untecl to !Of lour ~an r But inotaad of ~tiniq 
o- m7 "bard lad," I cleclcled to find ODt whr. I wao 
oo eaaiJ:r beaten in .-,tbio1 1 tried to aC<OIDplioh. It 

. m .. t be that tban woo -hlniJ. • ital that macle the 
dill.,.... batwen ou-.o aod fatlun. It waon' t lack 
of ediiCIItion for many illitante -~~ bocotae wealthy. 
What wu t'i• •ital oparkt What -• thio one t~iq 
which ou I .. ., bad and which l did not hanl 

' I bepm eo nod 
P Ll8t of boob about PfJ'• 

Contenta choloiJ' and mental 
-· But lYetJ'thlna 1 re.ad ••• too 
lftletal. There ••• 
notbin1 definite -
::,o:h.!:'~at ttt::td0 .told 

After aeveral 
month• ()( discour:.. 
aaina effnrt. T fi· 
nelly tnrountert"d 1 
book calle-d " Power 
of Will." by Prof. 
F r a n k Ch011nin1 
Haddock. The very 
uri .. came to me •• 
• oho<k. Whm l 
o!M"ntd the boolt I 
wu amated. 1 
reoliztd that will 
power w•• the Yital 
t p a r k- t he -..ne 
thine that I lacked 
And here- in rhi:' 
book were the ..,. 
rulet1 ln:eons and 
e1ert11U t h r u u ¥ h 
which anyone c'Ould 
increa• cheir ,..iU 
po...... EacerlJ I 
rud pap alte r 
p • 1 e ; iDChadiq 
s u c: h articles ••· 
The Law of Great 
Thinkinr ; How to 
De•elop Analnical 
Po..,.; How to eo ... 
centrale Plffectly: 
How to Gu ard 
Acainat Err"Ora in 
Thouaht; How to 
Dtnlo~ Furies,. 
nesa: How to Ac
quire a Dominat• 
illl Poroonality. 

An hour after I opened the book I felt like 
a Dew person. My sluggish will pclwer wu 
begiDniDJ to awaken. There wu a new Iicht 
lD my eye, a new apriq lD my step, a DeW 
determlDatJon lD my soul. I bepn to see, lD 
my put, tbe IIIADY miltakc. I bad made, aDd 
I kDew I would never make them apin. 

I pract.1c:ed some of the llimple ezerda.. 
They were more fudaatilll thaD auy pme of 
cards or auy aport. 

Tboa ca- 111 -turoity to acquire the butiDIII 
whicb bad lost IIIOntJ' for twelve J'Utt 1nd which 1 
turned into a •so,ooo a ,.ear _ne, mo~er. l aalcad of 
cti,..iq bofote the _n.,.ed -·· l -~~ them oYW 
b)' IDJ' lhw ,_ or wilt. I wvuld DO' be duitd. 
Aod my e•ery act aacl word 1ila thea bao bela the 
m•lt of IDJ tralain1 ID wiU powtr. 

J liD COIIYiD<*J that net)' lllln haa withiD htmrirU 
.,.,. -ntial qu11il)' of oioccaa euept a ''"'"' will. 
Any man who doubU that ctat.....,.t need oDI_r au
·Jyu the NcaoofDI _, be knowa, and be will fiod 
hiiDoolf their equal, or their ouperior, ht .. ,..,. way a
cept in will powor. Without a otron1 will. educatioe 
COUDto for Jitt.Je, _..,. CODnto for D0tJUBI, opponaaO
tMo ate uoole10. 

1 oare"tl'~ reoommend Prof. H1cldock'o rrut -', 
"Power of Will," to thooe who feel that oucc:.• io iDOl 
out of nacb-to tho• who lad that -.u.i., wloidl 
they caanot debe, Jet which holdo tllelo <Iowa to tbe 
arind of a omdl ula..,.. 

Never belort! ba•a buoir101t 11\ell and -• ~ 
thlo help oo badlr ao in th- t..,.ln, ti-. Hue.-. 
of rtll aod ima11DI'l' obatacleo confront •• e•..,. dar, 
and 01117 thote who a,. maot ... o of them•lnt aad who 
hold their hoado up will aoacued. "Po- of Will" ao 
nncr belore i1 an abaolu te nectllit,...an iDW'IItiDillt 
in •If-culture which 1111 one un afford to cleny llim•U. 

I am aut,borized to ur chat any rae~« wloo a .. "' 
eumine "P-or ol Will' for he dayo _, do oo wi .. 
out •nclln1 any _n.,. in advance. 11 altot o M boor ,-u do not feel that rour wiU power baa iacru...t. aa4 
tl alter a week'o read•n·a )'Ou do not ltd that thlt arut 
book oupplieo that one laeultr :rou need IDoot to wi11 
tueottl, retum it and _lOu wil owe nodtiDf. Otherwi• 
-d only ,,, the amall aum uked. 

Some few doubtert will -~ 11 dll idea of will power 
beiq the fountainhead of wealth. pooilion a Dd ._,... 
thin1 .. are otri•illl lor, hut tba arnt mau ol in~&. 
l;pnt mee and women will at loaot invttticate lor 
ttiautlno by oondin:, f« the hook at the publiobat'o 
rlolt. 1 am aul't! that any hook that hao done lor rn
aod lor tbouundo of other-hat "Power of Will" 
hao do~a well 1"otth in-tiptie,. lt io inu..otiq 
to Illite that a-na tho sso.ooo OWD<!rl ol "Powor .r 
WiU" .,. Mch -mineet men ao Su~ Court 
Jurtia Part.: W• Ti.,. Fa.,.,. £s-U. S. Chi.,... A
~·-.tor; Qo•.· l,f(l!;dvia, of Ntbmluo: A•i11ut 
rotmu~al Britt; GoMral ManaJ'Of Chria.t .. 
'I'D, of WeUJoFafJO £zpowa Co.; E . St. EI!DO Letraa: 
Sionator Arthur Capper of ltanou and tbooaoando of 
other.. In fact, today "Powu of Will .. Ia juot u i
pOrtant,. and 11 necetury tel a men'• or woman'• equip
ment lor oucceoo, u a diction a..,.. To tr)' to oucceed 
without Powtr ol Will io like tiJ'ina to do busineu wit!>. 
out a telephone. 

Aa J"'Ur firtt 1tep in wiJI traininJ. I su,poat i• 
mflfiate- artion in r:hit matter before you. t it not 
even ne«tury to write 1 letter. Uoe tilt form baiOw. 
if you prefer. addresoinc it to the Pelton Publiohiq 
Cornpa~ty, J<>-B Wilco• Block M ... iclen, Conn .. , and the 
book wi ll come by return nui1. You hold in your hand, 
thit very minut~. the be~ti nllina of a ntw tta in your 
lifo. Over a million dollar• bu been poid lo:r ••Powor 
of Will"' by people who aent for it on free .. amination. 
Can yo,., sn justioe to J'OUrseJf, heait.te about ~tndinc 
in the coupon/ Can you doubt, blindly, when you can 
-· without a ~nnJ depooit, thio -nder-book that 
will inereaee your will power in one bour. 

The cost ol paper. printina and binclinJ hat almott 
doubled durin1 the put three yuro, in opita ol which 
"P-er of Will" bu not been increaoed in price. The 
publiohot feels that oo areat a work ahould be kept ao 
low-pria:d •• pouibJe. but in view of the enormoua in
cr,.ue in t.he eott of every manufacturin1 item, the 
rro .. ll\ edition will be the loot oGid a t the pruent 
f'lttce 'The ne1t edition will cost mor«". I ura• you to 
M"nd '" •he coupon now. 

•••••••••••••••••••••• 
PELTON :>UBLISHI ... COMPANY 

J0-8 WIJeell BIIMII. M.t .... c.. .. 
I will .. allll,.. a ....., flt "'P- ot Will."' at ,..., IWt 

I a.,.. 1o remit $S ut l"mlall boollla I da,w. 

NaMe •. •.•••••••••.•..••.•••••••••••• • •• •• • ••• ~· •..•.•.• 
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with the axis of symmetry of the waves. 
At the origin the speed is infinite but crad· 
ually diminishes until a quadrant ia 
traversed, when the velocity i1 that of li~t. 
fro'!' there on it apin increases, bec:omm1 
mfinmte at th_e antipole.. Theoretically the 
en~rgy o~ thu current IS rtcowroblt in it• 
ent1rety, 1n properly attuned receivers. 

Some experts, whom I have credited with 
better knowledge, have for years contended 
that ~Y proposals to transmit power with
out wtres are sheer nonsense but I note 
that they are growi!lg !'lore cautious every 
day. The latest obJection to my system is 
found in the cheapness-of gasoline. These 
men labor under trne impression that the 
energy flows in all directions and that 
therefore, only a minute amount ean be re: 
coyer.ed in any individual receiver. But 
th1s 1s far from being so. The power is 
conveyed in only one direction, from the 
~ransmitter to the receiver, and none of it 
1s lost elsewhere. It is perfectly practicable 
to l'ecover at any point of the globe energy 
enough for driving an airplane, or a pleas
ure boat or for lighting a dwelling. I am 
esp~cially sanguine in regard to the Jightin1 
of 1solated places and believe that a more 
economical and convenient method can 
hardly be devi5ed. The future will show 
whether my foresight is as accurate now as 
it has proved heretofore. 

SHIP RADIO OPERATORS ASK 
INCREASED WAGES . 

Increased wages and the fixing of a 
standard wage scale for radio operators on 
vessels operating under Government direc
tion was asked of the Shippin.- Board re
cently by a delegation representmg the Mar
coni Radio Telegraphers' Association. The 
radio operators included in the request made 
of the Board are those on vessels operat
ing in transatlantic and Gulf waters. As· 
surances were given the radio representa
tives by Board officials that their request 
would be taken under advisement for im
mediate consideration. 
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Tesla answers Mr. Manierre and further explains the axial rotation of the moon. 

Sirs: 
In your article of February 2, Mr. Charles E. Manierre, commenting upon my art

icle in 11The Electrical Experimenter" for February, which appeared in The Tribune 
of January 26, suggests that I give a definition of axial rotation. 

I intended to be explicit on this point, as may be judged from the following 
quotation: 11The unfailing test of the spinning of a mass is, however, the exist
ence of energy of motion. The moon is not possessed of such vis viva." By this I 
meant that "axial rotation" is not simply 11rotation upon an axis 11 as nonchalantly 
defined in dictionaries, but is circular motion in the true physical se.:se - that 
is, one in which half the product of the mass with the square of velocity is a def
inite and positive quantity. 

The moon is a nearly spherical body, of a radius of about l ,081.5 miles, from 
which I calculate its volume to be approximately 5,300,216,300 cubic miles. Since 
its mean density is 3.27, one cubic foot of material composing it weighs close to 
205 pounds. Accordingly, the total weight of the satelite is about 79,969,000,000, 
000,000,000,000 and its mass 2,483,500,000,000,000,000 terrestrial short tons. As
suming that the moon does physically rotate upon its axis, it performs one revolu
tion in 27 days 7 hours 43 minutes and 11 seconds, or 2,360,591 seconds. If, in 
conformity with mathematical principles, we imagine the entire mass concentrated 
at a distance from the centre equal to two-fifths of the radius, then the calcu
lated rotational velocity is 3.04 feet per second, at which the globe would contain 
11,474,000,000,000,000,000 short foot tons of energy, sufficient to run 1,000~000, 
000 horsepower for a period of 1,323 years. Now, I say that there is not enough 
energy in the moon to run a del icate watch. 

In astronomical treatises usually the argument is advanced that 11 if the lunar 
globe did not turn upon its axis it would expose all parts to terrestrial view. 
As only a little over one-half is visible it must rotate." But this inference is 
erroneous, for it admits of one alternative. There are an infinite number of axes 
besides its own on each of which the moon might turn and still exhibit the same 
peculiarity. 

I have stated in my article that the moon rotates about an axis, passing through 
the centre of the earth, which is not strictly true, but does not vitiate the con
clusions I have drawn .. It is well known, of course, that the two bodies revolve 
around a common centre of gravity which is at a distance of a little over 2,899 
miles from the earth•s centre. 

Another mistake in books on astronomy is made in considering this motion equiv
alent to that of a weight whirled on a string or in a sling. In the first place, 
there is an essential difference between these two devices though involving the 
same mechanical principle. If a metal ball attached to a string is whirled around 
and the latter breaks an axial rotation of the missile results which is definitely 
related in magnitude and direction to the motion preceding. By way of illustration: 
If the ball is whirled on the string clockwise, ten times a second, then when it 
flies off it will rotate on its axis twenty times a second, likewise in the direc
tion of the clock . Quite different are the conditions when the ball is thrown from 
a sling. In this case a much more rapid rotation is imparted to it i n the opposite 
sense. There is not true analogy to these in the motion of the moon. If the grav
itational string, as it were, would snap, the satellite would go off in a tangent 
without the slightest swerving or rotation, for there is no momentum about the 
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axis and, consequently, no tendency whatever to spinning motion. 
Mr. Manierre is mistaken in his surmise as to what would happen if the earth 

were suddenly eliminated. Let us suppose that this would occur at the i nstant when 
the moon is in opposition. Then it would continue on its elliptical path around 
the sun, presenting to it steadi ly the face which was always exposed to the earth. 
If, on the other hand ~ the latter would disappear at the moment of conjunction~ the 
moon would gradually swing around through 180 degrees and, after a number of oscil
lations, revolve again with the same face to the sun. In either case there would 
be no periodic changes, but eternal day and night, respectively, on the sides turn
ed toward and away from the luminary. 

NIKOLA TESLA 
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The Moon's Rotation 
By NIKOLA TESLA 

SINCE the appearance of my article conclusions I have drawn. It is well sling. In this case a much mort rotfd 
entitled the "Famous Scientific Illu- known, o£ course, that the two bodies rotat.ion is imparted to it in the oppo-
sions" in your February issue, I have revolve around a common center of site sense. There is no true analogy to 
received a number of letters criticiz:· gTavity, which is at a distance of a these in the motion of the moon. If 
ing the views 1 exprest regarding little over 2,899 miles from the earth's the gravitational string, as it 'Were, 

the moon's "axial rotation." Th:ese have center. would snap, tht satellite would po off 
been partly answered by my state- in a tangent without the slightest 
ment to the New York Tribune ofF eb- .sweroing or rototiun, for there is 
ruary 23, which allow me to quote: - no t11oment o:bout the axis aml , 

In your issue of February 2, Mr. coHuqunstly, no tcndtncy wltattvtr 
Charles E. Manierre, commenting ----- .,. to spinning motion. 
l!JlOn my article in the Eltctricol , Mr. Manierre is mistaken in hit 
ExperimeP.ter for February which \ surmise as to what would happen if 
&ppeared in the T ribu11e of Janu- the ear th were suddenly eliminated. 
ary 26, suggests that 1 give a den- Let us suppose that th•s would QC4 

nition of axial rotation. ~ cur at the instant when the moon 
I intended to be explicit on this l is in oppositio fl. Then it would 

point as may be judged from the continue on its eliptical path around 
follo\ting quotation : "The unfail- the sun, presenting to it steadily 
ing test of the spinning of a mass the face which was always exposed 
is, however, the e xistence of t11tr'IJ'J to the earth. If, on the other hand, 
of Motio11. The moon ia not posest the latter would disappear at the 
of 1uch vis viva." By this I meant moment of cowj u11ction, tbe moon 
that "axial rotation" is not simply would gradually swing around thru 
" rotation upon an axis nonchalantly 180• and, after a number of oscilla-
defined in dictionaries, but is a cir- tions, revolve, again with the same 
cular motion in the true physical face to the sun. In either case 
tense-that is, one in which half there would be no periodic changes 

· tbe product of the mass with the but eternal day and night. respec-
~quare of velocity is a definite and tively, on the sides turned towards, 
positive quantity. The moon is a and away from, the luminary. 
nearly spherical body, of a radius Some of the arguments advanced 
of about l ,a!7.S miles, f rom which by the correspondents are ingenious 
I calculate its volume to be approx- If You Still Think That t he Moon Aotatoa on Ita Axla, and not a few comicaL None, how-
imately 5,300,216,300 cubic miles. Look at Thia btagram and Follow Cloaely the 8uccenlve ever, are valid. 
Since its mean density is 3.27, one Poaltlona Taken by One of the Balla M While It Ia Ao- One of the writers imagines the 
cubic foot of material composing tated by a Spoke of the Wheel. Subatltute Gravity for earth in the center of a circular or-
it weighs close on 205 lbs. Accord- the Spoke and the Anal~fldl!.olvea the Moon Rotation bital plate, having fixedly attached 
ingly,.the total weight of the satel- to its periperal portion a disk-shaped 
lite is about 79,969,000,000,000,000,000, Another mistake in books on astron- moon. in fnctional or ge.ared engagement 
and its mass 2,483,500,000,000,000,000 omy is made in considering this motion with another disk of the same diameter and 
terrestrial short tons. Assuming that equivalent to that of a weight whirled freely rotatable on a pivot projecting from 
the moon dots physically rotate upon on a string or in a slinf. In tbe fir st an arm entirely independent of the plane-
its axis, it performs one revolution in place there is an essentia difference be- tary system. The arm being held continu-
21 days, 7 hotJrs, 43 minutes and 11 sec- tween these two devices tho involving ously parallel to itself, the pivoted disk, o f 
onds, or 2,360,591 seconds. If, in eon- the same mechanical principle. If a course, is made to turn on its axis as the 
fo rmlty with mathematical principles, metal ball, attached to a string, is orbital plate is rotated. This is a well-
w·e imagine the entire mass conceh- whirled around and the latter breaks, known drive, and the rotation of the . 
trated at a distance from the center an axial rotation of the missile results pivoted disk is as palpable a fact as that 
oequal to two-fifths o f the radius, then which is definitely related in magnitude of the orbital plate. But, the moon in this 
the taltulated rota- model only revolves 
tiona) velocity is 3.04 about the center of the 
feet per second, at system without the 
which the g I 0 be WEb z· h . ' ll . _..J • l . slightest angllla1' dis-
w ould contain ll,- e aeve t e accompanyr.ng a rutratton ana ats exp anatwn placem~nt on its own 
4'l4,000,000,000,000,00C will d ispel all doubts a& to whether the moon rotate& on it& axis. The same is true 
short foot tons of tJ%U or not. Each ·of the ball&, a.t M, depict& a different po1ition o f a c a r t - w h e e I to 
energy s u f f i c i en t of, and rotate& ex4Ctly like, the moon keeping alway1 the aame which this writer re-
to r un 1,000,000,000 / t _ _ ..J ..1. the me 0 m · the th fers. So long as it ad-
horsepower . for a ace Urnt~a towar'" ce r • represe ang ear · vances on the ear th'• 
period of 1,323 years. But cu you &tudy this diagram, can you conceive that any of surface it turns 011 t11e 
Now, I say, that there the balls turn on their tl%i&? Plainly this i.s rendered physically axle in the true physi-
is ndt enough of that impossible by the spokes. But •z you are still unconvinced, cal sense; when one of 
energy in the moon M T ._, · l f · l z · f A bod its spokes is always 
to run a de I i cat e r. esw 1 expenmenut proo wa sure Y satu Y you. Y kept in a perpendicular 
watch. rotdting on its tJ%i.s mrut contain rotational energy. Now i t is a position the wheel still 

I n astronomical fact,a.tMr.Tulalhows,th4tnosuchenergyisimpartedtothe rl'volves about the 
treatisies usually the ball a.t, for imtance, to a projectile discharged from a gun.. It i.s earth's center, b11t 
argument is advanced therefore evident that the moon. in which the ,.avitational at- axial ,. 0 1 a 1 i 0 n has 
that "if the lunar co· uosrd. Tho s e who 
gfobe did not turn traction i.s substituted .for a spoke, cannoe rotate on its tJ%U or, in think that it then still 
upon its axis it would other worth, conklin rotational energy. If the earth's attraction exists are laboring un-
expose all parts to would 1uddenly cea.te and cause it to fly off in a tangent, the d·er an illusion. 
terrestrial view. As moon would have no other ener~ exce't that of tramktory An obvious fallacy 
only a little over one- Ed is invoh·ed in tht- fol-
hal£ is visible lt must movement, and it would not &pin li e the aU.- itor. towin~ abstrnct re:1gon-
rotate." But this in- ilag. The orbital plate 
ference is erroneous, is assumed to ~radually 
for it only admits of shrink, so that finally the 
one alternative. There are an infinite and direction to the motion preceding. centers of the earth ancl the satellite coin-
number of axis besides its own in each By way of illustration-if the ball is ci<le when the latter revolves simultnneously 
of which the moon mi!l"ht turn and still whirled on the string c:lockwise ten ahout its own and the earth's axis. We may 
ex hihit the same peculiarity. times per second, then when it flies off, reduce the earth to a mathematica~ point 

I have stated in my a rticle that the it w ill rotate on its axis ten times fer and the distance between the two planets to 
moon rotates aho ut an axis passing thru second, likewise in the direction o a the radius of the moon without affecting the 
the center of the earth, which is not clock. QUite different are the condi- system in principle, but a further diminuticln 
strictly true, but it does not vitiate the tions when the ball is thrown from a of the distance is mani- ( Cu111. C/11 f'. 892) 
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The Moon's Rotation 
(Continu~d from page 866) 

festly absurd and of no bearing on the 
question under consideration. 

In all the communications I have received, 
tho different in the manner of presentation, 
the successive changes of position in space 
are mistaken for axial rotation. So, for in
stance, a positive refutation of my argu
ments is found in the observation that the 
moon exposes all sides to other planets I 

. It revolves, to be sure, but none o f the 
evidences is a proof that it tums. on its 

, axis. Even the well-known experiment 
with the Foucault pendulum, altho exhib
itiiJg similar phenomrna as on our globe, 
would merely demonstrate a motion of the 
satellite about some axis. The view 1 have 
advanced is NOT :BASED ON A THE
ORY but on facts demonstrable by ~xpui
mrllt. It is not a matter of definition as 
·some would have it. A MASS REVOL V
lNG ON o!TS AXIS MUST BE POSEST 
OF MOMENTUM. If it has none, there 
is no axial rotation, all appearances to the 
contrary notwithstanding. 

A few simple refiections based on well 
establisht mechanical principles will make 
this clear. Consider first the case of two 
equal weights w and w,, in Fig. 1, whirled 
about the center 0 -on a string s as shown. 
Assuming the latter to break at a both 
weights will fly off on tangents to their 
l'irdcs or !()'r'.ttion, ami, heing an imated 
with different velocities, they will rotate 
around their common center of gravity o. 
H the weights are whirled n times per sec
ond then the speed of the outer and the 
inner one will be, respectively, V = 2 
(R + r) n and .V,~ 2'!'(R---r) n, and the 
diffe renee V ·.:...11, = 4 'IT r 11, will be the 
len~h of the circular path of the outer 
weight. Inasmuch, however, as there will 
be equalization of the speeds until the mean 

v-v, 
value is attained, we shall have --- = 

2 
2'7rrJI = 2'1Tr N, N being the number of 
revolutions pet second 9f the weights 
around their center of gravity. Evidently 
then, the weights continue to rotate at the 
original rate and in the same direction. I 
know this to be a fact from actual ex
periments. It also follows that a ball, as 
that shown in the figure, will behave in a 
similar manner · for the two half-spherical 
masses can be concentrated at their centers 
of gravity and 111 and 1111, respectively. 
which will be at a distance from o equal to 
~r. 

T his being understood, imagine a number 
of halls M carried by as many spokes S 
radiating from a huh H, as illu~trated in 
Fig. 2, and let this system be rotated n 
times per second around center 0 on fric
tionless bearings. A certain amount of 
work will be required to bring the struc
ture to this speed, and it will be found that 
it equals exactly half the product of the 
masses with the square of the tangential 
velocity. Now if it be true that the moon 
rotates in reality on its axis this m"Ust also 
hold good for EA CH of the balls as it per· 
f orms the same kind of movement. There
fore, in imparting to the system .a given 
velocity, energy must have been used up in 
the axial rotation of the balls. Let M be the 
mass of one of these and R the radius of 
ln'ration, then the rotational energy will be 
E = Y.M (2'1TRn)". Since for one com
plete turn of the wheel every ball makes 
one revolution on its axis, according to 
the ~revailing theory! the. energy of axial 
rotatiOn of each ba I wtll be e = Y.M 
(2'71' ,-,n)', r1 being the radius of gyration 
about the axis and equal to 0.6325 r. We 
can use as large balls as we like, and so 
make e a considerable percentage of E and 
yet, it is positively established by experi
ment that each of the rotating balls contain 
only the energy E, no power whatever being 

consumed in the supposed axial rotation, 
which. is, consequently, wholly illusionary. 
Something even more interesting may, how
ever, be stated. As I have shown before, 
a ball flying off will rotate at the rate of 
the wheel and in the same direction. But 
this whirling motion, unlike that of a pro
jectile., neither adds to, nor detracts from, 
the energy of the translatory movement 
which is exactly equal to the work con
sumed in giving to the mass the observed 
velocity. 

From the foregoing it will be seen that 
in order to make one physical revolution on 
its axis the moon should have twice its 
present angular velocity, and then it w<'uld 
contain a quantity of ·stored -energy as given 
in my above letter to the New York T~ib
un~, on the assumption that the radh.1s of 
gyration is 2/5 that of figure. This, of 
course, is uncertain, as the distribution of 
density in the interior is unknown. But 
from the character of motion of ~he satel
lite it may be concluded with certitude that 
it is dtvoid of mom.entum about its oris. 
If it be bisected by a plane tangential to the 

Olag~am llluet~atlng the Rotation of Weights 
Th~own Off By Cent~ltugal Force. 

orbit, the masses of the two halves are 
inversely as the distances of their centers 
of gravity from the earth's center and, 
therefore, if the latter were to disappear 
suddenly, no axial rotation, as in the case 
of a weight thrown off, would ensue. 

WHAT IS MAN? 
A man weighing 150 pounds will contain 

approximately 3,500 cubic feet of gas,
oxygen, hydrogen an·d nitrogen in his con
stitution. which at eighty cents per thousand 
cubic feet would be worth $2.80 for illumi
nating purposes. He also contains all the 
necessary fats to make a 15-pound candle, 
and thus, together with his 3,500 cubic feet 
of gases, he P.ossesses considerable illumi
•UJiillg possibilities. His system contains 
22 pounds and ten ounces of carbon, or 
enough to make 780 dozen, or 9,360 lead 
pencils. There are about fifty grains of 
iron in his blood and the rest of the body 
would supply enough of this metal to make 
one spike large enoug h to hold his weight. 
A hea lthy man contains 54 ounces of phos
phorus. This deadly poison would make 
800,000 matches, or enough poison to kill 
five hundred persons. This, with two ounces 
of lime, make the stiff bones and brains. 
No difference how sour a man looks, he 
contains about 60 lumps of sugar of the 
ordinary cubical dimensions, and to make 
the seasoning complete, there are 20 spooll
fuls of salt. If a man were distilled into 
water, he would make about 38 quarts, or 
more than hal£ his entire weight. He also 
contains a great deal of starch, chlorid of 
potash, magnesium, sulfur, and hydro
chloric acid in his wonderful human sys
tem. 

Break the shells of 1,000 eggs into a huge 
pan or basin, and you have the contents 
to make a man from his toe-nails to the 
most delicate tissues of his brain. And this 
is the scientific answer to the question, 
"What is Man?" 
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The Moon's Rotation 
By NIKOLA TESLA 

In this articlr Dr. Tesla prot•es conclusivtly by theo~y oud experi'!'eut that all the kiuttic energy of a.rotat(ng mass is pvrtly tro"-Slo
tiolfol a11d tl1at tile moon co11tain.s absolutely no rotational euergs, 111 other v:ords, dots not rotate on 1ts a.ns.-EDITOL 

I N revisin!f my article on "The Moon's 
Rotation' 1 which appeared in the April 
issue of the ELECTRICAL EXP£JliM£NTER, 
I appended a few remarks to the orig
inal text in further support and eluci-
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F ig. 1. In Determining the Kinetic Energy 
of a Rotating Maee, Thle Figu re Showe the 
&election of a Number of Pointe Taken With· 
In the Streight Rod or Ma .. M, at Succe .. lve 
Dlatancee f rom the Axle of RoUtlon 0 , 
K nowing The•• Valuea and the Sp"d of Ro. 
tatlon the Kinetic Ener gy ot the Mall 11 

Readily Computed. 

dation of the theory advanced. Due to the 
printer's error these were lost and, in con
sequence, I found it necessary to forward 
another communication which, unfortunate
ly, ·was received too late for embodiment in 
the May number. :\leanwhile many letters 
have reached me in which certain phe
nomena e resented br rotating bodies, as the 
moon's hbrations o longitude, are cited as 
evidences of energy due to spinning motion, 
i. e., proofs of axial rotation of the satellile 
in the true physir.al sense. J tru•l th:tt lht· 
following ampliliect ~lat<'ml·nt will meet all 
of the objections raised anct converl to my 
views those who are still unconvinced. 

T he kinetic energy of a rotatin!f mass 
can be determined in four ways wh1ch are 
illustrated in diagrams, Figs. 1, 2, 3 and 4 
and may be found more or less suitable. 

Referring to Fig. 1. the method consists 
in selecting judiciously a number of points 
as o., o., o.. etc., withan the straight rod or 
mass ~1. respectively at distances r., r,, r., 
etc., from the axis of rotation 0 and cal
culating the square root of the mean square 
of these distances. Its value being R., de
noted radius of gyration, the tffalivt ve
locity of the mass at n revolution.; per sec
ond will he V. = 2'7TR.n and its kinelic 
energy_ E = 0 M V.' = 0 M (2 'ITR.n)'. 

In Fig. 2 the mass M, rotatin~e 11 tim('S 
per second about an axis 0 at r igh l angles 
to the plane of the paper, is divided into 
numerous elements or small parts, most 
conveniently very thin concentric laminae, 
as 1,, 1., 1, etc., at distances r ,, r:, r ,, etc., 
from 0. Since the kinetic energy of each 
part is equal to half the product of its mass 
and the square of the velocity, the sum of all 
these elemental ener~ies E = 0 :f m V' = 
0 m, v.· + !,S m: v. + !Ia ms v.· + ..... . 
= 0 m, (2 ,..r,n)1 + 0 mo (2 11'r,n) 1 + !Ia 
rna (2 ,..r.n)1 + ....... 

A different form o f expression for the 
energy of a rotating body may be obtained 
by determining its moment of inert ia. For 
this purpose the mass M (in Fig. 3), ro
t:lting n times per second about an axis 0, 
is separated into minute parts, as m,, m,, m., 
etc., respectively at distances r,, r .. rs, etc., 
from the same. The sum uf the !Jlroducts 
of all these small masses and the squares 

of their distances •s the moment of inertia 
I, and then E = 0 I "''• "' = 2 .... n being 
the angular velocity. 

It is obvious that in all these instances 
many points or elements will be required 
for great accuracy but, as a rule, very few 
are sufficient in practice. 

Still another way to compute the kinetic 
energy is illustrated in Fig. 4, in which case 
the quantity I is given in terms of the mo
ment of inertia I . about another axis paral
lel to 0 and passi_ng thru the center of 
gravity C of mass M. In conformi~y with 
this the energy of motion E = Y. M V' + 
0 I. '-'2 in which equation V is the velocity 
of the center of gra,·ity. 

The preceding is deemed indispensable as 
I note that the correseondents, even those 
who seem thor ol)' famtliar with mechanical 
pr inciples, fail to make a distinction be
tween theoretical and physical truths which 
is essential to my argument. 

In estimating the kinetic energy of a ro
tating mass in any of the ways indicated 
we arrive, thru suitable conceptions and 
methods of approximation, at expressions 
which may be made quantitatively precise 
to any desired degree, but do not t ruly de-

0 

Fig. 3. Another Form of E xpre .. lon for the 
Ener gy of a Rotating Body May Be Obtained 
by Determining lte Moment of Inerti a . Hare 
the Maaa M le Subdivided Into Minute Parte 
m,. m,, m., . ... etc. The Sum of the Prod. 

~~~ir 0b1I:'ae,::ea Mr_••:~. a~~~:.:t !~~~~~!:ti:~ 
Which with the Angular Spftd, Give• the 

Kinetic Energy E. 

fine the actual condition of the body. To 
illustrate, when proceeding according to the 
plan of Fi~. 1, we find a certain hypothetical 
velocity wtth which the en1ire mass should 

F ig. 4. In thle c ... the Motion le A .. olved 
Into Two Separate Componenta-Ona Trane· 
latlonal About 0 and the Other Rotational 
About C. The T ota l Kinetic: Energy of t he 
Ma .. Equale the Sum of T heH Two Energlee. 

move in order to contain the same ener~. 
a state wholly imaginary and irreconcilable 
with the actual. Only. when all particles of 
the body have the same velocity, does the 

.... 

~~9fl!ea I tp.~h ~·.c~~~~ ~:o~a~n M;,x':'eo'a~i~: 
D ivided Into Numeroue E le ment• or Sma ll 
P arte at Va rioue Radii from 0 . Knowing the 
Kinetic Energy of Each Part, the Whole 
Kinetic Energy of the Maee le Eaelly Deter
mined by TalclnQ a Summation of the lndl· 

vidual Quantltlee. 

product 0 M v• specify a physical fact and 
ts numerically and descriptively accuratt>. 
Still more remote from palpable truth is 
the equation of motion obtained in the 
manner indicated in Fig. 4, in which the 
first t erm represents the kinetic ('nergy of 
1ranslation o{ the body as a whole and the 
second that of its axial rotation. The for· 
mer would demand a mo,·ement of the mas
in a clc.-linite path and direction. all particle~ 
h:winl:' tht• ~a me nlc'K'ity, the latter its sinml
l:tlll'"ll' moti .. n in ;uullhl·r path ami dire,·· 
tiun, the partid('s having difTer('nt n·locitics. 
This abstract idea of angular mnlion i> 
chielly responsihle for the illusion nf the 
moon's axial rotation, which I shall en
dea,·or to dispel by a dditional evidenc<'s. 

\\'ith this object attention is called '" 
Fig. 5 showing a system composed of eight 
balls M. which are carried on spokes S. 
radiating from a hub H. rotatable around 
a central axis 0 in bearings supposed to be 
fr ictionless. It is an arrangemt'nt similar 
to that before illustrated with the exception 
that the halls, instead of forming parts of 
the spokes, are supporl<'d in screw pinlts .(, 
which are normally loose but can he tight· 
<'llt'cl so :ts to Jl<'rmit l~tllh f rt.'t' turnin~t aucl 
ri~o:id fixing as may he desired. To facili
lalc ohscrvation tht" spukes are pwvidea 
with radial marks and the t.•wcr :\ides of 
the balls a re shaded. Assume, first. that 
the drawing depicts the state of rest. the 
balls being rotatable· without friction, and 
let an :tngular \'elocily "' = Z .. n be im· 
parted to the system in the cltlckwise direc
tion a s indicated by the long- solid arrow. 
Viewing a ball as M, its successive positions 
1, 2, 3--8 in space, and also relatively to 
the spoke, wilf be just as drawn, and it 
is evident from an inspection of the dia
gram that while modng with the an~ular 
velocity "' about 0, in the clockwise direc
tion, the ball turns, with respect to its axis, 
at the same angular velocity but in the op
position direction, that of the dotted ar· 
row. The comhined result of 1hese two 
motions is a translatory movement uf thr 
b~tll s uch that a ll particles are animated 
with ·the same \'t'locity \', which is that of 
its centl'r of l{ravity. In thi~ .:ast', .:rantc:l 
that thl're is absolutely no frictiun thl' 
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kint'tic energy r> f each hall will be 
1--iven by the product o f )1$ M V: not 
approxim:llely, lntt with mathl·matical 
rigor. If now the pivots are screwed 
tight and the balls fixt rigidly to the 
!'pokes, this angular motion relatively 
w their axes hecomes physically im
pvssiblc and then it is found that the 
kin<"tic <·ncrgy o f t'ach hall is in
crca~l·d, the increment heinll: exactly 
the ent'r).:\" u"f rotat ion o f the hall oo 
its ;~xil'. · This fact. which is burnt 
l llH hoth lo)' theory and experiment, is 
tlw foundation uf the ll:eneral notion 
that a gyrating body-in this instance 
hall :'.!-presenting always the same 
face towards the center of motion, 
a.ctrcallv rotates upon its axis in the 
same s"en~e, as indicated by the short 
full arrow. But il dot•s 1101 1110 to 
thr ,._,.,. it srrms so. The {allacy will 
become manifest on further inquiry. 
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To hel!'in with, observe that when 
a ma~s. say the armature of an elec
tric motor, rolaring with the angular 
velocity w, is reversed, its ~peed is 
- <» and the difference "' - - (- «') = 2 "'· Nuw, in fixing the ball to the 
spoke. the change of an~-:ular velot· ity 
is only "'; there fore, an additional 
velocity "' would have to be imparted 
to it in order to cause a clockwise 
rotation of the ball on its axis in the 
true llil!'nificanC'e of the wo rd. The 
kinetic ener,zy would then be equal to 

F l\ 5. Thle Diagram Rapreeente a Syetem Compoaad of 

~en~!~ ~· ~ah;1e:a~~ :~k~re!l an~o~~.t:1~n~n "'Pi~::! 

about the parallel axis paslling thru 
C and equal to ~ M i' so that E = 
0 M (2,.. R n ) ' + _l1 M r (2,.. n)'. 
Neither of these two expressions for 
E descr ibes the actual state of the 
body but the first is certainly prefer
able conveying, as it does, the idea of 
a single motion instead of two, one 
of which moreover ;s devoid of ex
is tence. I shall first undertake to 
<lemonstrate t hat there is no torque 
11r rotary effort ahou\ center C and 
that the kinetic energy of the sup
posed axial rotation of the ball is 
mathematicall)• equal to zero; This 
makes it necessary to consider the 
two halves separated by the tangen
tial plane P/1 wholly independent from 
one another. Let c, and c, be their 
centers of gravity, then Cc, = Ccs = ~ r. In o rder to ascertain the 
kinetic energy of the hemispheres we 
have to find their radii of gyration 
which can be done by determining the 
moments of inertia Ic, and Ic. about 
parallel axes passing thru c, and c .. 
Complex calculation will be .avoided 
],y remembering that the mot'nent of 
inertia "(){ either one of the half 
spheres about an axis thru C is Ic 
"= Y. X ~ M r', = ~ M r , and 
since M = 2 m, Ic = ~ m ~- This 
can be exprest in terms of the rno· 
ments Ic, and 1c,; namely, lfi = I., + 
m (~ r ) ' = I·•+ m (~ r ) . Hence 

Which Can Be Tightened. With ~hie Model the Fallacy 
of the Moon'• Rotation on Ita Axle Ia Demonatrable. 

the sum u f the t'nergies of the translat<>ry 
:tnd axial mutiun~- nut merrly in the ah
~tract mathematical meaning, lmt a s a phy
sical fact. I am well aware that, according 
to the prevailing opinion, when the ball is 
free on the pivots it does not turn on its 
axis at all and only rotates with the anl!'n
lar vt!locity o f the frame when ri!!idly at-

1---·- ·-
Fig. 6 . Diagr am Showing a Ball Having 
Maas M, of Radius r. Rotating About Center 
O, and Ueed In the Theoretical Artalys le of 

the Moon'• Motion. 

tached to the same, but the tru th will ap
pear upon a closer examination o f this 
kind o f mo,·~mcnt. 

Let the svstcm he rotated as first assumed 

those (larts of the masses which are ne.arer 
h> the c-enter of mot ion, uf sume kinetic en
ergy of translation while adding to the en
ergy of those which are farther and, obvi
ously, the gain was greater than the loss so 
that the effective velocity of each ball as a 
whole was increased. Ou/y so have we aug
mented the kinetic energy of the system, not 
hy causing axial rotation "of the balls. The 
energy E of each of these is soltl),• that of 
translatory movement with an effective ve
locity V. as above defined such that E = 
Y. M V •. •. The axial rotations of the hall in 
either direction are but apparent; tllr y hav e 
110 rrality whatever and call for no mechani
cal effort. It is merely when an extraneous 
force acts independently to turn the whirl
ing body on its axis that energy comes into 
play. Incidentally it should be pointed out 
that in true axial r otation of a rigid and 
homogenous mass all symmetrically situated 
particles contribute equally to the momen
tum which is not the case here. That there 
exists not even the slightest tendency to 
such motion can, however, be readily estab
lished. 

For this purpo~e I would refer to Fi~~:. 6 
~howin~ a ball M of radius r, the center C 
o f which is at a distance R from axis 0 and 
which is bisected by a tangential plane pp as 
indicated, the lower half sphere being shaded 
for distinction. The kinetic energy of the 
ball when whirled n times per second a bout 
0. is according Jo the first form of express! on 
E = Y, M V. = 0 .M (2 ,.R. n )', M bemg 
the mass and R. the radius o f gyration. But, 
as l'xplained in connection with Fig. 4, we 
have also E = Y, MV'+ Y, I • ...-,v = 2,. R n 
being the veloc;;i ty of the center of gravity 
C an d J, the moment of inertia o f the ball, 

l c, = lc. = Ic - m (~ r)' = ~ m r-
9/64 m r' = 83/JlO tn r'. Following the 
same rule the moments of inertia of the 
half spheres about the axis passing thru the 
center of motion 0 can be found. Designating 
the moments for the upper and lower halves 
o f the ball, respecti vely, Io, and lo-. we 
have Io• = m (R + ~ r)' +I.,= m "(R 
+ ~ r )' + 83/320 .m r' and Io-. = m t R 

... ~- m 
l ·--. 

,... !-- - , ·---

JL 
l'i . 7 

Fig. 7 . Here Two Maeeee m-m, Are Con 
a ldered ae Condensed Into Point•, Attached 
to Welghtle .. String• of Different Radii. If 
Both Strlnge Are Cut, and the Ma eae• Con
eldered as Joined, Then There W ill Ba No 
Rotation About the Common Center of 

Gravity. 

- ~ r ) I + r •• = m ( R - ~ r ) t + 83/ 320 
m r•. Thus for the ppper half s;>here the 
radius of gyration R. , = 

rro;-mo• - r(_R_+-~-r-)'-
"\}-;;; = + 83/320 r' 

and for the lower one R~, = 
~ f<R- ~ r ) ' 

\)-;;; =- \) + 83/320 r• 

:111d illustrated. the balls being 
perfectly free on the pivots. an<! 
imagine the latter to be grad\1-
ally tightent'd to can~c fri ction 
~lowly reducing and linally pre
venting the ~liJl. At the Olltset 
;~II particles of r a ch hall kwe 
been movinl{ with the speed of 
its center of j!ravity, hut as the 
hearing resistance asserts it~elf 
mort' and more the translatory 
,·elncitr o f the particles nearer 
to the axis 0 will be diurillis llillg, 
while that of the diametrically 
opposite ones will h e i~r rreasi11g, 
until the maxima of these 
chan j!t'S arr attained when the 
balls are firmly held. In th is op
eration we have thus deprived 

~lg. 8. T o Make the Problem Shown In F'lg. 1 Clea r , Imagine Two 
Rifle Barrel• Pcra llel to Each Other. If Two Balle M. M Are Fired 
Slmultaneouely, Jo ined by a Theoretical Bond, They Will Revolve 
About Their Common Center of Gravity, Proving That the Moon 

Poeae saee Only Kinetic Energy of Tranalatlon. 

These are the distance< from 
center 0, at which the ma~ses of 
the half sphrres may he con
centrated and then the al~ebraic 
sum of their energies-which are 
wholly translatory those of axial 
rotation being nil-will bl:' exact· 
ly equal to the total kinetic en
ergy of the ball as a unit. The 

(Conti1rru-d 011 page 156) 
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The Moon's Rotation 
By Nilrola Te•la 

(Continued from page 133) 

significance of this will be understood by 
reference to Fig. 7 in which the two 
masses, condensed into points, a re repre
sented as attached to independent weight
less strings of lengths R,, and R •. , which 
are purposely shown as displaced but . 
shonld he imagined as coincident. It will 
be r,eadily seen that if both strings are cut 
in the same instant the masses wilt tly off in 
tangents to their circular orbits, the angular 
movement becoming rectilinear without any 
transformation of energy occurring. Lt't 
us now inquire wha.t wilt happen if the two 
masses are rigidly joined, the connection 
being assumed imponderable. Ht'rr tw 
come to tlze real buy i11 the q11r.rtiou tmdc•r 
dismssion. Evidently, so long as the whirl
ing motion continue s, and both the masses 
have precisely the same angular ,·elocity, 
this connecting lin!k will be of no effect 
whatever, not the slightest turning effort 
about the common center of gravity of the 
masses or tendency of equalization of ener
gy between then;~ will exist. The moment 
the strings are broken and they a re thrown 
off they will begin to rotate but, as pointed 
out before, this motion neither adds to or 
detracts from the energy stored. The ro
tation is, however. not due to an exc:lu
sive virtue of anaqlar motion, but to the 
fac:t that the tancential veloc:itiea of t he 
maues or parts of the body thrown off 
are different. 

To make this clear and to investigate the 
effects produced, imagine two rifie barrels. 
as shown in Fig. 8, placed parallel to t·ach 
other with their axes separated by a dis
tance R., - R •• and assume that two balls 
of same diameter, each having mass m. are 
discharged with muzzle velocities V, and 
V ,, respectivdy equal to 2 ., n R,, and z., n 
R., as in the case j ust considered. If it be 
further supposed that at the instant of lea\·· 
ing the barrels the balls are joined by a 
rigid but weightless link thef will rotate 
about their· common center o graYity and 
in accordance with the st atemeut in my 
t•rev,ious article ab'"·e mentioned, the rela-

V,-V, 
tion will exist----= ., n (1{,.- R11) z 
n heing the number of re,·olutions P.er sec
ond. The equalization of the speeds and kin
etic energies of the halls will be, under these 
cirCLtmstances, Yery rapid but in two heav
enly bodies linkt'd by gravitational attrac
t•ion, the process might require ages. Now, 
this whirling movement is real and requires 
energy which, obviously, must be derived 
from that originally imparted and, conse
quently, must redttce the velocity of the 
balls in the direction of fiight by an amount 
which can be easily calculated. At the 
moment of discharge the total kinetic ener
gy was E = Y. m v,• + Y. m V,' which is 
t•vidently equal to 111 V?. V, bein~ the ef
fective velocity of the tcnnmon ccntt·r of 
gravity, f rom which flllluws that ,., :::: 

f"•' +2 V/. '\J The ~~~~etl uf ren>lution of 

\',- \', 
the 1nasses is, c,f C·ottr:O:t\ and the 

2 
rotational energy of hoth halls,(\'!,•~~·h \•.:11)1s1 

he considered as poi11ts, is e = m - --/.-· · 

The kinetic energy of tramlation in the 
direction of flight is then y. m v.· + !~ m 

(v.-v.)" (v. + v,)' 
V.' - m ---- = m ~ m 

2 ~ ,., + \'~ 
V.', \', = ---- heing the speed of the 

2 
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common ctnter of gravity, so that Va - V, 
is the loss of veloci_ty in the direction of Right 
owing to the rotation of the two mass points. 
If instead of these we would deal wtth the 
balls as they are, (tt~i+ r\·:a)ti,onal. energy 

e,=e+iw'= m - 2- - +i(l,.n)' 

i being the moment of inertia of each hall 
about its axis. 

As will he seen. we arrive at precisely th<· 
same results whether the movement is recti
linear or in a circle. ln both cases the total 
kinetic energy can Le divided into two 
parts, respectively of the same numerical 
values, but titffc is all esu"tial differe"ce. 
In angular motion the axial rotation is noth· 
ing more than an abstract couception; in 
rect ilinear movement it is a positio.·c evrnt. 

Virtually all satellites rotate in like man· 
ner and the probability, that the accelera
tion or retardation of their axial motions
if they ever existed-should come to a stop 
precisely at a definite angular velocity, is in· 
finitesimal while it is almost ab!olutely cer
tain that all movtment of this kind would 
ultimately ceast. The most plausible view is 
that no true moon has ever rotated on its 
axis, for at the time of its birth there. must 
have bct'n some deformation and displace
ment of its center of gravity thru the at
tractive force of the mother planet so as to 
make its peculiar position in space, relatin~ 
to t.he latttr, in which it persists irrespective 
of distance, more or less stable, In ex· 
11lanation of this, !'llflflO~e that one of the 
hall~ u~ M in Fifo:' 5 is not of homo~tenous 
material aud that it is ~imilarly supported 
hut on an axis passing thru its center of 
j.('ra,•ity •instead of form. Then, no matter 
in what position I he ball is fixed on the 
I>ivots, its kinetic enercy atld centrifu~tal 
pull will be the same. Nevertheless a di
rect ive tendency will rxist as the two cen
ters do not coincide and there is, conse
quently, no dyuanric balance. When per
mitted to turn freely on the axis of gravity 
the body, of whatever shape it may be, will 
tend to place itself so that the line join1n~t 
the two centers points to 0 and there may 
be two positions of stability but, generally, 
if the center of $ravity is not greatly dis· 
placed, the heavter ~tde will swing out· 
wardly. Such condition may obtain in the 
moon if it had solidified before receding 
from the earth to great distance, when the 

( Coutiuurd 0 11 pogr 160) 

POPULAR 
ASTRONOMY 
The Evolution of 

the Stars 
( Conlillltl'd fr(lm f'tl!f•' L21) 

Canopus. one of the siants of the uniyerst:. 
The transitiou of thts type into the solar 
t}']>C stars of class G. to which our sun be
longs. occurs when the group of iron lines 
known as group G begins to appear (see 
diagram 1). The lines of calcium and hy· 
dro~cn still remaiol more intense than any 
other lines in the spectrum, but many fine 
metallic lines now appear in ever-increasiul! 
intensity. The transttion of this type into 
the ad,·anced solar type K occurs when 
some of the metallic lines surpass the hy
dro~cn lim•s in intensity. The group of 
iron lines has also great ly increased in in
tensity until it becomes one of the most 
conspicuous features of the K type stars. 
Stars of the solar type such as Capella ancl 
the sun are yellow, and stars of the ad
vanced solar type, such as Arcturus and 
Aldebaran. are orange colored horderinR on 
red. Their atmospheres are filled with 
dense metallic vapors. (See photos of solar 
and advanced solar t)']>e spectra.) 

Class M is divided into gianJ and dwarf 
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The Moon~'s 
Rotation 
By Nikola Teala . 

(Co11tion4cd from page 157) 

arrangement of the masses in its interior 
became subject to gravitational forces of 
its own, vastly greater than the terrestrial. 
It has been suggested that the planet is 
egg- shaped or ellipsoidal but the departure 
from spherical form must be inconsider
able. It may even be a per fect sphere with 
the centers of grav1ty and symmetry coin
ciding and stilJ rotate as it does. \Vhatever 
be its origin and past history, the fact is, 
that at present all its parts have the same 
angular velocity as though it were rigidly 
connected with the earth. This state must 
endu re forever unless forces from without 
the luna•terrestrial system bring about dif· 
ferent conditions and thus the hope of the 
star-gazers that its other s-ide may become 
visible some day must be indefini.tely de
ferred. 

A motion of thi.s character, as I have 
shown, precludes the possibility of axial 
rotation. The easiest way to free ourselves 
of this illusion is to conceive the satellite 
subdivided into minute and entirely inde
pendent parts, as dust particles, which have 
different orbital, but rigorously the same 
angular, velocities. One must at once 
recognize that the kinetic energy of such an 
a~glomeration is solely translational. there 
being absolutely no tendency to a.xial ro
tation. This makes it also perfectly clear 
why the moon, provided ih distance does 
not greatly .increase, must always turu the 
same face to us even without a11v inherent 
directive /eudCIIC)' nor SO much as the 
slightrst effort frotu the earth. 
Referrin~ to the Jibrations of Jonll:itude, 

I do not see that they have any bearing on 
this question. In astronomical treatises the 
axial rotation of the moon is accepted as a 
material fact and it is thought that its angu
lar velocity is constant while that of the 
orbital movement is not, this resulting in an 
apparent oscillation revealing more of its 
surface to our view. To a degree t his may 
he true, hut I hold that the mere chan!:t.' 
of orhital velocity, :as wiJJ be evident from 
what ha~ been stated before could not 
produce these phenomena, for no matter 
how fast or slow the gyration. the posi
tion of the body relative to the center 
of attraction remains the same. The real 
cause of these axial displacements is the 
changing distance of the moon from the 
earth owin~t to which the tangential com-

ronents o £ ,·clocity of it$ parts are varied. 
n apogcr, when the planet recedt's, the 

radial component of velocity decreases 
while the tangential increases but, as the 
decrement of the former is the same for all 
parts, this is more pronounced in the re
gions facing the earth than in those turned 
away from it, the consequence being an 
axial displacement exposing more of the 
eastern stde. In p.tr~et, on the contrary, 
the radial component tncreases and the ef
fect is just the opposite with the result that 
more of the westem side is seeu. The 
moon actually swings on the axi~ passing 
thm its center of gravity on which it is 
supported like a ball on a string. The 
forces involved in these pendular move
meritS are incorrtparably smaller than those 
required to effect changes in orbital ve
locity. If we estimate the radius of ll)' ra
tion of the satellite at 600 miles and its 
mean distance from the earth at 240,000 
miles, then the energy necessar)' to rotate 

(

it ~e )it~ a ~onth would be only 

- --- =---of the kineti~ energy 
240.000 160,000 

of the orbital movement. 
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ReoonstPUction 
July, 1919, pp. 196-198 

NIKOLA TESLA TELLS HOW WE MAY FLY EIGHT MILES HIGH AT 1,000 MILES AN HOUR- by 
Nikola Tesla 

In an interview with Frederick M. Kerby. 
As the inventor of the alternating current, the world is indebted to Mr. Tesla 

for the use of electricity carried long distances. He now discusses the probabil
ity that airplanes will rise to great heights and travel at speeds that seem incred
ible. This article is written, in part by Mr. Tesla himself. The rest is written 
from stenographic notes. It gives, very likely, a glimpse of the immediate future. 

Sitting in his office on the twenty-fifth floor of the Woolworth Tower, Mr. J. 
Pierpont Jones, American business man, will one day glance at his watch and discov
er it is 3 o'clock in the afternoon. 

11 By George," he will say, buzzing for his secretary, "If I don't hurry I'll be 
late for that dinner engagement at the Savoy!" And as his secretary answers the 
buzzer: 

"Charles, when does the next Lo'ndon bus leave? 11 

11Three-thirty, sir," says Charles. "You can make it if you hurry. The car is 
waiting." 

And fifteen minutes later Mr. J. Pierpont Jones will emerge from the elevator on 
the aeronautic landing stage of lower Manhattan, climb into the hermetically sealed 
steel fuselage of the New York-London Limited, whi ch will rise promptly at 3:30 
p. m. At seven that night he will climb out of his compartment on the landing stage 
on the Thames Embankment, and descend to meet his friend for dinner. 

The three-hour aeroplane trip from New York to London, flying above the storm 
level at eight miles above the earth's surface is the possibility of the immediate 
future. 

This is not my own prediction. It is the result of sixteen pages of close cal
culations in higher mathematics made by Nikola Tesla, to test and check up other 
pages of intricate calculations made by Samuel D. Matt, charter member of the Aero 
Club of America. 

Mr. Mott asserts that the three-hour trip to London from New York is a question 
of rising into rarefied air where the air pressure is only one-fifth what it is at 
the earth's surface, at which point the "altiplane", as he has named the flying 
machine of the future, may be expected to fly five times as fast as at the earth's 
surface. And if the speed of the aeroplane is increased not five times but only 
one-fifth, Mr. Matt says the trip will be made anyhow in the rarefied air eight 
miles above the earth's surface in not more than twelve hourse running time. 

And Nikola Tesla agrees that taking a plane to such an altitude must result in 
great increase in speed, although he does not wish, in the absence of exact know
ledge of certain factors enteri ng into the problem, to predict exact speeds. 

Speaking before the Pan-American Aeronautic Convention at Atlantic City, rtr. 
Matt asserted that in order to avoid being weather-bound as were the aviators at 
Newfoundland, it will be necessary to construct planes that will rise above the 
storm 1 imit. 

"I submit," he said, "that waiting indefinitely for ideal weather conditions for 
1 ong-di stance flying over 1 and or sea wi 11 not do for the demands of commerce. 
Therefore I would bring to your attention the possibilities from the airplane or 
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or hydroplane, to go into the stillness of nature above the weather. 
What The Problem Is 

11 The problem is evidently one of equipment of our planes to function in rarefied 
air, and protection of navigators against its tenuity; likewise protection of their 
body wannth and comfort in extremes of temperature. How high we may go no one may 
know until tested. Personally I believe it possible to go fifteen or twenty miles 
aloft, if necessary. It is obviously a matter of equipment plus climbing ability 
of aircraft designed for the purpose. 

"What is the object of high flying? Daily experience . shows us that high speed 
and density are incompatible. We know that we must furnish aircraft with four 
times the power to go twice as fast, and the marine engineer knows that he must 
furnish eight times t he power to go twice as fast. In other words, from the ulti
mate height of the air to the earth's core pressure is progressive . Thirty-three 
feet below the ocean's surface the pressure doubles. For every 1,000 feet ascent 
the pressure diminishes roughly one-half pound per square inch. The pressure two 
mi l es high is 9.8 pounds per square inch; at one mile high, 10.88; at three-quar
ters of a mile, 12.06; one-half mile, 13. 33; one-quarter mile, 14.2, and at sea 
level, 14.7 pounds, or, in round numbers, 15 pounds per square inch. 

11 The unknown factor in the high altitude problem is this: Will an altiplane in 
one-fifth density (eight miles high), with equal push, go five times faster or one
fifth faster? The rest is a matter of simple equipment and good construction. In 
either case the gain is substantinl. If the former were true a voyage between New 
York and London can be made in about three hours by going eight miles high. If the 
latter is true the same voyage can be made in about twelve hours running time, as
suming a s~rface speed of 200 miles an hour, which is practically a question of 
power. 

"To my mind it is plain that the high altitudes will be determining factors in 
long distance flying . Greater speed, greater distance, more comfort and less dan
ger because when we double the time to do a risky thing we double the risk incur
red; less gasolene, less weight and expense, for if environment permits us to go 
100 miles with twice the fuel we formerly used to go twenty-five miles our economic 
gain is obviously 100 per cent, because we may then go 100 miles with the amount of 
fuel we formerly consumed to go fifty miles . 11 

That aerial navigation at higher altitudes will undoubtedly result in great in
crease of speed is also t he opinion of Nikola Tesla, to whom I took Mr. Matt's con
clusions in order to get the opinion of this man who has made a life-time study 
of the air as a medium for the transmission of electrical ·energy . 

"In the propulsion of aerial vessels problems are involved entirely different 
from those presented in the navigation of the water," said Tesla . "The atmosphere 
may be likened to a vast ocean, but if one imagines a submarine vessel constructed 
like an aeroplane one immediately realizes how inefficient it would be. The energy 
used in propelling a body through a medium of any kind is wasted in three different 
ways; first, by skin friction; second, wave making; third, production of eddies. On 
general principles, however, the resistance can be divided into two parts: one 
whi ch is due to the friction of the medium and the other to its stickiness, or vis
cosity, as it is termed . The first is proportionate to the density; the second to 
this peculiar property of the fluid . 

11 Everybody will readily understand that the denser the medium the harder it is 
to push a body through it, but it might not be clear to every person what this other 
resistance - this viscosity - means . This will be understood if we compare, for 
instance, water and oil. The latter is lighter, but much more sticky, so that it 
is a greater obstacle to propulsion than water. Air is a very viscous substance 
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and that part of resistance which is due to this quality is considerable. We must 
take this latter resistance into account in calcu l ating how fast an aeroplane could 
fly in the upper reaches of the air. 

"Now, the idea is to fly at a great height where the air is rarefied, and there
fore much less power is required to propel the machine through it. If we take the 
pressure at sea-level at 14.7 pounds and the temperature at 15 degrees centigrade, 
then, without introducing several corrections that would make for greater accuracy, 
the pressures at different heights are about as follows: At 1,000 feet above sea
level, 14.178 lbs.; at one-mile, 12.1457 lbs.; at two miles, 10.035 lbs.; at eight 
miles, 3.1926 lbs.; at fifteen miles, 0.8392 lbs. and at twenty miles, 0.323 lbs. 
Condition Eight Miles Up 

"According to these figures that I have worked out, at a height of eight miles 
the density of the air is 0.2172 or about 22-lOOth of that at sea level; at fifteen 
miles it is 0.057, and at twenty miles only 0.0219, or nearly 22-lOOOth of that at 
sea-level. 

"Let us suppose then that an aeroplane rises to a height of eight miles where 
the pressure of the air will be only 3.1926 lbs., or, in other words, the density 
0.2172 of that at sea-level. Since, as pointed out, the purely frictional resis
tance is proportionate to the density of the air, it is obvious that, if there were 
no other resitance to overcome, only about 22 per cent of power or roughly one
fifth, would be required to propel the vessel at that height, so that extremely 
high speed, as Mr. Mott points out, would be obtainable . 

"And though the other resistance, which is due to the stickiness of the medium, 
will not be diminished at the same ratio ., and therefore the gain will not be strict
ly in proportion to the decrease of density of the air, nevertheless, the total re
sistance will be reduced, if not to 22 per cent, perhaps to 30 per cent, so that 
there will be a great excess of power available for more rapid flight. 

"Even allowing for the decreased thrust of the propeller due to the thinness of 
the air, which cannot be overcome by driving the screw faster, there still will be 
the very considerable gain and the aircraft will be propelled at a higher speed. 

"Of course many incertitudes still exist in the theoretical treatment of a ques
tion like this, as there are a number of factors which affect the result and in 
regard to which we have not yet complete information . 
At An Altitude of Twenty Miles 

''I doubt that it will be possible to r ise as high as fifteen or twenty miles, 
which is the opinion expressed by Mr. Matt. At the height of twenty miles there is 
only about 7 per cent of oxygen in the air instead of 21 per cent which is present 
close to the ground, and there would be great trouble in securing the oxygen supply 
for the combustion of the fuel, not to speak of other limitations. 

"However, at a height of eight miles the decrease of oxygen can be overcome for 
both engine and aviator. Of course provision would have to be made for supplying 
the aviator and passengers with oxygen . In all probability they would have to be 
entirely enclosed just as a diver is encl osed. Our highest mountains are five miles 
and the rarefication of the air makes climbing them difficult. About five miles 
provision would certainly have to be made for supplying the aviator. If he were 
not enclosed the decrease of pressure due to the thinner air would result disas
trously. The human mechanism is adjusted to a pressure of nearly 15 pounds per 
square inch; and if that pressure is reduced to about three pounds, as it would be 
at an altitude of eight miles, the aviator•s ear drums would burst, and even the 
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blood would be forced through the pores and would ooze out of the body. 
Tesla explained that the effect would be the same as that of bringing a deep-sea 

fish, accustomed to live a mile below the surface, to the surface of the water. 
The fish simply explodes, for lack of the pressure which its body is built to with
stand. 

With proper protection of the aviator and an artificial supply of oxygen Tesla 
believes that flights at the eight-mile altitude are quite possible. 

11 Then there will be great progress with the lighter than air machine and we may 
soon expect the advent of a dirigible of the Zeppelin type ·as a common vehicle for 
travel. Contrary to the general belief, such a vessel can be propelled more rapid
ly than an airplane and it will be, on the whole, much safer. Furthermore it will 
give to the passengers the comforts that are necessary in order to make this form 
of travel popular. Of course in the practical use of these monstrous structures, 
formidable obstacles will be encountered. They are susceptible to damage by storms, 
and I believe also from certain danger from lightning, which will not be obviated 
by the use of helium gas. But I expect to see these difficulties overcome. 

The dirigible, supplied with sufficient power, need not fear the storm; it can 
rise above it, or go around it. The only danger from storm in any case lies in 
being blown from the course, for while the ship is moving with the storm it is in 
no danger, since it travels at the same speed as the wind, and the passengers would 
be in absolutely quiet air, so that a candle might be lighted on deck. Methods of 
docking and housing the big ships must be devised, but several have been proposed 
that reduce the danger of landing by making it unnecessary for the ship to come to 
earth. 11 

• 

But the revolutionizing influence on aircraft of the future Mr. Tesla believes 
to lie in the possibility of transmitting power to them through the air. 

11 For years, 11 he said, 11 I have advocated my system of wireless transmission of 
power which is now perfectly practicable and I am looking confidently to its adop
tion and further development. In the system I have developed, distance is of ab
solutely no consequence. That is to say, a Zeppelin vessel would receive the same 
power whether it was 12,000 miles away or immediately above the power plant. The 
application of wireless power for aerial propulsion will do away with a great deal 
of complication and waste, and it is difficult to imagine that a more perfect means 
will ever be found to transport human beings to great distances economically. The 
power supply is virtually unlimited, as any number of power plants can be operated 
together, supplying energy to airships just as trains running on tracks are now 
supplied with electrical energy through rails or wires. 

11The transmission of power by wireless will do away with the present necessity 
for carrying fuel on the airplane or airship. The motors of the plane or airship 
wi l l be energized by this transmitted power, and t here will be no such thing as a 
limitation on their radius of action, since they can pick up power at any point on 
the globe. 

The advance of science to this point, however, i s attended with terrible risks 
for the world. We are facing a condition that is positively appalling if we ever 
permit warfare to invade the earth again. For up to the present war the main des
tructi ve force was provided by guns which are limited by the size of the projectile 
and the distance it can be thrown. In the future nations wiZZ fight each other 
thousandS of miles apart. No soldier will see his enemy. In fact future wars wiZZ 
not be conducted by men directly but by the forces which if let loose may weZl des
troy civilization compZeteZy. If war comes again, I look for the extensive use of 
sel f-propelled air vehicles carrying enormous charges of explosive which will be 
sent from any point to another to do their destructive work, with no human being 
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aboard to guide them. The dis tance to which they can be sent is practically un
limited and the amount of explosive they can carry is likewise practically unlim
ited. It is practicable to send such an air vessel say to a distance of four or 
five thousand miles and so control its course either gyroscopically or electrically 
that it will land at the exact spot where it is intended to have it land, within a 
few feet, and its cargo of explosive can there be detonated. 

11This cannot be done by means of the present wireless plants, but with a proper 
plant it can be done, and we have here the appalling prospect of a war between na
tions at a distance of thousands of miles, with weapons so destructive and demoral
izing that the world could not endure them. That i s why there must be no more war." 
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Can Radio Ignite Balloons? 

A
a result of the newest theory, that 
powerful induced currents emanat
ing from the Naval Radio Station 
in Chicago produced the spark t hat 
i!P)ited the Goodyear dirigible air

ship whtch plunged in flames thru the roof 
of a bank building in that city, resulting in 
death for thirteen persons and injury to 

The Opinions of 
Nikola Tesla and 

_Other Radio Experts 
Station. T he building thru the skylight of 
which the blazing dirigible fell was the 
Illinois Trust and Savings Bank. 

f<OWRAOIO INDUCeD CURRENTS 

NOTE CURRENT5 IN(lUCfO ~~~cJb~4St,~u'<!' J~nEJ~C 
~ri'\~:,?~'Rtr:t'f:YJ~~,[i.~J1~'l.t AND CAUSE SPARKS TO _,UMP 

A :!>P.I\RK I"''A'r' OCCUR AT .... 0. t IN!>Vl ATOR) • • f ,I 
A LOOSE JOINT, BOLT OR • T / 
RIVET, BURNING THE. 8AG I 1 

/ / 

FABRIC AND IGNITING Tlf£ '··· ' TO &RtAI<' UP ,:> 
GAS. LJ\50RATORY T ESTS -~ • RfSONANct• ~ 
WITH A :SMALL Tf!>LA COIL AND !>~EVENT TI1E IMlLOON 
ANO WIRE CAGtS.fT CETEAA. WIII!S FROM BECOMING HIGHLY 
PROCJVf THI:5 . ~~~:~~._i~~¥:g:M~~~I'Jt~ 

- HOW RADIO MAY INDUCE CURr~ENTS IN AIRSHIPS-

head of a larg-e eugineering corporation 
and foreman of the coroner's jury of tech
nical men, ~aid experts had suggested the 
radio tla,•ory to him. 

Col. ] . C. Morrow, chief air officer of 
the central department of the army, the 
principal witness at t he inquest, was a pas
senger in the dirigible on a trip preceding 

~ '. 
-.~

LAtORATOA'Y ff5r Wlft1 RADI O 
•AfQUt'NCY CUI! <IE NTS S~OW 

~~~I ~3r:t c~~~ 'o .~ ,f{;t'~· 
e E Sl'<~IIIGHf ANO SPAAICSWILL 
JUHP AS .:iHOWN eETWE.EI'I 
AOIACENT Hf1Al R.:>OS O<! 
WIRES OVf TO"UHI P.,lAAI .. ()lii.TkJH• 

Here w ith Are Shown Some of the P 1aualble Reaaona W hy the Recent Ch icago " Blimp" Olaalter Might Have Been Caueed By a Spark 
Induced By An Adjacent Ra d io Station. T he P hoto In the Lower Right -hand Corner Showe T hree l ncandesc;en t Lampe Lighted to F ull 
Candlepower , At a D latance of 100 F eet from O r. N lkola Teala'a Colorado H igh F r equency Power P la nt. The Oaclllator Waa Wor ked At 

twenty-seven others, naval communicatiou 
officers will aid the authorities in fixing 
respon~ihility for the disaster. It was as
certained that technical experts h.ad SU I-!;

~ested this theory, because the hig ship 
sailed over or near the TrallSIJOrtatiot< 
building, from the :roof of which are pru
j.-cted the antennae of the Naval Radio 

Le .. T han F ive P er C ent of Ita Total Capacity. 

Li.:ut. F. S. A{a,on, o i the tjn:at Lakcs 
:-.iaval Training Station, district communi
cation service officer, while ref raining f wm 
agreeinK with the theory, said he would co
operate with th\· inve:;tiKatiltK officials. Pi
lot John Boettner, uf the ill-fated dirigible, 
-atd he had not been a ware of the location 
of the naval radio st ati()n. H. M. Jlyllesby, 

the fatal on~. At t hat time he ,aid thL' 
-hip was in safe condition. The pilot he 
considered compl'lent. lie tlwuglll the 
possibility of ~parks from the t·xhaust ig
tlitiJtg the gas ha~ very n·mote, but said he 
had not fonm·d an om•iuiou as to the .:ause 
uf the accident. 

I Colltiuucd 011 pay.: 5()1) 
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RADIO FREQUENCY AMMETER 
4 inch Face 

0 to 3, 0 to 5 or 0 to 10 Amperea. 
Specify Readine Required. 

$11.00 Net 
The J ewell Electrical Instrument Co. is 
prepared to fill the instrument needs of 
the amateur eJtperimenter in radio and 
general electrical work, as well as those 
who desire more precise and accurate 
measurements of electrical quantities. 
We show above our high frequency 
am;neter, of the thermo couple type, 
especially desirabi~ for medium sized 
installations. 
For receiving panels, we are supplying 
small D. C. instruments {or plate volt
age and filament current, at a very 
reasonable price. 
Write for our apedal radio fnatrum•nt 
bulletin. 

JEWELL ELECTRICAL INSTRUMENT CO. 
1640 Walnut SL Chicai'O 

Audion Control Panel 
Tne P·IOO 

-<:omblninc In a 
slnrle compact 
Ht the Peerlen 
De Fore at A udlon 
Detecto~. oacllla· 
tor and audln 
ampllfter, built 
for the audlon ae 
onl7 the malrera 
of the audlon can 
bulld lt. No other 
Ht llke It baa 
eYer been bullt 
to sell for leaa 
t II a n 1150.00. 
Our :rrtce with
out the bulb 
165.00. Deacrlp. 
tiona or lo-wer 

priced modeb aent on application. 

The li.teat In 
Ampllfter deolrn 
su!llclent to cln 
ampll.llcatloiii up 
to 20,000 tlmeo. 
Panel quickly 1'11• 
monble makln1 
all parts. aecnal· 
ble, ... th
pi acini o t t h • 
new type en lllook 
"B" batterlea llut 
a mo ... ent'a work. 
Worllmansblp ot 
tbe hi cb est 
crade. Price 
without tbe bulb• 
$69.50. 

DeForest Radio 
Telephone & Telegraph Co. 

1415 Sedgwick Avenue 

New York City 
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Can Radio Ignite 
Balloons? 

(Contintud from page 516) 

WHAT NIKOLA TESLA SAYS 
Probably no other living electrician could 

be found today who can more authorita· 
tively state just what effect can be pro
duced at a distance by radio currents, than 
Dr. Nikola Tesla. He has produced and 
measured the greatest electrical discharges 
ever developed by man-sparks 70 to 100 
feet in length, which manifested their in
fluence 12 miles and more distant. In a 
special interview with the ELECTRICAL Ex
PEIUMENTER representative, Dr. Tesla said 
in regard to the present blimp disaster: 

"Referring to electrical or radio wave 
action at a distance, I know from experi
ence that if proper precautions are not 
taken, fires of all kinds and explosions can 
be produced by wireless transmitters. In 
my experiments in Colorado, when· the 
plant was powerfully excited, the J,ghtning 
arresters for twelve miles arotmd were 
bridged with continuous arcs, much stronger 
and more persistent than those which ordi
narily took place during an electric storm. 
I. have .exclted loops (coil aerials) . and 
lighted incandescent lamps at a consider
able distance from the laboratory without 
even using more than five or ten per cent 
of the capacity of the transmitter. When 
the oscillator was excited to about 4,000,000 
volts and an incandescent lamp was held 
in the hand about fifty or si.rty feet from 
the laboratory, the filament was often 
brokea by the vibration set up, giving 
some idea of the magnitude of the electro
motive for.ces generated in the space. The 
accompanying illustration sho.ws one of my 
experiments ·in which I lighted several 
lamps at a distance of 100 feet from the 
labOratory, purely by wireless energy. Such 
induced currents might easily fire a gas 
balloon under the proper conditions. When 
the ·targe transmitter coil, 51 feet in diame
ter. which I had in the center of the !abo-. 
ratory, was powerfully energized, butter
flies were carried around in a circle as 
in a hurricane and could not get out, no 
matter how they 'tried. I was unable to 
satisfactorily explain the gyrations in the 
circle, altho I can well understand that the 
cha.rged coil might, by repulsion, keep them 
in the center. Perhaps the most remark
able o f all the observations was the pro
duction of sparks in the sand when one 
walked at some distance from the building. 
At night a continuous stream of tiny sparks 
could be seen between the heels and the 
earth and between the ~rains of sand. An
other most curious effect was the action 
on horses, which shows how very sensitiYe 
they are to electric shock. When I oper
ated with undamped waves, the oscillator 
bein~ perfectly silent (no streamers what
ever), a horse at a distance of perhaps 
one-half a mile, would become scared and 
gallop away the instant the switch was 
thrown on. I suppose the capacity of the 
body was sufficiently great to derive a 
rather strong current thru the legs which 
would frighten the animal. When using 
damped waves the roar was so strong that 
it could be plainly heard ten miles away 
and despite all precautions, such as using 
coUon in the ears, one would get a singular 
sensation in the head as if something was 
bursting, iimilar to that I observed with 
Rontgen Rays in 1896 or '97, when I was 
operating with a :powerful apparatus de- · 
ssgned for their production. 

~'In my experiments in New York in the 
laboratories at 35 South Fifth Avenue -and 
at Houston Street, I have exhibited to 
thousands of people effects of loops or "Coil 
ante:mae. In one experiment, for instance, 
I would tune a coil about 30 inches in 
diameter with which I would collect at 

Fit Yourself ror the Big Jpb 
Don't hesitate any lonrer. Tbere Ia a &reater 
demand for trained men no,. than ••or before 
-Creator oppOrtunltlH- blUer pay- 1110re 
rapid adnncement. ll'a tralnlnc that counte 
no-accurate lmowle4&t-& complete crup 
or your trade. 

D k ' Pradical B k fa e S Mechanical 00 S 

Pue tbe wa7 to tbe 
fa l p a 7 eanlope. 
Written ln non-techni
cal lancuau tbat an7 
man can crup. Send 
tbo Price of an7 book 
llated below. We will 
send the boob paat.
pald-you keep tbem 
the day._lf not en
tirely aatltded return 
tbe boob and 70ur 
money will be refunded 
In full. Order direct 
from thla pace. Uae 
tho Coupan. 

Electrical Booka 
Electrlo Motor Control Synan" ••• 

Methoda. Leatha..tte ... . .. ......... .. 11.50 
Electrical Tablu anod En11n .. r1a1 Data. 

Leathontte . . . . .. .. . . . .. .. . . .. .. .. .. • 1.50 
lllo't.4n Pleturt Optratloll. Leatherette .. 1.50 
Altornatin1 Current. Leatheretta...... • • 1.50 
WI r I n 1 Dlaerama and Duerlptloaa. 

Laathe,.tta • . .. .. • .• .. . . . • . . .. .. .. • .. 1.50 
Armature and Mauet Wlndlal. Leat~•r· 

ette ................................. 1.50 
Modem Electric lllu111lnatloa. Leatharette 1.51 
Modarn Electrical Conlt~ctloa. Leat~er· 
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Electrlciana' Oporatiilll and Teall a 1 
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Drake' a E'-ctrlcal Dl ctlonaf1. Laatherette 1~ 
Electr:c Moton, D .and A. Leatllorette .• 1.50 
Eleetrlcal M eaourem .. te and Motor Test-

1•1· Leatherette .... .. ........ ·.. .. • .. t .50 
Drake'a Telephone Handbook. Leathlrette 1.50 
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Automobile 11 a I• · 
tin. Leatherette. 
.2.00. 
Broekea' Allte
ltlle Handlteet. 
Leath..tlo .. 12.00 
Automoltlle Start· 
lnl aad Lll~tl ••• 
Leat~erette .. 11.50 
Fn Meter Car, 
Truok and Traotor 
Attach menta. Clotll, 

11.00 
Fml Mltef car. 
Truck and Tractor 
Attacll•eatl. 
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Auto111olllle Cafe. 
ch lam and Re•alr 

Manual. Laat~erette ...... .. ... .. .... : . •• 1.21 
Gu and 011 En11ne Hudbooll. Clotll ... 1.00 
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~~}W'" .... 
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ScbU7ler AUa, Unl
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attac:h.ed). It t. acreed that I ma7 return aame tn S 
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Motors and Electrical 
Specialties Are· Best 

KIUJJ)J) Goodtl h&Ye stood the tHt for 29 yean. No detail ln 
construction hao been spared to 111ake tllelll the beat that money 
ean buy. The co111plete Kna llJ) line Includes Toy and Power 
lfoton, Gon- · 
era toro and KNAPP "LEADER" 
Dynamos. Spe· 
chltlea and 
NoMltleo tha ' 
amuae and ID· 
atruct. 'Wan a, 
Rheoata'•· 
COmpaoaes, etc. 
And Knapp 
prtcea are al
waY• l owu t. 
Alwayo lnolat 
011 Knapp 
Goodl. 

KNAPP DYNAMO MOTOR 

Price, Complce, $8.00 Price, Completa, .$4.00 
Order lo·doy. Or yolfr dtoltr ''"' IUr<rt f),.,. for yoN. DESCRI PTIVE CIRCULAR ottd 

CATALOG of ttltbroted KN,.APP MOTORS o .. d Ekctricol Sptctcs/tie. f ro"' lOt •I> ""'"'d 
FREE "" r tqNtlt. 

KNAPP ELECTRIC 41: NOVELTY CO., 523 w .. t Slat Street, New York City 

ARE YOU GE'ITING THE MOST our OF YOUR RECEIVER 1 
The ether is full of signals these days, 
some easy to hear and some inaudible. 
Inaudible because the proper appara
tus is not being used. 

It is to make those inaudible signals 
audible that the Grebe RORB two
stage audio-frequency amplifier has 
been designed. Here is a properly 

balanced two·sta~e amplifier, which gets the most out of 
available vacuum tulles without distortion. A telephone cam switch 
with auxiliary contactors accomplishes the change from the ''off" 
position to either one or two stages without necessitating any other 
manipulations. The filaments, as wetl as the stage circuits. are con
trotled hv this cam switch. This is a feature not found in other 
amplifiers available at present.· Send for bulletin R-108. 

TYPE RORB, TWO STAGE .AMPLIFIER, PRICE, $45.00 

RICHMOND HILL 
A. H. GREBE & CO. 

NEW YORK 

Boys! You Can Make Your Own Electrical Ap· 
paratus with the aid of thae wonderful books 

Home-made Electrical Apparatus .y A- M . #ow./1 
Three woncletful blr boolrs, elluclt full of Juat tho oort of Informa tion 

you have> been looklniC for and at a price Within reach of your pocket book. 
Each vo~urne lg printed on beavy paper, eontalno 75 p1111 and over 80 
llluotratlet~o, complete worklnt df'8wlnto for onaklnt every 10rt or oltelrleal 
apparatii'S, Written ao you cAn undentand U.em. T~• trloe Ia onb 30 
e.nh Mr eop)'-practlca!IY tbe cos~ o( pub)l~;atlol!. Bn partial table ot 
contents below and orcler n<>w. The supply I• Umltecl. 

ett::!: ~t~ITet•i~'p:'t~~.~g 3~':~:':d:"~.~t!m~~"S~:·~l1.:1h':~~o~!~~'1i~~: 
tltu, etc. 

met~~·. 1~at:::=,~.r.&;~':fu:h:r:'"Mt.!~~~~r'fe\c:';.~ :l~YI;"Jo:~d~~tmTe:t!;ho!:: 
Sboeklnl Cotb. Spark Colla. E:.l)erlment•. etc., etc. 

Vet. II ~ tonttln• ~Nr.tf•c,t~r4!tltfng• and dlred.lont for makln1 all IUlrh or D1n11mo~. 
~:,'r:•coft:;tUr~r~~~~ln;~ •• ~J:~u~~:\~~fn~:~~~r~~~:~· eZ~:e:;-;_Ph A.ppantUJ, 

.A1~ one of the:se '\1\-'om.lertul books will be •ent to )'QU po.fpaid tor 30 caftta. 

COLE & MORCA.N, Inc., #u61i•lt•n o"d Boolt•ell.re 
P. 0. Box 473, C. H . Sta.. New Yorio Cit,. 
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any place in a large hall, ~arly thrtt
quorter.r of a ho,.sepower, lightine incan
descent lamps, producing long discharges, 
streamers, etc. One of my exhibits, which 
was particularly appreciated, wu a coil car
ried on the head which, when resonantly 
excited, would develop streamers several 
feet long. 

"As regards that deplorable accident to 
the blimp in Chicago, of course a powerful 
wireless plant is capable of setting up, at a 
few hundred feet distance, electro-motive 
forces of such magnitude that if there is 
even moderate rise thru resonance, long 
sparks may result. · bt ColorGdo I drew l 
inch sparks betwte,. my body and an iro" 
pipe buried in tl~e ground about .100 /ut 
f rom the laboratory. I think it perfectly 
practicable to produce an explosion by wire
less designedly at a considerable distance 
from a wireles transmitter, and I look upon 
the accident as very likely having been due 
to some such cause. By taking prop~r pre
cautions, however, it is possible to entirely 
eliminate this danj:!~r and I have devoted 
much thought to the subject, havin~: early 
recognized the peril to such bags tilled with 
hydr·ogen. According to my ideas, the ac
!:ident is not so muclt chargeable to the 
plant as to the ne~rlect of proper precau
tions on the aerial vessel ttself. Such a 
vessel has a considerable span and the guy 
wires, gondola and other metallic parts 
constitute a considerable capacity, so that 
an appreciable amount of energy can be de
prived from a wireless plant at a great dis
tance, as it is well shown in the ease with 
which messages are transmitted to, and 
received from, aeria l vessels. 

"Why do the naval and other authorities 
allow such forms of aircraft to use an ex
plosive gas like h)•drogrtt:' A short time 
ago the press was filled with the wondrous 
stories of how the U. S. Government ex
perts had perfected the manufacture of the 
neW. and non-infiammable balloon gas
llrlilun, to such an extent that it was very 
cheap and readilr obtainable in quantities. 
Funny, ho~ these ''new" invent~ons require 
so loug a ttme to t·ea th the pubhc: and those 
who need them. Helium, extracted from 
illuminating gas, is not new or wonderful 
at all. My friend, Sir ) ames Dewar, 
showed me experiments w1th it over 20 
years ago." 

How radio waves, even at diatance.i of 
several miles, can cause sparks to occur 
among bales of cotton, baled with wire 
hoops, etc., is shown in one of the accom
panying illustrations. The cotton bale wires 
have currents induced in them everf time a. 
radio mt'ssage is St'nt from the shlp or in 
its vicinity. This induced current is prac
ticall.y never strong enough to heat up the 
wire, hut should one of these wires break 
and form a spark JOtap, then very often the 
induced current will cause a spark to jump 
the ~ap. That is enough to start .a fire. 
\IVhere wired bales are packed dose to
gether in the hoiJ of a steaml'r, in trains, 
or warehouses, here also radio waves are 
liable to catrsl' fairly strong electrical oscil
lations to be set up by resonance in adja
cent loops on the bales, as the diagram 
shows. Result, a spark occurs, and an
other fire of ''unknown oriein" has started 

M. George A. Leroy, a French chemist. 
in this municipal laboratory at Rouen. 
France, very ahly demonstrated that wire
less waves could without doubt cause fires 
at a distance. H is apparatus ·is shown 
schematically herewith. 

Mr. Leroy's apparatus has been christ
ened hv him the ''l!fniting Resonator." The 
appa ra'tus he usecl consists of a ~:t.as~ bulb 
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inch spark, which was connected with a 
spark gap, glass plate and tin-foil condenser 
and a loop antenna or spiral comprising 
a few turns of heavy wire, about 2 feet in 
diameter. Several yards distant, Mr. Leroy 
placed his receiving coil or igniting reso
nator, which included a loop or heavy cop
per conductor about three feet in diameter. 
The action on the device was similar to 
that of the Hertzian resonator, i. e., when
ever the spark coil or transmitting helix 
were excited, allowing a spark to jump the 
gap, electromagnetic waves were set up 
in tl1e intervening ether, causing corre
sponding currents to be induced or set up 
in the receiving loop. As in the ihistoric 
cxperiineut$ of H~rh, this loop will gather 
sufficit•nt energy from the etheric waves 
to cau~e a small spark to jump a gap con
nected across the terminals of the loop, as 
the accompanying diagram clearly shows. 

Mr. Leroy carried out many different ex
periments with his apparatus, placing the 
glass spark chamber of the igniting reso
nator in a bath of oil or vaseline, which 
can he healed when desired by incandes
cent lamps, etc. 

One of the m~st interesting experiments 
carried out by Mr. Leroy was that with 
miniature hales of cotton, which were en
closed in jute wrappers and provided with 
iron wire bands, in the way cotton is usu
:tll}' packed for shipment. "Spontaneous 
t·omhust ions in cotton warehouses and in 
~hipht~lds lv:ukd with Cl)lton or ~imilar 
material, arc not always what they seem," 
says Mr. Leroy, in describing his experi
ments and results with the radio igniter. 
One of the hoops encircling the bale of raw 
cotton may break or become loose under 
the action of shock or from some other 
cause, and the gap created by the breaking 
o f the wire, forms a miniature Hertzian 
resonator. When a wireless station situ
ated in the immediate vicinity, or perhaps 
at some quite distant point, starts in to 
transmit (and the more powerful the sta
tion the more pronounced the effect and 
danger from fire of course), currents will 
be induced in the iron wire around the 
bales or other packages, and sparks may 
pass between the various metal members. 
Especially will they be inclined to jump 
small gaps in the wire which occur in the 
immediate loop. We may say right here. 
that to a layman all of this phenomena 
may seem somewhat far-fetched, and not 
within the realm of everyday possibilities, 
but anyone who has experimented with 
high frequency currents, as generated from 
even a small size oscillator, will at once 
be convinced that these effects can and do 
take place under most unbelievable condi
tions. Of course, one objection that the 
average electrical and radio reader will 
probably think of, is that if the cotton 
hales, et cetera, are placed in a steel vessel, 
that this metallic hull will act as a screen, 
and that the bales will not have any current 
induced in their wire loops, but while this 
may be partially so,-in some cases it is not 
always so by any means; especially when 
the home transmitting station, such as on 
ship-board, starts in operating. In this 
case, the steel hull of the boat is charged 
whenever the transmitting key is deprest. 

The secret, if so we may call it, of the 
production of inflammatory sparks or dis
charges in metallic bodies such as here de
scribed, lies in the phenomena known as 
"resonance." This means that the nearer 
the metallic members come in tun:! with 
the radio waves, the more pronounced the 
induction effects produced in any instance. 
It is of course readily conceivable that a 
cargo of cotton bales presents many pe
culiar conditions of re~onance, due to the 
varying capacities and inductances of the 
various loops. In fact, so obvious and pos
sible is this condition, that a wooden vessel 
carrying bales of Cotton or other material 
having wire or metal members to holJ 
them. and providing she is fitted with a 
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wireless station of even a few kilowatts, 
that tbe Editors would prefer to stay on 
land than go to sea on such a ship. 

One of the accompanying photographs 
shows how a great multitude of close oscil
latory circuits are provided unwittingly in 
all-framed or rigid gas airships, and even 
in the non-rigid gas airships there is usu
ally a sufficient amount of metal present in 
the ,gondola, wires and other fittings to 
form one or more resonant circuits. which 
may c.ause a spark at an imperfect joint 
or other gap. It should be remembered. 
as laboratory tests have demonstrated be
yond cavil, that it is not necessary to have 
a metal wire coil in spiral form in order to 
have powerful currents induced of suffi
cient stren~rth to cause a spark to jump 
from it; a strai~rht metallic wire, bar or 
even tools. lying within a few yards of a 
small high frequency coil. will pick up 
sufficient energy to caust' sparks to jump 
from. them. and they will sometimes glow 
with a vivid hrush discharge wht'n viewt'd 
in a darkt'ned room. 

NATIONAL INSTITUTE OF IN
VENTORS. 

T he installalion n f tht' otl)cers of the 
·National Institute of Inventors. 118 Ful· 
ton S treet, New York City. N. Y., was 
held at the Broadway Central H otel re
cently, in the presence of 1,000 gue~ts and 
members. After a very fine entertamment 
in which the well-known coloratura-soprano, 
Miss Edna Blanche Showalter, had ren
dered selections, and Miss Cecelia Born
stein executed in remarkable iashton her 
salomt dance, the newlv elected officers 
W<'re installt"d. · 

Addresses were given by Pruf. Chandler, 
a chemist of internarional reputlltion and 
pa1ent expert; Joseph ll. Choate. Jr .. who 
spoke of the foundinlo( of th<' Cl1emical 
Foundation.· Inc., to which foundation all 1 
the German chemical patents had ht'<'ll 
turned over lty former Alit'n Custodian, 
Attun1ey-General Palmer, and an address 
was tnade by Thomas Howard. executive 
chairman of the in~1itute, on the ~everance 
and· dissociation <Jf the patent offic<' from 
the Department of the Interior, a11d the 
e~tablishing of a Cour1 of Appeals to pass 
upon patent litigation. He was presented 
with a medal for faithful sen·ices. Refresh
lllt'nts were sen·ed and the guests danced 
unti l the wee hours of the morning-. 

The IH.'Wl\' (')t'<'tt•d utlit•t'rs, to St'T\'(' until 
I<J20. were L J. \\'ing, President. Jli,•ucer 
inventor of exhaust fans; Carl SchOil<'rt, 
manufacturer of automobile accessnrit's. of 
Newark. First \'ict·-l'resident; Roll<'rt C. 
Laffer ty, architect, New York City, Secnnd 
Vice-President; Geor~re Julian Houtain. 
attomt'\' at law. of 44 Court Street. Brook
lyn. Third Vice-Pre,; iclt•nl; M iltnn F . \\'il
liams. mannfactun:r of pul\'eriz<'n. St. 
Loni,;, Mo .. Fifth Vice-President: \V. H. 
Kennedy, Remrding- Secretary; N athan 
Lan~er. Treasur<'r; Paul R("\'t•rc Fnr. tlne 
of the fighting Sixty-ninth, Executive Sec
retary. and R. Nerenstone, Assistant Execu-
tive Secrctarv. • 

On the Roard of Governors To sen' t' 
for five vea rs were elected : David Moss. 
New York City; L. Renner. N ew Orl<'::tlls; 
Julius Glantz, New York Cit\·; :\lichacl 
Quinane. f'atenon. N. ]. ; ]. A't. ll:ardinl(. 
N<'w York City. 

AND WOMAN IS LUCKY TO MAKE 
ONE MATCH. 

One of our newspap<'r frie•His-t lw Ok
lahoma City Times-quoit's us a,; f,lll<)\\'': 

"Th e E 1.ECTRICAI. Exrf.RI!I!t::-;'n:R tell~ us 
that a man contains phosphorous oenou~h 
to make 800.000 matches. and it mi~rht h<' 
addedl that a woman does well to make 
even one."- ( Y ~s. very well. we'll say she 
do<'s! \oVith ~hO<'S at $.!5.00 a 1hrow, 
dresses a t $100.00 a piece. ami food-Acl1! 
Hoov.er-the needle! ! ThC' thought of 
H . C. L. to-day l(ives us a fever ,,[ 11-t" 
in the ~ha<l<'.-Eu.) 
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New York Herald 
Sunday, Oct. 12, 1919, Magazine Section 
SIGNALS TO MARS BASED ON HOPE OF LI FE ON PLANET 
Written Specially for the Herald by Nikola Tesla 

The idea that other planets are inhabited by intelligent beings might be traced 
to the very beginnings of civilization. This, in itself, would have little signif
icance, for many of the ancient beliefs had their origin in ignorance, fear or other 
motives - good or evil, and were nothing more than products of untrained or tor
tured imagination. But when a conception lives through ages in the minds, growing 
stronger and stronger with increasing knowledge and intellectual development, i t 
may be safely concluded that there is a solid truth underlying the instinctive per
ception. The individual is short lived and erring; man, relatively speaking, is 
imperishable and infallible. Even the positive evidences of the sense and the con
clusions of science must be hesitatingly accepted when they are directed against the 
testimony of the entire body of humanity and the experience of centuries. 

Modern investigation has disclosed the fact that there are other worlds, situ
ated much the same as ours, and that organic life is bound to develop wherever there 
is heat, light and moisture. We know now that such conditions exist on innumerable 
heavenly bodies. In the solar system, two of these are particularly conspicuous -
Venus and Mars. The former is, in many repects li ke the earth and must undoubtedly 
be the abode of some kind of life, but as to this we can only conjecture, for the 
surface is hidden from our view by a dense atmosphere. The latter planet can be 
readily observed and its periodic changes, which have been exhaustively studied by 
the late Percival Lowell, are a strong argument in support of the supposition that it 
is populated by a race vastly superior to ours in the mastery of the forces of nature. 

If such be the case then all that we can accomplish on this globe is of trifling 
importance as compared with the perfection of means putting us in possession of the 
secrets they must have discovered in their struggle against merciless elements. 
What a tragedy it would be were we to find some day that this wonderful people had 
finally met its inevitable fate and that all the precious intelligence they might 
have and, perhaps, had tried to convey to us, was lost. But although scientific re
search during the last few decades has given substance to the traditional belief, no 
serious attempt to establish communication could have been made until quite recently 
fo r want of proper instrumentalities. 
Light Ray Project. 

long ago it was proposed to employ rays of light for this purpose and a number 
of men of science had devised specific plans which were discussed in the periodicals 
from time to time. But a careful examination shows that none of them is feasible, 
even on the assumption that the interplanetary space is devoid of gross matter, be
ing filled only with a homogeneous and inconceivably tenuous medium called the 
ether. The tails of comets and other phenomena, however, would seem to disprove the 
theory, so that the successful exchange of signals by that kind of agency is very 
improbable. 

While we can clearly discern the surface of Mars, it does not follow that the 
reverse is true. In perfect vacuum~ of course, a parallel beam of light would be 
ideally suited for the transmission of energy in any amount for, theoretically, it 
could pass through infinite distance without any diminution of intensity. Unfor
tunately, this as well as other forms of radiant energy are rapidly absorbed in 
traversing the atmosphere. 

It is poss ible that a magnetic force might be produced on the earth sufficient 
to bridge the gap of 50,000,000 miles and, in fact, it has been suggested to lay a 
cable around the globe with the object of magnetizing it. But certain electrical 
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observations I made in studying terrestrial disturbances prove conclusively that 
there can not be much iron or other magnetic bodies in the earth beyond the insig
nificant quantity in the crust. Everything indicates that it is virtually a ball 
of glass and it would require many energizing turns to produce perceptible effects 
at great distance in this manner. Moreover, such an undertaking would be costly 
and, on account of the low speed of the current through the cable, the signalling 
would be extremely slow. 
The Miracle .Performed. 

Such was the state of things until twenty years ago when a way was found to per
form this miracle. It calls for nothing more than a determined effort and a feat 
in electrical engineering which, although difficult, is certainly realizable. 

In 1899 I undertook to develop a powerful wireless transmitter and to ascertain 
the mode in which the waves were propagated through the earth. This was indispens
able in order to apply my system intelligently for commercial purposes and, after 
careful study, I selected the high plateau of Colorado (6,000 feet above sea level) 
for the plant which I erected in the first part of that year. My success in over
coming the technical difficulties was greater than I had expected and in a few 
months I was able to produce electrical actions comparable to, and in a certain 
sense surpassing those of lightning. Activities of 18,000,000 horsepower were 
readily attained and I frequently computed the intensity of the effect in remote 
localities. During my experiments there ,, Mars was at a relatively small distance 
from us and, in that dry and rarefied air, Venus appeared so large and bright that 
it might have been mistaken for one of those military signaling lights. Its obser
vation prompted me to ca 1 cul ate the energy transmitted· by a ·powerful oscillator at 
50,000,000 miles, and I came to the conclusion that it was sufficient to exert a 
noticeable fnfluence on a delicate receiver of the kind I was, in the meanwhile, 
perfecting. 

My first announcements to this effect were received with incredulity but merely 
because the potencies of the instrument I had devised were unknown. In the suc
ceeding year, however, I designed a machine for a maximum activity of 1,000,000,000 
horsepower which was partly constructed on Long Island in 1902 and would have been 
put in operation but for reverses and the fact that my project was too far in ad
vance of the time. 

It was reported at that period that my tower was intended for signalling to Mars, 
which was not the case, but it is true that I made a special provision for rendering 
it suitable to experiments in that direction. For the last few years there has been 
such a wide application of my wireless transmitter that experts have become, to an 
extent, familiar with its possibilities, and, if I am not mistaken, there are very 
few 11doubting Thomases 11 now. But our ability to convey a signal across the gulf 
separating us from our neighboring planets would be of no avail if they are dead 
and barren or inhabited by races still undeveloped. Our hope that it might be dif
ferent rests on what the telescope has revealed, but not on this alone. 
Vast Power Found. 

In the course of my investigations of terrestrial electrical disturbances in Col
orado I employed a receiver, the sensitiveness of which is virtually unlimited. It 
is generally believed that the so-called audion excels all others in this respect 
and Sir Oliver Lodge is credited with saying that it has been the .means of achieving 
wireless telephony and transforming atomic energy. If the news is correct that 
scientist must have been victimized by some playful spirits with whom he is com
municating. Of course, there is no conversion of atomic energy in such a bulb and 
many devices are known which can be used in the art with success. 

My arrangements enable me to make a number of discoveries, some of which I have 
already announced in technical periodicals. The conditions under which I operated 
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were very favorable for no other wireless plant of any considerable power existed 
and the effects I observed were thereafter due to natural causes~ terrestrial or 
cosmic. I gradually learned how to distinguish in my receiver and eliminate certain 
actions and on one of these occasions my ear barely caught signals coming in regular 
succession which could not have been produced on the earth~ caused by any solar or 
lunar action or by the influence of Venus~ and the possibility that they might have 
come from Mars flashed upon my mind. In later years I have bitterly regretted that 
I yielded to the excitement of ideas and pressure of business instead of concentra
ting all my energies on that investigation. 

The time is ripe now to make a systematic study of this transcending problem ~ the 
consummation of which may mean untold blessings to the human race. Capital should 
be liberally provided and a body of competent experts formed to examine all the 
plans proposed and to assist in carrying out the best . The mere initiation of such 
a project in these uncertain and revolutionary times would result in a benefit which 
cannot be underestimated. In my early proposals I have advocated the application of 
fundamental mathematical principles for reaching the first elementary understanding. 
But since that time I have devised a plan akin to picture transmission through which 
knowledge of form could be conveyed and the barriers to the mutual exchange of ideas 
largely removed. 
Success in Trials 

Perfect success cannot be attained in any other way for we know only what we can 
visualize . Without perception of form there is not precise knowledge. A number of 
types of apparatus have been already invented with which transmission of pictures 
has been effected through the medium of wires~ and they can be operated with equal 
facility by the wireless method. Some of these are of primitively simple construc
tion. They are based on the employment of like parts which move in synchronism and 
transmit in this manner records~ however complex. It would not require an extraor
dinary effort of the minds to hit upon this plan and devise instruments on this or 
similar principles and by gradual trials finally arrive at a full understanding. 

The Herald of Sept . 24 contains a dispatch announcing that Prof. David Todd ~ of 
Amhurst College, contemplates an attempt to communicate with the inhabitants of 
Mars. The idea is to rise in a balloon to a height of about 50~000 feet with the 
manifest purpose of overcoming the impediments of the dense air stratum. I do not 
wish to comment adversely upon this undertaking beyond saying that no material ad
vantage will be obtained by this method, for what is gained by height is offset a 
thousandfold by the inability of using powerful and complex transmitting and receiv
ing apparatus. The physical stress and danger confronting the navigator at such an 
altitude are very great and he would be likely to lose his life or be permanently 
inj ured. In their recent record flights Roelfs and Schroeder have found that at a 
height of about six m]les all their force was virtually exhausted. It would not 
have taken much more to terminate their careers fatally. If Prof. Todd wants to 
brave these perils he will have to provide special means of protection and these 
will be an obstacle to his observations. It is more likely, however~ that he merely 
desires to look at the planet through a telescope in the hope of discerning some
thing new. But it is by no means certain t his instrument wi ll be efficient under 
such conditions. 

/ 
/ . 
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EZeatriaaZ World 
Sept . 24~ 1921 p. 620 
INTERPLANETARY COMMUN ICATION 
To the Editors of the Electrical World: 

There are countless worlds such as ours in the universe - planets revolving 
around their suns in elliptical orbits and spinning on their axes like gigantic 
tops. They are composed of the same elements and subject to the same forces as the 
earth. Inevitably at some period in their evolution light~ heat and moisture are 
bound to be present, when inorganic matter will begin to run into organic forms. 
The first impulse is probably given by heliotropi sm; then other influences assert 
themselves, and in t he course of ages, through continuous adjustment to the envi 
ronment , automata of i nconceivable complexity of structure result. In the work
shop of nature these automatic engines are turned out in all essentia l respects 
alike and exposed to the same external influences. 

The identity of construction and sameness of environment result in a concordance 
of action~ givi ng birth to reason; thus intelligence, as the human, is gradually 
developed. The chief controlling agent in this process must be radiant energy act
ing upon a sense organ as the eye~ which conveys a true conception of form. We may 
therefore conclude with certitude that~ however constructively different may be the 
automata on other planets, their response to rays of light and their perceptions of 
the outside world must be similar to a degree so that the difficulties in the way 
of mutual understanding should not be i nsuperable. 

Irrespective of astronomical and electrical evidences, such as have been obtained 
by the late Percival Lowell and myself , there is a solid foundation for a systematic 
attempt to establish communication with one of our heavenly neighbors, as Mars, 
which through some inventions of mine is reduced to a comparatively simple problem 
of electrical engineering . Others may scoff at this suggestion or treat it as a 
practical joke, but I have been in deep earnest about it ever since I made the first 
observations at my wireless plant in Colorado Springs from 1889 to 1900. Those who 
are interested in the subject may be referred to my articles in the Century Magazine 
of June, 1900~ Collier's Weekly of Feb. 9, 1901, the Harvard Illustrated Magazine of 
March, 1907, the New York Times of May 23, 1909, and the New York Herald of Oct. 12, 
1919. 

At the time I carried on those investigations there existed no wireless plant on 
the globe other than mine, at least none that could produce a disturbance percep
tibl e in a radius of more than 9 few miles. Furthermore, the conditions under 
which I operated were ideal, and I was well trained for the work. The arrangement 
of my receiving apparatus and the character of the disturbances recorded precluded 
the possibility of their being of terrestrial origin, and I also eliminated the in
fluence of the sun, moon and Venus. As I then announced, the signals consisted in 
a regular repetition of numbers, and subsequent study convinced me that they must 
have emanated from Mars, this planet having been just then close to the earth. 

Since 1900 I have spent a great deal of my time in trying to develop a thoroughly 
practical apparatus for the purpose and have evolved numerous designs. In one of 
these I find that an activity of 10,000,000,000 hp in effective wave energy could be 
attained. Assuming the most unfavorable conditions - namely, half-spherical propa
gation - then at a distance of 34,000~000 miles the energy rate would be about 
l/730,000 hp per square mile, which is far more than necessary-to affect a properly 
designed receiver. In fact, apparatus similar to that used in the transmission of 
pictures could be operated~ and in this manner mathematical, geometrical and other 
accurate information could be conveyed. 

I was naturally very much interested in reports given out about two years ago 
that similar observations had been made, but soon ascertained that these supposed 
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planetary signals were nothing else than interfering undertones of wireless trans
mitters, and since I announced this fact other experts have apparently taken the 
same view. These disturbances I observed for the first time from 1906 to 1907. At 
that time they occurred rarely, but subsequently they increased in frequency. Every 
transmitter emits undertones, and these give by interference long beats, the wave 
length being anything from 50 miles to 300 or 400 miles. In all probability they 
would have been observed by many other experimenters if it were not so troublesome 
to prepare receiving circuits suitable for such long waves. 

The idea that they would be used in interplanetary signaling by any intelligent 
beings is too absurd to be seriously connnented upon . . These waves have no suitable 
relation to any dimensions, physical constants or succession of events, such as 
would be naturally and logically considered in an intelligent attempt to communi
cate with us, and every student familiar with the fundamental theoretical princip
les will readily see that such waves would be entirely ineffective. The activity 
being inversely as the cube of the wave length, a short wave would be immensely 
more efficient as a means for planetary signaling, and we must assume that any be
ings who had mastered the art would also be possessed of this knowledge . On care
ful reflection I find, however, that the disturbances as reported, if they have 
been actually noted, cannot be anything else but forced vibrations of a transmitter 
and in all likelihood beats of undertones. 

'While I am not prepared to discuss the various aspects of this subject at length, 
I may say that a skillful experimenter who is in the position to expend considerable 
money and time will undoubtedly detect waves of about 25 ,470,000 m. 

Nik·ola Tesla 
New York City. 

Reprinted with permission. Reprinted from September 24, 1921, issue of EZeetrieaZ 
World. @ Copyright 1921, McGraw-Hill, Inc. All rights reserved. 
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To the Editor of the New York Evening Post: 
Sir: Your issue of the 14th inst. contains a report relative to an experimental 

demonstration at the Pittsfield plant of the General Electric Company in which a 
pressure of one million volts was used for transmission of power by alternating cur
rents . This is said to be the result of more than thirty years• work and to consti
tute a dramatic . advance in electrical development so much, indeed, that it was 
deemed proper to record the time of its consummation with greater precision than 
that when Joshua commanded the sun to stand still over Gibeon and the moon in the 
Valley of Ajalon. But the prosaic fact is that I have long ago perfected and pat
ented the invention instrumental in this achievement and applied it successfully in 
the production of pressures amounting to many millions of volts. It may not be 
amiss to state furthermore that a license was offered to the General Electric Com
pany under my basic patent which bears the No. 1,119,732 and was granted December 1, 
1914, the original application having been filed January 16, 1902. 

The economic transmission of electrical energy at great distances necessitates 
the, employment of very high pressures and at the outset two serious difficulties 
were encountered in their application. One was the breaking down of the insulation 
under the excessive stress. Upon careful investigation of the causes, I found that 
this was due to the presence of air or gas bubbles which were heated by the action 
of the currents and impaired the resisting quality of the dielectric. The trouble 
was done away with entirely by a process of manufacture developed by me which has 
been universally adopted. But the second obstacle was much harder to overcome. It 
was met in the apparent impossibility of confining the high tension flow to the con
ductors. In my early experiments I covered them with the best insulating material, 
several inches thick, but it was of no avail. Finally my efforts were rewarded and 
I found a simple and perfect remedy. 

An idea of the underlying principle of the invention and its practical signif
icance may be conveyed by an analogue. Alternating currents transmitted through a 
wire can be likened to pulses of some liquid, as water, forced through a woven hose . 
So long as the pressure is moderate the fluid entering one end will be integrally 
discharged at the other, but if the pressure is increased beyond a certain critical 
value the hose will leak and a large portion of the fluid may thus be wasted. Sim
ilarly in electric transmission, when the voltage becomes excessive the prison walls 
of the dielectric yield and the charge escapes. The loss of energy occasioned there
by, although emphasized by engineers, is not a fatal drawback; the real harm lies 
in the limitation thus imposed to the attainment of many results of immense value. 
Now, what I did was equivalent to making the hose capable of withstanding any de
sired pressure, however great. This was accomplished by so constructing the trans
mitting conductor that its outer surface has itself a large radius of curvature or 
is composed of separate parts which , irrespective of their own curvature, are ar
ranged'in proximity to one another and on an ideal enveloping symmetrical surface of 
large radius. These parts may be in ~ne shape of shells, hoods, discs, cylinders, 
or strands, according to the requirement in each special case, but it is always es
sential that the aggregate outer conducti ng area be considerable. 

I believe that many arts and industries will be revolutionized through the appli
cation of the enormous electric pressures which are easily producible by this means, 
but perhaps the purely scientific results will be more important than the commercial. 
N. Tesla 
New York, September 23. 
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NIKOLA TESLA TELLS OF NEW RADIO THEORIES - Does Not Believe in Hertz Waves and 
Heaviside Layer, Interview Discloses 

The model of a 11 Tesla Coil" which will be featured in the historic exhibit of 
the radio show reawakens interest in its inventor. 

It is not generally appreciated that this curious apparatus, often associated 
with pretty or spectacular demonstrations of high voltage electricity, is really a 
fundamental part of modern radio. For all the tuning apparatus and circuits in 
every transmitting and receiving set are simply variations of Tesla coils and Tesla 
coil circuits . 

It was for this invention, and other inventions and principles concerned with 
tuning, heterodyning, and the generation of continuous waves, which were made at 
least several years before the very first experiments of Marconi, that many of our 
most reputable engineers have conceded to Nikola Tesla the title of "Father of 
Radio". 

Mr. Tesla, still actively working~ was interviewed last week to get his ideas 
regarding the prospects of the radio of 1930, and beyond. As a prophet, however, 
he balked. He had repeated time anrl again his visions for the future. As far back 
as 1900, he had contemplated a world-wireless system which included broadcasting, 
picture transmission, international time service, and in addition television and 
the distribution of electrical power. Part of this early prophecy has been real
ized -- what remained, still stood as his prediction. 

Disputes Hertz Waves. 
What, then , about power transmission by radio? Laurence 1~. Cockaday, the tech

nical editor of this radio section, had expressed the opinion several weeks ago 
that, with present apparatus at least, it was hardly feasible. Mr. Tesla agreed to 
discuss the point at length. As a result, he made public for the first time one of 
the most ext·raordinary conclusions -that Hertz waves do not exist! If his theory 
is true, there may be found in it more adequate explanations of "dead spots", 
fading, reflection and a dozen other problems that have always puzzled the 
profession. 

The inventor began by referring to Cockaday•s article: 
••I have read the article, and I quite agree with the opinion expressed -- that 

wireless power transmission is impractical with present apparatus. This conclusion 
will be naturally reached by any one who recognizes the nature of the agent by which 
the impulses are transmitted in present wireless practice. 

"When Dr. Heinrich Hertz undertook his experiments from 1887 to 1889 his object 
was to demonstrate a theory postulating a medium filling all space, called the ether, 
which was structureless, of inconceivable tenuity and yet solid and p·ossessed of 
rigidity incomparably greater than that of the hardest steel. He obtained certain 
results and the whole world acclaimed them as an experimental verification of that 
cherished theory. But in reality what he observed tended to prove just its fallacy. 

11 I had maintained for many years before that such a medium as supposed could 
not exist, and that we must rather accept the view that all space is filled with a 
gaseous substance . On repeating the Hertz experiments with much improved and very 
powerful apparatus, I satisfied myself that what he had observed was nothing else 
but effects of longitudinal waves in a gaseous medium, that is to say, waves, prop
agated by alternate compression and expansion. He had observed waves in the ether 
much of the nature of sound waves in the air. 
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"Up to 1896, however, I did not succeed in obtaining a positive experimental 
proof of the existence of such a medium. But in that year I brought out a new form 
of vacuum tube capable of being charged to any desired potential, and operated it 
with effective pressures of about 4,000,000 volts. I produced cathodic and other 
rays of transcending intensity. The effects, according to my view, were due to min
ute particles of matter carrying enormous electrical charges, which, for want of a 
better name, I designated as matter not further decomposable. Subsequently those 
particles were called electrons. 

"One of the first striking observations made with my tubes was that a purplish 
glow for several feet around the end of the tube was formed, and I readily ascer
tained that it was due to the escape of the charges of the particles as soon as they 
passed out into the air; for it was only in a nearly perfect vacuum that these char
ges could be confined to them. The coronal discharge proved that there must be a 
medium besides air in the space, composed of particles immeasurably smaller than 
those of air~ as otherwise such a discharge would not be possible. On further in
vestigation I found that this gas was so light that a volume equal to that of the 
earth would weigh only about one-twentieth of a pound. 

"The velocity of any sound wave depends on a certain ratio between elasticity and 
density, and for this ether or universal gas the ratio is 800,000,000,000 times 
gre.ater than for air. This means that the velocity of the sound waves propagated 
through the ether is about 300,000 times greater than that of the sound waves in air, 
which travel at approximately 1 ,085 feet a second. Consequently the speed in ether 
is 900,000 x 1,085 feet, or 186,000 miles, and that is the speed of light. 

"As the waves of this kind are all the more penetrative the shorter they are, I 
have for yea.rs urged the wireless experts to use such waves in order to get good re
sults, but i t took a long time before they settled upon this practice. 

"Although the world is still skeptical' as to the feasibility of my undertaking, I 
note that some advanced experts, at least, share my views , and I hope that before 
long wireless power tr-ansmission will be as co1Tl11on as transmission by wires . " 

According to Mr. Tesla, the present broadcasting station does not propagate Hert
zian waves, as has alw-ays been supposed, but acts more like an "ether whistle" -
transmitting waves through the ether similar to the waves transmitted by an ordinary 
whistle through the air. He also expressed his disbelief in the Heavenside layer, 
and claimed that the reflection of waves back toward the earth was due to the change 
of medium encountered at the vacuous boundary of the atmosphere. 

At Colorado Springs, about thirty years ago, this scientist had a Tesla coil 
seventy-five feet in diameter which produced voltages above 12,000,000, and sparks 
over 100 feet long. Electrical flashes were created which were the nearest approach 
to lightning that man has ever made. During his experiments there, of over a year, 
Tesla claims that he transmitted a considerable amount of electrical current to the 
other side of the earth. It was upon these, and later experiments that he bases 
his present prediction. 
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New York f!o.r ld 
Nov. 29, 1929, p. 1 0, co 1 s. 4, 5. 
MR. TESLA SPEAKS OUT 
To the Editor of the World: 

Permit me a few words of comment relative to The World editorial of Oct. 21 in 
which I am directly concerned. 

Edison's work on the incandescent lamp and direct-current system of distribution 
was more like the performance of an extraordinarily energetic and horse-sensed 
pioneer than that of an inventor; it was prodigious· in amount, but not creative. 
The lamp itself, consisting of a carbon filament in an exhausted globe, was well 
known and even patented years before. Crookes had employed incandescent conduct
ors with leading-in platinum wires sealed in the glass and obtained extremely high 
vacua: the multiple-arc arrangement was frequently shown at institutions of learn
ing, display windows and exhibitions with Geissler tubes; electric generators had 
been constructed, means for regulating current and voltage described and canali
zation of electricity was as obvious as that of water, gas, compressed air or 
other corrmodity. 

Irrespective of this, however, his primitive scheme of lighting was subject to 
fatal economic limitations and could have never proved a commercial success in 
competition. Indeed, during the past thirty-five years it has been almost wholly 
displaced by a more practical and efficient system based on my rotating magnetic 
field, a discovery which even hard-headed engineers and pat,ent lawyers have de
clared to be "one of the greatest triumphs of the human mind." To convey an idea 
of the extent of its use I only need to quote Dr. B. A. Behrend, one of the fore
most electrical experts, who in his book on the induction motor says: 11Were we 
to eliminate from our industrial world the results of Mr. Tesla's work the wheels 
of industry would cease to turn, our electric trains and cars would stop, our 
towns would be dark, our mills dead and idle. So far-reaching is this work 
that it has become the warp and woof of industry ... 

Edison and his associates bitterly opposed the introduction of my system, rais
ing a clamor against the 11 deadliness 11 of the alternating current, which proved 
very effective and led to the adoption of a commercial type of machine in electro
cution of criminals, an apparatus monstrously unsuitable, for the poor wretches 
are not despatched in a merciful manner but literally roasted alive. To the ob
server their sufferings seem to be of short duration; it must be borne in mind, 
though, that an individual under such conditions, while wholly bereft of the con
ciousness of the lapse of time, retains a keen sense of pain, and a minute of 
agony is equivalent to that through all eternity. 

Had the Edison companies not finally adopted my invention they would have been 
wiped out of existence, and yet not the slightest acknowledgment of my labors has 
ever been made by any of them, a most remarkable instance of the proverbial un
fairness and ingratitude of corporations. But the reason is not far to see. One 
of their prominent men told me that they are spending $10,000,000 every year to 
keep Edison's name before the public, and he added that it is worth more to them. 
Of course, in all that unceasing and deafening shouting from the housetops any 
voice raised to apprise people of the real state of things is like the chirp of 
a little sparrow in the roar of Niagara. So it comes that very few have a clear 
idea of the situation . 

In truth, my system has not only provided energy for all purposes throughout 
the world but also revolutionized electric lighting and made it a great commercial 
success by reducing the cost of power and increasing enormously the distance of 
transmission . The greater part of the $60,000,000,000 which, according to 
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President Hoover 1 s statement, represented the value of electric business, can be 
traced to my system and its effect on the lighting and other industries . In view 
of this I feel that I also have done much to dispel darkness. Surely, my system 
is more important than the incandescent lamp, which is but one of the known elec
tric illuminating devices and admittedly not the best. Although greatly improved 
through chemical and metallurgical advances and skill of artisans it is still in
efficient, and the glaring filament emits hurtful rays responsible for millions 
of bald heads and spoiled eyes. In my opinion, it will soon be superseded by the 
electrodeless vacuum tube which I brought out thirty-eight years ago, a lamp much 
more economical and yielding a .light of indescribable beauty and softness. The 
technical resources of that time were inadequate to make it a practical success, 
but most of the difficulties will be overcome when cheap quartz glass becomes 
available. 

No amount of praise is too much to bestow upon Edison for his vigorous pioneer 
work, but all he did was wrought in known and passing forms. What I contributed 
constitutes a new and lasting addition to human knowledge. Like his lamp, my in
duction motor may be discarded and forgotten in the continuous evolution of the 
arts, but my rotating field with its marvelous phenomena and manifestations of 
force will live as long as science itself. 

NIKOLA TESLA 
New York, Nov . 5 
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The World editorial March 28 must have instilled a holy fear in the minds of some 
of your readers. Of course Marconi could not help astounding people, but surely it 
was wrong of him at this critical time to scare the United States Navy by the state
ment that he could halt the progress of electrically driven dreadnoughts, which 
would mean certain doom in an engagement with toe enemy. The thought that my beau
tiful induction motors used in their propulsion might be consigned to Davy Jones• 
locker in this easy manner caused me some anxiety until I satisfied myself by a 
little calculation that the maximum power transmitted - expressed in units more ap
propriate than the conventional -did not exceed one-millionth of a 11mouse-power . 11 

Except to the layman there was nothing remarkable in the performance, considering 
that sea water has only one five-hundredths of the resistance of solid ground and 
that there were no towering objects in the vicinity, thus reducing very much the 
size of the plant, Marconi accomplished nothing more than was known before. 
The infinitesimal currents received were amplified, relayed repeatedly and made to 
actuate local means, as usual. This can be brought about in more than one way; but 
as a rule, a form of amplifying three-electrode tubes is employed which I described 
in my experimental lectures before the Franklin Institute and National Electric 
Light Association early in 1893. The modern tubes embodying the same principle are 
marvels of workmanship, but less sensitive, because they lend themselves only to 
relatively small voltages. If suitable means were provided, any wireless amateur 
could magnify as feeble a disturbance as the patter of feet of a fly sufficiently 
to precipitate a veritable earthquake at the antipodes. The shrewd Italian did not 
give a ·description of his apparatus, but from his previous records one may safely 
infer that it is old and well known. It is gratifying, however, that he has aban
doned the ridiculous arrangement of a 11 beam system, 11 which he claimed to offer 
11 limitless possibilities ... 

Your reference to this first announcement thirty years ago has stirred up in my 
memory unp 1 easant reco 11 ect ions. To the pub 1 i c the transmission of a weak wireless 
signal across the Atlantic appeared almost like a miracle, but, even if a fact, it 
was a paltry engineering achievement, for I had already shown by experiment over a 
year before that the earth may be excited like a wire of small dimensions and that 
current impulse from a powerful transmitter could travel through it as much as a 
million times before its energy was exhausted. But this is immaterial. I only 
wish to call the attention of your readers to the circumstances. 

Some time after the experiments with the classical Hertz devices conducted under 
the auspices of the Imperial Post Office in England, Sir William Preece, then head 
of the department, wrote me a letter conveying the informati ·on that the tests had 
been adandoned as of no value, but that he believed good results possible by my 
system. In reply I offered to prepare two sets for trial and asked him to give me 
the technical particulars necessary to the design. Just then Marconi came out with 
the emphatic assertion that he had tried out my apparatus and that it did not work. 
Evidently he succeeded in his purpose, for nothing was done in regard to my proposal. 

He furthermore declared at a later date that wireless communication across the 
Atlantic was impossible because there was a wall of water several miles high between 
the two continents which the rays could not traverse . But subsequent developments 
showed that he had used my system in secret all the time, received the plaudits of 
the world and accepted stolidly even my own congratulations, and it was only a long 
time after that he admitted it. 

NIKOLA TESLA. 
New York, April 11. 
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perish. . . 

Virtually nil ou r energaes are derl\·ed 
from the ~un, and the ~rentest triumph 
we hnn: achieHd in the utiliZittion of its 
undying fire is the harne~sing of water
fulls. The hydro-I'IE'c tric pro<·ess, now 
univtr~nlly etoiJiloyed, ~nahles u~ to ohtuin 
as mu<'h as ei,:hty-fh·<' per <'t'n t of the 
solar t'lll'rj!y with au:o('hino·s of .-ituoentary 
siiUJ>Iio-ity whil'h, h.1· · ro·,orl in!! t•• tilt' l:ot
•·st ionprll\"t•nu-nts in the h•t·hnit·ul arts, 
mlJlht Lie 111ath· <·:o pu loll• nf .-n<lu r ing fo r 
centuries. 'J'IIt'~t' mh·antuf!:<'S are entirely 
cxccptionnl, l "t'f)" st• riuu~ h:uulk11ps nnd 
~ereat, unn,·oidnhlc lnsst·s •·onfrontin~t us 
in all other transformations of Ute forces 
of nature. I t is . therefor .. , desirable in 
the interes t nf the world as 4 whole, 
that this pn•C'ions rl.'snn n·e should he ex
ploited to the li11nit. J udj!ing frnlll the 
a\'ernjre hei~tht of thr wutcr di~<·hnrgrd 
annn .. lly frn111 llw t•lnoltls, ami tlu· '"''"ll 
fall uvl.'r the llj.tj!ro·J.(alo· lnntl surfn<•o·, the 
total terr•·-~trinl wnlo-r )HIIVI'r nuay he 
theoretlcalJy estinoah·cl nt t.-ro hillions nf 
horse power. or c·nur~('. only a part of 
that is suitrd for )lfll('lkal devrlopment 
and relatively littll' is nduully ntilized
twenty-fh•e per <'l'nt, p<'rhaps, in the most 
advanced cnuntrirs, Jes~; in other~;, a nd 
there are sooue in which not even the 
~ercmnd has ht•t•n l.rnk .. n. Great waterfalls 
exist in muny in,.•·<·•·ssiult! rel(ions of the 
~tlolm and aww uru:s ure IH"illj.C cliso·nv
ered, all of wloi<-h will he t'ventuolly har
ncs~t·d wht·n lhr wiro·lt•ss lr11 nsmissinn uf 
energy is <·nnunl'r.-ialir.rcl. Thae is foun
dation for hope, ltowe,·er, that our pres
ent limitations in the amount of the 
11\'ailable powt•r uuoy he~ rcmovrd in the 
future. Thrl'e-quurtns of the earth's 
su rfa(·e are <'O\'ered by the oceans and the 
ralnfall over ull this ''liSt area Is useless 

Above and at the rlcht. the arrana:ement of 
one of the creat t errestrial-heat power plantl 
of the fut~tre. Water is circulated to the bot· 
tom of the 1halt. returning as steam to drive 
the turbine. and then returned to liquid form 

in the condet~.aer, in an uncndinc cycle. 

for our purpose. Much thouttht has heen 
~-tiven to artificial procluctinn of t·nin, hut 
none of the means proposed nffo·rs the 
s lightest chance <>f su<"cess. Bt•si<lt>.~. so 
fur only the precipitntion in a linoitt•cl 
ro·l('inn wus t•nntcm plnh•cl, ll'ndnj.( t he lotnl 
t)llnntity of moisture for the t•ntire lund 
un<-hangcd o•xccpt ItS modified thrunJ!h the 
nnturnl tt·nclc·au·v uf tloe orrnns tu cli\"!·rt 
annre unci tunr~ wul<•r fnuto tloc <"llltli
nents. The real nn<l importnnt pruhit>lll 
for us to solve is not to lJrlnj! uhout pre
<'ipitation in any chosen lo<·nlity. hut to 
reverse this natlrrul pro<'t'SS, drnw the 
Vapors from tlw st·us unci tlll'rchy ino::rcnst,, 
nt will, the rninfull on the lnnd. Can 
this he dun!'? 

The Mill raist·s tlw walt-r tn 11 lu·i~-thl 
\vhe·re it t·c·uonins in 11 state ur olt'lio·ntl' 
Sot,~ot·ns iuu lllllil ll dis t u rhauc•e, uf rl'la
tlvely insi~nificant l!nerl!y, <'nuses con
densation ut a pluce where the balnm·e 
is most ensily dis lurhetl. The uction, 
on<'e started, ~pn·acls like 11 e()nflagratinn 
for a vacuum is fo rmed and the air rush
ing in, hl'in~ c·oolrd loy <'Xpnns iun, en· 
hnn<'e.~ furtlu.r niii<IPnsntion in thr sur
roundinj! nuass('s nf t•lmocl. All lift· till 

the glnhe is 11hsohatt'ly clt'pt•toclo·nl un this 
jl'i~nnti<' tri~t~-tc•r Jllt•c·h:auisn• of naluo·o· 11111! 

my <'llh'uda·tl nh.o;•·n·utiuns han• shuwn 
!hut the l'lllll)'lo·x ..tfo·ds uf lij.!hlnin)! :oro·, 

in onos t t"IISI'S, the cltic·f t•omlrollin,_c a)!o·nl'. 
'l'his thcnry, fnrmulated hy '"'' ·in 1/l!l:l, 
wns bornt· out in "'"'~~' lntc·r t'XJ>t'rit~tt•nts 
1 IJIIU]c willa nrtilidnl li)!lttniltj.! lt<olls tJ\'o•r 
100 feet long, ac<·ordinJ.( to which it ap
pears possible, oy grent power pbmts 
suitably distributed nnd operated ot the 

By NIKOLA 
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Internal h..-.t 
of the earth 1• 
creat and. ill 
coms;>ari
aon w :ath the 
demand• which 
man can make 
upon it. is 
practically in· 
exhaust· 

ible: s i n c e the 
- heated contcntl of 

11!e cut" ar, oex· 
tilliono ol tono. 

)II"IIJ'I'r titllt'S, Ill 
d ,. 11 w unlitu itt•tl 
quantities of wn
tt• r from the 
o ,. e u 11 s to the 
<'ontinrnts. The 
madtiau·s !win)! 
drin·n h1· wutrr
falls, nil "tht• work 
w 11 u I tl he )H't

furntt•ol hy tiw 
~1111. , , . hi 1 t' \l't' 

would ha\·,• UU' l't'

)1· tn rckase th~ 
tr·ij:)!<'l'. I n this 
mututt•r we onij!ht 
uht;oin suflit-i<-nt 
eneqr~· fwm f llll
inl!' water t o ttro
vlde for all our 
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Motive 
TESLA 
I · . ... 
I • ... 
' 

" . . ~"·'"':'l ~ •. 'C'", " · :-~ ': • 

· t''ifi~· .. 
··:a -~;;:~: ,.. . 

we 
<'reate nrw 

lake·~ ;, il cl 1' i\•1• t~. 

inchu·e· n luxul'iant 
flura a ud fa una 

and t'nnn·rt <'V<'II IIU' ariel 
'<111<1, of <lt•."·r·h into l'il'h, 
fc·r·tilc· ~uil. 

But tht! full r.•nlization 
ot thi~ irh•a i.o; rc· •·r n•utolc•. The 
hurcl fad i., tlllrt 'unle~., rww rc
Mittl'('<·~ urt· upt•Jwd up, •·•u·rJ!y 
<lo•rivo·d fr•oorr fuo·l will l'<'toruin 
011r <'hicf rt'iinu•·•·. Till' llwr·urn
dpluJuic prnn·,s is wasteful ond 
harharuns, espe•·iull,v when hnl'll
inK c·oal, thr miuinK of whiC'h, 
<!<·spite of rnmh·rn iurJrrnVt'llrt'llts, 
still involn·~ untold hardships 
nncl danj!t'rs to tlrt' unfortunntes 
wlrn are <'nn<l<•um••tl tn toil d rt'p 
in the hnw<·ls of the· t•ru·th. Oil 
unci natnrul )!II-~ nr•· imroli'IISt'h' 
S"flt'rior in this and other re.. 
spects a nd their use is rupidty 

Power • 

The ambitious 
a c hem e pro• 
posed here 
d r • w 1 power 

from the depths of the sea, util· 
!cine the warmth of one !aye~, 
brouch.t into contact wi-th the 
cold of another. to operate c reat 
power plants. Ita practicability. 
u we!l u the theory of its oper• 
ation. ia analyz.d in thia re--

markable article. 

extending. It is qu itt' t'l' i<lent, 
thou~rl•, thnt this squanclerlnjr •·amwt !!" 
on indetlnltdr. for geoln!(i•·•tl inn-·sti~ru
tion.~ ·pro1·e our fnt•l stort's to '"' li1nitt'tl. 

j!Tt'at has ht'<'n tlw <lrnin <m tht'm of lult• 
~·<'nrs thnt the S}>t'<'to·r of <':xlumstlon i.< lllollnin;! 
up thrt•ntt'nin ~rlr in tht• distanct', and e1•erywht·r .. 

tuinds of t•n:;cin<'t•rs nn<l in\'entuT~ ''"" ht"nt upon iu· 
c·n·a>.illjr th .. •·flil-h-n•·.'- t>f known methods uru.l dio,•n•· .. rin;.: 
IH'W suu rt•t•s nf puwc1·. 

Nutnn· has ('1'11\'iolo·d lllllll>un
duut -'"1'1'1~· nf Cllt'I')!Y in \'.nl'i
nus farrus wlri<·h uri)!lrl lu· c·o·n
nollli<'alh utlliY-1'<1 if prup•·r 
means t;ncl wnys <''Ill ht• cle- \ ll;,,.,::'C:!,.,;,;'J 
\']Sed. The sun's rays fnllinl( 
upon the earth'.• surface repre
sent a quantity of eneqry so 
enormous that but n small part 
o f it <'nulrl met•t 1111 "" r ct .. -
llllllltl.~. Jh· nurrual inl'i!lt•nt•r 

The "cryollhoros" is w ell known as 
a 1cientific toy. exemplifyinc also 
the principle of refri&crating ma· 

chinery. 

!Ire rat•· i., ·IIH'<"IJ:nlinoll~· ••qui\'Uit•ut tn nhnnt !l!i fnnt )ll>nllll< I"' '' 
~'11111 r(' fnnt po·l' M't'ouul, m• IH'III'IY 73tlll ho>r.<•' pi11\'t'r Jl<'l' ncr · 
of !(T<lii!Hl. ln tlw •'•Jiratnrial l'l'jrinns tho• nu·an annual r·:~t · 
is :oppr11xiurafo·ly 2:1:!ti n1ul in UIH' latiltul.·s li:li lrur>t' puwo·o· 
fnr the saml' an•a. By usin!( the h••at In )!l'IH'ralt• sto·uru :uul 
upt'rating n turhint' unch•r hi)!h \'II<'IIIIHI prohuhh' :!On lwrso· 
JIO\I'rr prr nl'rf rnnld hr oittuint'd as Jll't t~st·fnl pt;ll't'r in tho•s,· 
pnrts. 'l'hi.s wuul<l h,• \' t•ry ~atbfao•lury W<'fi' it nut t'ilr tlo • 
•·nst nf tho• appao·ufns wlril'l1 is jrl'o•:otly illl'TI'I"''d hy lht• IW<'o·~· 
,,i f_v uf c·ueplu~·inj! a ~tllr'nl(o' plronl Mltlil'io•ul In t'IITJ'Y lht• louol 
ulrnnst tlu'<' <'· •JIIIIrfl·r·., nf l11<• tinw. 

The cno·•·~r~· uf lijrht ruys, l'nnstitulinj!' uhunt ltl% uf till' 
total raclintinn, mi)!lrt ht• cnptnre<l hy u c·ultl a111l hij!hly t•tlit'ic·ul 
prll<'t•:;s in phutu-1'1•···1 ril· rdls whkh 1111ry ln'I'IIIIH', ''II this 111'
•·nunt, nf J• rat'lil'nl irnpurtmu•t• in lhl' futuro•. S•>llh' pruJ!r'''' 
in this <lirl'l'tion hus h••t•n niJ·,•:uh' udoin·•••l. lint fur th•• tinll' 
ht'ing it uppo•ars fr·11rn 11 <'nrt•ft;l t·-tiuurh'. thut ~ular p•>Wt•t· 
<l<·rin·d from ru<liunt lll'ut •nul lij!ht, o'\'1'11 in tlw trupi<''• 11ft'o•rs 

'illu!l oppnrtuuith•• fur p r ndkul ··~plnit :!l inn. Tlw t•xist in,: 
hundic•:rps will lw lnr·j!o'l)· rt•rnu\'1'<1 whl'n II~•· 11·irl'lt•ss llll'thnd uf 
p11Wt'r hwrnsmissinn t•mut•s intn nst·. Manr plants ~ituntt'd in 
hot zones , ruuld thl'n I.J,- llp<·ralil't·ly t·oun<·c·h•d in n }.(rent 



super-power system to supply energy, at 
a constant rate, to all points of the globe. 

The sun emits, however, a peculiar ra
diation of ~-treat t>nergy which I discov
ered in 11199. 'fwo yenrs previous I had 
been engaged in nn investigntion of radio
activitY which med me to the conclusion 
that tite phenomena observed wet·e not 
due to molecular fnn·es residing in the 
f.ubstances thernseh·es, hut were cau~ed 
l•y a cosmic rny of extraordinary penc
truth•eness. T hat it enumated from the 
f>Un was an obvious inference, for although 
ma11y hean•nly bodies are undoubtedly 
possessed of n !simi Ia r propert~-. the total 
radiation whil'h the earth receives from all 
the · s u n s !lnd 
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measurably improved, we may find ways 
of capturing this force and utili1.ing it 
for the attainment of results heyond our 
prr~ent imagining. 

The tides a re often considered AS a 
~ourre of motive power 1md no·t A few 
engineers have expre~sed themselves fa
vorably in rt>gnrd to their use. Dut as n 
matter of fnct, the energy is, in most 
places, insignificant, the harnessing of the 
wa terfall over an acre of g round yielding 
but little more than one horse power. 
Only In exceptional locnti<ms cnn the 
puwer of the tides be profitably devel
oped. 

It has been the dream of many an in-

FIG. 'I 

December, 1931 

twent y-four hour power co111parnblt> to 
that of a waterfall. Thus we are lt><l to 
runsider tt>rrestrial heat as a pos~ible 

fountain of unvarying energy suppl:y. 
Terrestrial Enerl(•· 

lt is notc·worthy that alrt•il(l~· in 11'1.~2 
J.ord Kdrin culled attention to natural 
h .. at as n sonr<'c of JtOWer m·11ilahle to 
\!an. fiut, ('.untraT\" to his hahit of 
J!<>ing to the huttum 'or cn·ry suh,it•t•t of 
hi~ i•westigation,, he contentt'd himself 
with the mere SUjCj!'CStion. Latt•r, wh·en the 
lnw~ of thermo-dvnamics hc•<·nntr Wt•ll un
d!'rslood, the pr~spects of utilidng h·m
p .. rllture differt'n<:es in the tll't>an, solid 
t•arth or the ntmosphere, have Ol'!'n oftt>n 

exntllin•••l. It is 
\n•ll knmn1 thnt 
th,·rc t•xi.ots, In 
tropical seas, a 
dift"crcnce of so· 
F. between the 
surfnt'<' WHt!'r 
anti that thrt•e 

hclu w. 

&tars of the uni
verse js only a 
little more than 
one -quarter of 
one per rent of 
that it gets from 
our luminary. 
Jfenre, to look 
fnr the <·osmic 
ray elsewhere is 
much like 
*"chercher le 
midi dans les 
en ,·lrons de 
q uat orze 
beures." ~ly 

theory was 
strikingly con
firmed when I 
foun<l that the 
sun do e s, in
deed, emit a ray 
marvelous in 
the lnconreiv
ahle mlnutent>SS 
of Its particles 
and transtend
htg speed ot 

Desien of a ve:aael to be propelled by enerey derive<! from temperature differences in tho water. The 1ymbob 
deaienatinl the operatine mechan!tm are upla:ined in the text. 

T h ,. 1<-mpo·rn
t 11 r ,. u f I h t' 
forn,..r. lwing 
suhjrrt to \·nri
ntiuus, cn-c:.·ru,res 
82" F., ""hi I e 
that of the lat
ter is normally 
ut lrast, (It 82° 
:F·., nr nt·arly so, 
ns the rc•ult of 
the slow influx 
uf t hl' kl'·t·ul<l 
polar strenm. In 
sulitl land tht',e 
rt'lntiun• nre re
' ·erM•tl, tht! tcm
JH'rnturt• in
c·r~ushtj!' ahnut 
one d ,. J.: r r c 

tlot•ir motion, vn~tJ.,·· t•xr .. Nlin~ that of 
lijlltt. This rny, hy impin~ing lljlflinst the 
t·n~mic dust Jlt'nt·rntes a sct•tmdnry rndia
tinn, relntl\·•·ly ,.·<·ry feehle bnt fairly pen
etrnth·e, the intensity of which is, of 
<"~urse, nhnoht the snme in aU directions. 
German scientists who investigated it in 
1901 assumed that it carne from the s tars 
and since thnt t ime the fantastic idea has 
been adntnced that It has its origin in 
new matter <·on:stnntly created in inter
~tl'llar sp11ce!! 'We may he sure that 
tl .. ·ro: is no plat·•· in tlw univt•rM• wlwr" 
h•lt·h 11 fluJ!rant viulatiun of nalltrnl lnws, 
It' lin· lluwiul! of w:d o·1· uphill, ;., i"'"ihlt·. 
I 't•rhaps, Mlfltl' tiuw in tht• ful nrc when 
~mean& of in•·e~tigation will be im-

• ··To look for noon ~\J'()11Ju1 ::! o·rlork. tt 

Fundamental plan of a aystem whereby the trans
fer of vapor brtwecn two vessela at different tem .. 
per•tur" drives tbe arma tUrf.. of an electrical 

cenerato:. 

•·••ntor to nl iii•·•· tlw r1wrl!'y o·f tW<·an 
Wlll't•s, whido is t'tlllsitlt•rnhlt·. Hut nl
tltnngh numerous sd1eme~ llllve ht•en nd
' 'llnt'ed nnd umch inj('enuity shown in de
vising the 111eehanical meuns, nothing of 

FIG. 3 
A more complele Rkottch or the thermoclynarnic 
tiYZ'{ tcnl, in whh.:h the ucce~g;u y dt:ttrec u:£ v~H uUnl 

Is produc<d by the sue <ion pump E. 

conun<'rcial vnlllt~ l tns so f111" resnltecl and 
the• pro,;p•·•·ts an! vt·ry poor on mTtiUrtt 
of lcdtnit-al tlillit-llltil's anti the .. rrntic 
d11.radcr o£ Litis power source. 

'l'he force of thr wind can lw mnl'h more 
CM•ilr put to our servke anti has hccn in 
pradit-al usc sinn; titnt:s itnlltt'morial. It 
;, invaluahh• in ship P''"l"tbinn mul the 
win<llllill mu't he .-.·t·ionsly rq!al'tl!'cl as a 
P""'~"r j.(t'll<'Ta 1!11'. If I lw t·usl .,r litis 
t•tllllllltlllily .\hlluld 1-(r«•ally illrrt•ast• 1n• ll'ill 
hi' lilu·l" lu _....,. lht· <'UUillrks clullnl with 
th(·~c tilltc-honun·d <"ttntl"ivanct•s. 

U nfortunately, th" value of a]l tll!'sc 
r1'1<1lll r<'<'S is vt·ry uutt'h rt•tlu<·rtl by 1"'
rindic and tasual \'uriatinns, anti Wt' urc 
clri ven to search f<lr a source of constt~nt 

Fnht•, fur <'<'t•rv 6~ ft•l't of dt·M·I"ltl. \"t•ry 
~-trt"nt tlifft•ro•tu:,., un· ulsu knuwu lu ,.,;,, 
in the uhnuspht•n·. tht• tcmpt•ratnn· ditnin
ishing with the distnuce nbo,·e the cnrth's 
.,urfat•e ar<'nrdinjl to n c·otnplt•x fundion. 

Hut while ull this was of t•onmaon 
knowledj!'e for ut least 1.~ l'~nrs nnd the 
utilizntion of the hent of ·u,.. t•ul"th fur 
power purpost·s 11 suhjed of ~P<"<'Ulation, 
no de<'idecl u ttelllpt to this end seellls to 
hnve uet'n nwdt• until nn Amt•ric•n.n en
llhu·t.·r. wlu,~t· llilltlt' 1 h:n·t· ht~t·n unahlt• 
tu aM't•rluill, pt·npu:-.t•tl tu upt'rntc t'll)!'illt'S 

hy '''""'" j!t'ltl"rlll!'<l in hi~-th l"llt"ntllll frulll 
llw \\"Untt ... urfat'P wult'r uud nuulc·u:!<ot'tl 
hy flu· !'uld wnla (•lllll(l<'d frt>llt u ~tro·:ot 

tT.,pth. A fnlly am! (l..' tJil(illl"<l u11 l'"!J'· 711) 

FlO. 4 
Here the wat~r. or other fluid OJ>cratin~: the tltr• 
hinc D is kept in a dosul Nysl~nl. l"irc;·ulatiHK 
through condenser-S immersed in water of differ-

ent temp(ratnrcs. 
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Gt>t Strong! E ·nJoy tbe thrill whltll glnnt 
Mrl'n~tth (1'1\'I'S to the vnnlty onr~runn. He 
mu.•t be "llwre" to •tnrr•l the urnin and ..,,. 
dure the grcnt~st nnd most t<•rrltlc strength 
t ••et J)llt t o Bny othl<·t~. It )'II\\ wnut UtM· 
~lve 'houldl'r- a. mh:ht:r ch•·•t-nrms llkl' 
lron,-n toowc·rful lmrk-lr.n llkr r>lllnrA ot 
~t~N noo<l no nil nrnnrul pl'r!cet nthl••te's bod~-. 
l'lOJI <lr.·llllllnt;. Worke II(\ I The lnnntlon or 
t h~ YI::· UIIW Ill 1 he nu~wrr 1•1 yunr drMUJ. 
'l'hp \'1;:-Uow 1\'IU cr.•nh•ll n rul hullt by n 
urnn 1\' hO lrullt Ills own bmlv !nom a wrnk
lln.: ''' lhut n( n rhollnl>l,ou-the Ylg-Rul\' 
. , frt•rM: llml.\'•hull,U~tJ! prlau·lplt·s Dt' \'t•r rrveath'•l 
I " till' Jlllhllc lwfurr l"••·n rr•e It 111 the on))· 
tnou·lthll' ur It• khul hnllt IJy n nonn whn 
toouh•r-tnrul• uuo••·ln hnlltlhu:. 'l'h<' ''1~:-Ituw 
I• I b•• lll•rft>et th•\'ICP fur kl'l'l>ln..: llt 0 lUI JCI'I · 
t hur otrnn~~:. Jlr ""'" to tovc~IIGRt<l the VH:
UOW !-You will nr.:r<'e thnt It Is the grent· 
r~t nn<l mo~t l><'rft•ct rnwlng mnehlne evrr 
rnnrkt•r.•cl, ·~~'1\flllc-•s of rrlre. lltt mnny f r:l· 
tlm·~ null ~·nu111· will nmnze you--ilur elo~:nn 
1.• --~'.\CT!l J-' Rl':T"-thr n the ow ll'----l!en<l 
n<> mnno·y-wrltc IIOW for nddltlonal free In· 
! ormation. 

E.aadae VIG-ROW First 
~1'4t"tt dnt~n·t l'trmlt tho tntlre ltOT7 abftut the VIR'· 

n ' '"'· Jc hat too mlln.)' rft;al f•nturu. There art too 
m:mr Tt'olltllll •-hr )'•>U should atlttt t be VII'·Rmt. "'e 
(h·n't a.k you to ('urdwn trona thll nd,trCiument-''"t 
f1o I Jk chat )'OU wrih~ for our lar't photoRraphlc ('lrcu
IAr so yuu ,.an ne •ntl rc.&llu the dlft'erenN youraetf. 
\\'rtu~ tor tru t.rtt ""'"· Unn'l b117 nO\v, rrom us or 
••u·ont tllt--C."'rnatue--tua:alne--teJ&-don't bur • ut 
In the h1~1-Wtllt u1 now ••nd «et the wondtrful corn· 
t.•l~le \ ' II· Rem· 1tor7 thllt. brlnu you tbt reuon wh:r )'ou 
''lU be JlrouJ .' o O\\'n a ''lipRow. 

FREE Jnatructlona 

1 tn~·llnttl rramt 
fM true roo.·· 
Ina nuMkm 

2 nuhtJtr "Ahte1•. 
olltrn l.lur
lniS 

!) Arth tUDJ'If)tt· 
lnr roo1 rr-t 

4 Jt.omne. tOC'H'· 
tiiUn« aS u • 
mlnum sut 

G Pollslofll hord• 
wood tr•m• 

• l nauntlr ad)ull• 
able procr~· 
..... f'lftl'h · 
lnJ. tlih'llt h .,l ••••1 ~ltfht~t 

~ r tat/dtm r ,. r 
uan~ttnl tJ· 
rrrl•••· 

8 A Jutu\num tNnt 
9 Uuuhl<" roUtrs 

10 \'enll11ttd llnn• 
\!Itt 

Don•t und a 
C<'ntl •·m In 
cuapon Oll t l 

ma\\. t~ll dato.i~• 
frtf by r • t ~ r n 
m .ll. 

rAMERicu " CAPPLi'Aii'c'EcG.:'" - -
zJt Brttdwor, Dt;,l. 2712, Now Yerk 

I 1'1•.,• ••ncl •bs~loolfl1 rroo and wllhnut ohllr11t1on 
tull detllh 11h1~1H j.'OUr 1\ltruh.•rful \'h:· ""n" ron·tne lttn· 

11 1·hlnt>. AtJO rutne oue of lhn~t frte tnavuNinn 
··ourtta. l hne rhe<:bd fllll1 or pm·chlse tbat lnler
t'~U me. Jr 1 J eeldt to llllrrhue a V!J· Row. J :J Caah I.,.h e 0 Jnslillln.umt l 'IIAil. 

1 No .. ...... .......... .................. Ate 

'""'' .. .... ......................... ·············· 
l CIIY •• , ........ .. ....... .. ... .. . . . state .. .. ..... .. 
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Our F uture Motive Power • 
(Contlnu'd from pag' 28) 

<':ll'<'tully wnrkf'fl out r>lnn ot this kind, 6111>· 
p urWd by ti~:ttr~" unol e•tlllltlh:~. wu• wnb· 
tnlttecl by him 1\o J•romlucnt cnpltnllste nu•l 
Juu<lu"s" noeu ot Xc\\' Yn rk nbout CiO yenre 
Rl!'<>. Jle uot unly Clllltcmr>lnte<l tile tlro· 
•lowtl11u n111l •IIMtrllontlcon of JIIIWCr t o r s:~u· 
Prul n•e llut hH~IIole•l e1·eu to propel loonta 
hy etlt·rr:y •lerh·~·l lu the enme manner, 
n•lu~:. lll'l•fc•ruloly, 1'1 her n• workln~r llulcl. O n 
ut·t·~tuult ur hll4 th'n1 h. ur for other Tf'llMODM, 
tilt! vrojccl wuw uot carrlet.l Into pro~~ctlce. 

O t tbl" T IPnrnNI much lntl'r whlln T In· 
IPn·•ll••l !u my llltHnattur: MY•tcm A lfr~cl ~
Jh·nwn. o wt•ll k n,,wn t•!Chulcnl expert. 
l!;tlle•l II !loll to cxn mille the merlle of my 
hO>·err llun•, n lul C. 1>'. l'l'Ck, n •IIBtlngul•h orl 
lu"·yrr, who urJ.muize•l n cnut1anny fc•r their 
t•tllllllll't t'lu l lutl'utlltt..•tiou. 'rlu·~<' Uh•n were 
""'" ";.: the llr•t ni•IH·unclu••l loy tho e nginee r 
111111 .:unslderc ll hls plnn rnUunnl In principle, 
lmt the 1•11"' !lues, pumps, en~rtneB, bollcl'l 
naul cuoult'u•ers lnvolveol too gr~>nt nn outlay 
nuol, b<••ltles, n prolltnhle <IIMJ\OMal of the 
[IIIWI'r wn& <llftleult nnll uncertuln. My dis· 
co,·pry ot the rotntln~r mn~rnetlc tlchl brought 
ohuut n l!bnn~ In tl1c situation ancl hi their 
attltncl<'. They tloo nr:ht tllnt tr the energy 
Cutold he ~'CIIIJOUII<•IIJiy trllh811tl!tt.~l to ell~· 

tnnt rlnct'a l!y my ~y~1 r111 unol the cnat uC 
thn ot<·un 1•lnnt anl oktantlnlly re•lncetl, thlk 
ft,..•hau•tlllh• •uoor<'<' 111l~:ht lo~ ~~~~· ... ••fully 
<'XI>Iulh••l. Mr. l'c••·k houl holhu•ntlnl c•uUOI't'· 
tln ll"· tHH•tu~ thNU .Juhu f \ l luurc•. lho 
ft~nntJl'r of the hanklu;: huiiMt' h~·urhu: hhe 
11:11111'. With the t•X<'I't>llull or tho hllc .T. 1'. 
hlur;:nn. whn tuwet'tt•l nhtJ\'~ ull tlle \\·un 
!'11 rt't't Jl<'nr>le like l-lnmKon O\'er tbe l:'hllll· 
tiii&'H, llnnre wna tlrnlmloly the ~trnn~:e~t 
personality. l wn~ ~:h·cu to unolerdtUn•l 
thnt If l .-nnl•l <>Voh·e n r>ho n "ntl• tnctnry to 
l\1 r. Rruwu :uul oth•·r cna.:lue••r•. nil t he CUJ>· 
llal' r erru lrcol tur nn eutrrr1·l•o "" n ,·erv 
l:rr;:e ~•·niP, n~ ~untemrlnte•l loy tlll•lll, wnul;l 
' "' l>rolnptly fur nlllllecl. No cnenurnr:cllment 
trnon my nssnclntes wns nec,.lerl fur •Jeter· 
noltolng me to unclertnke the tn•k, ns the 
hl!·n nppear etl, nt llrs t, wontleJ·!nlly Jli.Oill· 
l•lu;: nu<l nttracth·e nlthongh thPI•c wu 
uothin~; nbuut It ttLn<lnmentnlly n e" ·· 

rn<IOUhl~tlly, the eRReutlnl COII<lltlon~ re• 
(]nl l't•cl tn oJl«>l"nte n tct~nut or other tht!rmo .. 
d)'ro:IOOOio' I'IIJ(IoU• .,.Hilt! hi' fulflllP<I, n C(IIIKiol· 
<-rahle tllUiflN'O\Ioorc rlltfcrrncc he lnR" 11\·nll · 
uhl" nt n il thneo. Nn proor hncl to lift tnr· 
nhd1r•l thnt hPat wo ul•l tlnw tru111 11 hlr.:her 
too n luw<·r lt•,·rl nnrl cottlrl IJc Lronetormell 
lro lo mPch:onlcnl work. Nor wnM It ueee•
Mt·y to •h"w thnt the Burfnr~ wnter. nl· 
tloo•n;.:b murh hrlow Ita normnl boollh11: 
Jlu lrot of ~~~· F., Cllll be l'<'R<IIIy Cflll\'ertecl 
loot" ~;ll'nm by ~uhjectl nf! It to n ' 'ncuum 
which cau•t·s ebullltlun ut any te 1111oernture 
huwe,·pr low. It Ia ot eommnn kn.owlecl~ee 

th~ t, <hiP to tbla ""'"" efl'~l!t, henns c11nnut 
be corokecl or elflt~ bnrtl ·hotlecl on hlib 
nouuntnlno. Alon, t .. r n like rl'aMn tnr· 
llh11•s hn,·e l~n n.-rerke•l In "''"'Ill l)nwer 
pin nh< wtrh the bollera cnmt•letely shut oft", 
the •llr:rhtly warm wnler In I he •Y'~tcm of 
C<Hoooeetlog p llw• helng empnrnl e•l ttn<ler n 
hi;:h ,·aeurrm lun.h·<>rtently nr>t>lleol. This 
bPioll\·l•>r or wnter. or 11<1111•1" In JCI'nernl, 
"'"" luul!' lo<>f•lfl' henntltully rxl'llllllltleol In 
tlu• .-lnK•lml •lo·~lrr cniiNI "c·ryuph•tru M" cun· 
~l,;:UnJ.!' of lwu C"fHU U UIIllf'ntlna: :uu1 cx11ftiiSifN1 
hul hs p:~rtlnlly lllle•l with llqnl<l. wbl<'h Is 
Pnii>Orntecl lo one nn•l eonolpn•e•l In the 
<lllt<•r. It wnB lnv<>ttl<'<l hy W . H . Wullns· 
ltm, n ,,...~nt F:ur:rlh<h ••·lt•rotllle nonn 111111 In· 
v•·~tl;:ntor (1761.1-ll't!~). who OrHt euuunet·· 
ci;lll7.e<l 1olntlnnm nnol wn• crecllt~•l b y 8omc 
In hn,·e nutiO'Ipnte•l l'nrn•lny In the tllH· 
cunry .. r rlectromn~netle rotutivn. 'l'h~ 
orlr.:hr:ll lostruouent hron~rht out nt tloe h~· 
(l'lunln~t of the nineteenth century hn<l ouc 
or the l•nll>s poocl<ed In lee w.th the ruult 
of frt•ezlug wnter In the 11ther. Contormably 
to tbc view• uf tbnt time It 1\'08 thuur:cht that 
th<' cnl•l ot the Ice wn• car r ied to tile "'nter 
oud ~o the G1·~k. 11nmc, u1eonln~ 11Cnld· 
ean·lcr," wns given to tbe device. Dut now 

, •. ,, kunw tbnt the r>r oi!C"k Ia of oppo•lte 
chn rncl er, tbe rre.-zlug llelug brongbt :llwut 
loy the tran,port ot the Intent bent of 
<'''" purntlvn fro m the wor m to the cold 
llnlh, One would nuturnlly lnf<•r tlwt the 
nt,~rnttuu wvul•l ccaasc ~~~ xuvu nM tl:w wut~r 
1,. frozeu nt I be. 811 rfaec, hut cnrllfltlly 
enun p:b t he IC!fl lt•r lr eonllnur• t o y ie ld •tHin 
nn•l It IN tlllly hPcan•<J uf thl• that 1111 ot 
the~ water !II Mulhlllle•l. We IIIli)' lum;.:lue 
lHJW JlUZZfiDJ( thJM fJoiH>lWIIU•Ilull UfJlWHrccJ 
uoure tllnu o ne ct:ntnry n~tn! 

The occnn vla11t I""L'"""'' hy the <'ll~lneer 
\\'liN nnthlnp: el•e hut Wulta•ton·• dedcc ot 
hOJA'C [lropnrtlon•, ndnpt!'<l fur ronthmoua 
u1oerntton arsd ton\•lng nn t'nJ!'In!' Interposed 
between the two culutn uulc·utiu~ ,.t~~H£~1M. ln 
•·•lluoootlnp: It• t he rm<o·<lynnoooir l'"rtormnnce 
till' lh·•t r··~~nll• 1 nul"e•l nt tlornu~:h the 
111ecllum of pall anti pl.'ncll falrl~' h~wll.•lcr~d 
rue. 'l'o lll• atrate by nn example, BII IIPose 
thnt e(IUnl <IIIRntltln, sur. une·bnlt rooun<l 
uf the warn• nnll ot t!tl' rt~hl w:rt~r. r.••p~c· 
th·ely, at s-z• anti az• il<"nhr<'nbelt, nrt• mlxe.l 
or put In ther mul e<rnlllbrlnnl otberwi~<'
The t1 rat will then gl\•p up tu tbe se.,ond 
1:!.:1 bent nllltM, mectonnlcully e<JUh'alent to 
07:!.i tout [>llliiHis-tb~ """"' 1mer~:y ·wbll!b 
wuuhl loe clc~'·••l<~l.,.•l In the fnll n( unP. JlOUB<I 
frurro 110 ~:rt.•lll :on nltltoule 11~ 0725 teet. The 
tlr'f'nm uf ruy Jlt,, ltn•t lu.,•n to hnrnet~l 
Xlttl!'lll'll, lou l lll'n· """ " :o full • lxty tlllll•K 
hl;.ch•••• uu•l ••f utallwht•tl \'uluuw. Th r.ube 
I h~ cohl wuh·r lu tlu- xur!at~t• ! ruua n.n7 
•l<'loth wloute\'t•r, re<rulrc••l but n trltlhw <"f. 
furt nnd n" uth~r Ju~ttt"'3 tt1:4u ~mecl n(lgn. 
l!'lhle I c•unehule•l tbnt If only n small por
tion of thla bn>otltetlc:ll fnll euuhl be ntll· 
h!t'tl, one of the J:reatP~t ••tuiJJf\-ms euulrout· 
lu~: humuulty would be ~ol\'ecl t o r all times 
to come. 

I knew tllat It wa8 too gnod to be true, 
uc\·l·t·tloclcHs I fulloowecl thl• lr:nl~ foliiiUS 
fur yenrs nnW, little hy llttl<', thrOIIJ<h elo3e 
I'C:OMonlrJ~:, eulculatlon nnd eJ<I)Prhuent, 1 got 
tloe t l'"e henrln~ts In the swn1111> ot my Jgnor
ooooc·c n 1111 •lurrbt. Thf'n this ~rh~me of hnr
UNtMhlJ.:' the ot""c•nu rt"''·••ulNl ltttt' lf to Hl\' mlnll 
n~ one of the l!rnrlest lmn~:lnnlolc. just to 
to·nn81)Hrf n little lu•nt, watc·r hn• to he 
JIIIIIII>C<l nn•l <11~1'"~"'1 of In qnnntlt l<'• ~o 
111101' 111UUM tltttt ll ldr:,::~ JmctaiJ:tflun Of f hl:!~ 
1,\ ' )fe \\'ollhJ ft r CM('Ilf III'W )trhhlt"'l\~ ill Ull· 
~:lnerr·lnJI, Cnntrnry tn tlr<' upltrlon t hnll 
III'C\' Iun&ly frormeol. this hn·u h·~.t 1 he exren
•lltnrc ot o g rent :uuonnt .. r c·nPrJ!y. Then 
I rc•allzc•l thnt the gn""" cnutnho~•l In the 
wnter enn be only partially Pxtrncteol nn•l 
lrrtve tn he eonthououtl!ly remu\·P<I from lhe 
l'llli<ICJI~er to l>rC\'rllt the rise ot bnel' pre~
$Ure whic h mlr:ht r.>•ln~e the Slll'l'<l nn•l 
enntually atop tbe eo~;lne. 

Fnrthrrmorc, cine to certnln condition•. 
the dCilll MCa water muot enter the pl11e 
wnrmer tll:tn It Rlluul<l eonfhrmnhi,Y lo 
enmhllnr::s, - o that tbe full temf)('ratni'C •llf
ff'reD<'t' cunn ot he' ethtn in(ltl. nrul J dlit~dVt-n•cl 
othtr ro~cullar rnn~e• wht.-h , artl.'r soml.' thnr. 
Ulhrbt Sf'rlum•ly fnh'rf.-rc with thC' pr••l,er 
functlunln&: of tlu.• mN'h:tnisue. Tht' a-:: tNttn. 
rnlse•l tll!'l'rtl,· from t he surfn<'e wntf'r, lo 
or tbe r>O<>l'<'~t 'JIIIlllty. mt>r<' mist uncler 
8111nll prf'MSIJre, on<l It" cunoum1>llun per 
hot~PI)f,Wt'r lutnr w:t~C nk~ly ro hP twf'nty 
tlnw~ r.:r<':olt•r thnn 111 mu<IPrn plant,.. In 
h .Y•Itu-l'h•ctrlc Rtnt!Onfl, 011 hefore st:JINI, 
<>lr:thty-11\-e 11er rent Of the l'UI.'rjly u! l'nlllng 
wnll•r tnay he eaptnrc-•1. while In !loll! ~nse 
ltnrclly nwrc tlonu t~o-t~nths of Olll' ro<>r 
C<'nt ot t he tlol'oretlenl fnll c:on he uiiiiZ~<I 
\\'nr~t Of nil, the 817.c "nol cost uf tbe CQIIIP· 
1uent ht ttttt~rl.v unt nf \)rnJtOrtlnn t u the 
JCro•ntN<t f)O>~Hihle r elurn•. TlocHc> nn•l oth.r 
Jhnltntlnns nn•l clltllenltle• ftn·e.,•l thcmsell'es 
llr>un 111e In 8tu<lylng thf' r>lnns n8 1lr~t eu b · 
mlttcd. 

The Intro-duction ot my nlter nntlng 8Y8· 
tern s t a rted n scramble for the moot \'1\l· 
unble wnter r>ower sit~• nn•l no nttempt 
" ·na m ode t o bnrn<'•8 the O~<'nn. Rnt my 
Interest wno nruooMo.l tu •u~h n •legre<l thoot 
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I continued the work nnd mncle a number 
ot Improvements which are thought to pos
sess eome merit. Satletled that pipes sup
ported by tloau or hung In aubmnrlno 
abysses wer~ lmpracttcoble, I pruposed a 
lloptng tunnel, lined with bent lnaulatlng·ce· 
ment, ntrorcllu~: n smooth ancl uuhrokcn 
pnssage for the d eep sen water. I f ound 
wn.ys ot a\mpllfylng and cheapening the 
apJ>ttrntua and making It more elrecth·e by 
reducing the molature ot the ste am and 
oiherwlae, and theae advance& may eventu• 
ally prove ot practical value. 

To conduce to n more ready undentandlng 
ot the evolution of the ocean pow er plnnt 
f rom the cryophorol and of the nuture ot 
aome of my lmprove•nenu, reference way 
be mnde to the drawing~ In which Fig. 1 
represents the o r iginal de\'lce of \Vollaaton, 
comprlalng two highly· exhausted ve18ela B 
and C, reepectlvel:y, the holler and con
denoer, connected through a channel A. The 
11rat named ve11el being partly d lled w ith 
water o r other llqu'ld and the aecond packed 
In a freeslng mixture, the vacuum cnuaea 
the water wbt•ll all~rbtly wnr111e<l to boll 
turloualy and the well known etl'ect Ia ob· 
ae rvecl. Aa the ateam generated In the holle r 
ruabea Into the condenaer with great apeed, 
It Ia c.apable of producing 11 considerable 
me-chanical elrort . 

ll'lg, 2 tllnatrat..a b ow the thermo-dynamle 
tra.naformntlon of enercy may be e«ected 
t o obtain 11seful external wor k. Tbla par
ticular arrangement 11 choacn In order to 
dla.penae with the neceaalty of a connection 
to the outalde which would call for the 
employment of a vacuum pump. A ateel 
armature a, of a diameter nearly equal to 
that ot the channel A, connecting veuela 
B and C, and abnped like a fan, I• aupported 
In ·vlrtnally frlctlonleaa beArings b anti c, of 
wh1cb the latter may be dealgned for tnklng 
up the tbruat. Su rroundlng tbe armnture, 
o r turbine rotor, ancl In cloae prox lmlty to 
the Bame, are aott-lron projection• aa d 
and e, wound with colla f afld g and torn•· 
In&' part of a permanent magnet b. Tbe 
r apid rotation of t lbe armature reaulta In a 
periodic shifting ot magnetic lines from 
one to the ot-her aet ot projectlona, thla In· 
duclng In the colla currents " 'bleb may be 
utilised. 

The next atep Ia to adnpt the cledce tor 
contlnuoua o perntlun. Thlg muy be don<' In 
two wu)'H: by ant•t•lyhuc the e\'lllwrnthut 
und cllutlt·n•h•~: \nJil•r tllrt'Niy to the vt•M· 
tu-IH U nud C, or hy UWfl'lY trnrUHHIUina;
ft llcl nbatruC'IIu~t ht•ut tbr11u1Ch their wnlls, In 
w ltleh caHe the wnrklug llnhl IK t>ntlrely 
ac•r•arntetl Bile\ clrcnlntE'tl In 11 rfogcol c•lrrult. 

The drat t•lnu Ia clla~ernumulllcully ohow11 
In ~'lg. 3. The ve ucla B and C are cyl
lndera joined by a turbine D through suit
able pipe conueetlona. A auction pump E, 
coootructed for protluelng a very II.Igb vnc
uuon, Itt attacb<'<l ·w tbe contlenaer C nll(l 
mn y be drh·en hy t he turbine tb.rougb a 
gc•nr or, BM lnollented, by an Induction mo
tur energized with nlternatln)l' curre:nta from 
the dyunmo I<' ~nupled to the tnrhlne. The 
w:cter lochiiC uu<ler allliBKPh('rlc tJr('~sure 
would !low Into the evncnntecl ves•els nt too 
great a sp<'Nl occn•lonlnll' corr~&llllntllng 
loaaes, anti for tbl• rc•nsnn It Is net:eR&nry 
to supply anti drmln it through balancl11g 
harometrlc columna I l anti k k of proper 
ht'lght thereby ln~<urlng t be <leal reel clreu
lat Icon, the direction of wblcb Ia lnlllented 
hy arrows. Rllwt' the latent bent nbsorhed 
in evaporation nnd let free tn eonclenantloo 
I• '\'l'ry ll'l'l'Rt, nn hnnll'nRe <l<l<llltlty of watt>r 
mn•t be clrculnte<l I bruuJCb the Vt'M8t'ls In 
nrtlcr to prevent chnn~:e• of temperature auf· 
lld~nt to serlon•lY re•hll'e the perfo rmance 
ot the npparntus. In a•ltlltlon to the rle,·lcee 
shown, eepnrators mu•t be t'mplC>ye<l for 
extractln~t ~tnses from the wnl<-r h<'fnre Its 
eutrAIWt~ Jntn thf' lwllt-r nntl c•nwiNUWt'". 
'J'tLt·•c· c•nnuot hP of I ht• t•ITrt•tl ,.,, ~l'nt rlfn)l'al 
tYIIl' "" th<'y w"nhl t•ntnll too )l'r('a t a ltJHB 
of <>n••rj.\'y. The only kind prncti<alole Is 
that used from the enrlle•t be~tlnnhll-\'8 of 
m .. tiHn by<lrnnllcs, th+' nrtlnn of wbf<oh 11 
hn MP<I on a a low rev~rRal of cllrPt•llun nf 
ftnw an<l accompll"hes o11ly pnrlln l. <l<'~tnMI
tlcutlon. It should be noted that tbe gases, 
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by rn.pld expnnslon ami nttendant coollne, 
llupnlr grt>ntly the qu,.lity of the steam and 
also, more or le•a, tbe \'acuum In tb.e 'Yea
sela. One of my hntlro,·e•llenta Ia to aupply 
the water In the form o f J•·t•, na r~l>rt'l!lt•nted, 
which turnl•b tht> n~<'<• .. nry e\·nporoltlng ancl 
cun<lt-llKlng aurfttt•c wbU~ ut the Mnuw thne 
cnrryl ng awny gusca "·bleb wo ulcl l>e lib· 
ernted! if the wntcr we re athultied aa uaual. 

.A careful stucly of the acbe111e llhu<trated 
In Fl&:. 3 hae aa1 btled me that It Ia, t or a 
uumlll'r ot rea•ons, dlsnch·untageoua nnd 
less practlcnble tbun that ahuwn In Fig. 4. 
In this lnatunce the ,·essela B anti C are 
t'Urf:l<"'e contlentcc.\rEI o f utt11uur)' th\~ia:n but 
of \'HY grc•nt actl\'t' ur<•oi~ In \'lt•w <•f tbe 
exceal<h-e steam ~onaumiJtloo an<l 111111'11 dlt
fpr('DC·el ot t<.'mpernture Rl>l>lletl. Thl'y may 
be uf the aame Mix<•. t or nllhougb the pa••· 
oge of bent f rom the bot to tbe colt! w ater 
takes place through t he steoun, 1 be lnw 
of mixtures Ia obeyed, the mnxlmum trans
fer occurring when the qun11tltlt>e of' both 
are equal. \\' ere It not fur that the per
fo rmance rulgbt be Dllllrt•clnbly Improved 
lly •ut>t>lylng the hut wuu•r, \\' lllt•ll lui• to 
J•a•s only t b rou.:b abort l•h•e•, In greater 
c)unntlty. Tbe \'t>nels nre cunnl'ctcd tbrouch 
a turbine D coupled to n generutor F, aa 
before, and beHidea t he aucllon pump E a 
deep well pu11111 G il E'lllllloyed to force 
the condenante Into t ht'· llnfl('r. Tbe wAter 
'sboulcl be a"·eet unci tborongbly dt•)!uellletl 
yielding Iteam of ~rno·tl qunlity ami g·reatly 
reducing tbe wurk of the I>UIUIJH, nn•l both 
holler aild conch'!llsei' abould be col.livletel:t 
Immersed In the clrcl,latlng media to mln
lm.lze tbe beat loaaea. Tbe IDlPOrtnnt prac
tical advantages of tbla p lnn are th~>t an:v 
suitable worklllg tlul<la ancl nnlto ot \'ery 
greot cnpnclty n•ny be used. 

Technical eX11ert• who may examine tbe 
merlta of the ol't•nn power scbeme will be 
apt to dismiss lightly t he loas of en<.'rgy 
ID\'nh•ed In the propulsion uf the bo t and 
cohl wnter wblcb In reality. mny he very 
ac rious on oc('onnt or the lift ahuYt' the 
m<.>au oC<•nn l<.'v~l. Th-t> outlets are unuvold· 
ably \"ery large nntl If their c~lltc•rs ure- from 
three to t our fe<'t ullo\'-t> tlte 11\t.'llll Je\·el to ID· 
sure n ormal functioni ng at blgb tlcte the 
pUDI!llng losees will lie coll•hlernbh'. Fur
thc.'rmure-, the wuter h.- Kuhj.:o,•~t'tl tn r~pHt .. 
e<l chnllgl'a In tllrcocUun uucl velocity and 
•u«ers a frictional losR of bead, espedally 
In the lull):' cuntlult, all uf " 'bleb nu1y be 
f.•ctUinJh•nt (Cl UU Ullctlt ional 11ft> uf II f t'\V 

r(•(•t. lltnkiua.:: lht! (UtHI. MUJ", 7 ft'('l, \'UUM\'f\' a\-
11 \'Ply ~•tlmntt>ol. 

:-;.,w, In the (;lllf n! ~r~xleu or 111 Cuban 
wdt(l'rs, wbf'r e my RMflo~lnt~s tnt~nd·Pd to 
hull•l plauhl, tht• tN UJuornturt' •lltrt'rrU«"t! be
twe~n th~ hot 111111 enid wuH•r will Ill' barollJ 
more tbnn 36° 1-'. ns 11.11 nuuual ll\'Pra~r<·. nnd 
with the poor Kt~RID u btnlllnhle tht' ('lrcula
tlon 111111;1' b(• n • IIIllCh aR 1~ lh•. uf f'll<'h P<>r 
horae Jluwcr l•~r Mccon<l. Conoetjtl<'lllly, the 

FIG. 5 
The h.,int H and I ere liUed and emptied IIJ' 
the tide, uvinc much of tho cnercy otbcrwile 

npended in pumpinc. 
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FIG. 5 
A lloatlnr th...,.o-tiectrlc power plant, In which 
tbe condtn- C ia auap..,ded b..,eath the boUu 

a an4 the condeMate cltculau. n rtlcally. 

m•ebauleal work n;ny he ~•tlmalf'tl at 169 
f tHlt. 1·.uuu•l• ruor ~t·routl null thl" Oa.curc:• mu8t 
bf' a lwo•t duuhlL'<i hecnnll<' tile over -1\ 11 elll
cl,•ney of huludlon mutor-olrh·eu ptnup tlnltB, 
-.·hl4'h bn,·t~ tu ht .. t•U•J•luyt"d, ht 1•ut U\IU'h 
uhu\'t• Utty JWI' t't•nt, 1114 n rull•. Shll't' u110 
hu rBe rruwt•r IM a l'ulo ur !"Joio1H font. J1UIIIIfhll 

per .ecoml tblo tm•nnK n loKK uC nhuut 40 
p~r cent. Beside s, tbc opcrntluu of . tbe 
de~rutHc.>rl, vacuun1 and det'P well purnps, 
11·111 conwoune cner gy ""bleb bu to be anp
plled from the turbo-gt'nerator nnd token 
at nr11rly tn·lce Ita \'ftltte fnr the r~neon 
pulntcd out . All tlo~•c luaaeo mny be re· 
tht~ll In vnr lous way" but not to a ver:r 
grent extent . and tbe exnrnple clearly abo"'' 
tbe dealrablll!y ot doing awn;r wltb them. 
T bla a rgument l8 applicable, even w it h 
gn attor force, to t be COlt of tbe J)ttDIPIU!r 
outftte of wblcb I will t-ndeavor to eonve;r 
an Idea by a eaum lng tbat a 30.000 bone 
1>ower pltlnt Ia lui'!tl\11~;1, requiring not leltl 
t han 300,000 pounds of h ot and of cold 
water per aeconll, \\"bleb means, approxl· 
m&tely, 4,700 cuble f~et of eacb. Ae a Te· 
lodty of 3 feet per ·~~ontl abould nnt be 
exeeellcd, two ltt.tmpa cnpa ble of mectlne tbe 
requirements w oul•l bn•·e lntlllte and outlet 
Oltentnge of 1800 aquare feet . wltb tbe uaual 
allowance•. }:vl<lt>ntly oucb monl l roue mn
•·hlll~~ t •ll•l•l not lle ttl<.'d, tor ont' rt•uon, 
uut to mt'ltllnn o•thN"M, tbftt tbe lift wuttltl 
ht> ,·ery ltl'\!•lt nn<l the loa• ln~urred pro
blhltln. Tblo hr lne a to lh:bt n bnd fl•a
ture of tbe acbPmt' llht8tr:ttt'd In Ft~r. 3, 
naml'l)', tbat It h huprurtkHble to bnve 
,..c.•uru to v~ry tar~P units ttntl t hereby 
•t'<'ttre tbe cuato111nr y u•h·antnllcl. A. g reat 
number of awnll ttulte nou•t be ~( ueeee
llty ueed and It fol~o~·• tbnt tbe In rger tbe 
plnnt tbe poorer It ""Ill be. I natend of tbe 
t,..,. pumpa encb wltb openings of 1800 
ltltttt re ft'f"t, 11t Jea•t on<' bttn•lre•l ouotor
•lr h·o•n t>ttlllt>• with <orl6e.•• of 3fl •quare feet 
11\tl 11 ct>rrnlmuolllllt nmnber of bollr ra and 
e .. notrnoen w ith enorntona Inlet and outlet 
l•ilh'B wnnltl lta\·e to be employed , and at 
Jt llltttt:a:t•rhu: t•uttt. 

Tltt•Me 111111 ut bt>r ahnllnr eonah lernUona 
bn<·e llfflttt l>t~l me to cleviMe tbe t•lan ecbe
ututlcnlly abo" ·" In F ig. ;; In wblcb I do 
a"·ny ~ntl,..ly "·lib the water puotpa by re
lylnlt wboll)" un ebb and tide to bring 
111tont the ~lttlrPol circulation of tbe beatloe 
nnol cooling noe•lla, thus atmpllfylug tbe 
plnnt An•l ob\· lntlng r:reftt loaaeM nnd ex· 
flt>lttlltn ree. Tbe ln&talla tlon con1prlaee two 
\"l'ry IRrJre bnBlDI lliiPtl wltb b@nt lUIUlatlnr; 
Cf'tnont rleelgnutP•I by H anll I and pro· 
vlolctl ""ltb •ultable aupporta for hent-ln
a .. lntlnr: roofs or covpra tbe f un ction of 
'Wbleb 11 to mlnl mlse loawea by radlntlon 
aod Influx of beat, reApeetlnly, from the 
taot and to tbe cold water. Eacb ot the bu lna 
llaa n cont rollabiP openlne, reapeetlvely K 
aad L altuatell cloae to the bottom, .,-bere 
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nl•o the holler n nn<l condeneer C , are 
l~~t·ntt•tl. 'l'bc lnttt•r urc CIJtlttcctcd t bruttl{b 
u tnrbloe D coupled tu a J!Cnerntor If, con
Htltwtllll! n unit of lar~re capacity. As In 
the cnse before deacrlbe<l, .a auction pump 
:til anti a d~p well pum p G are r>rovhh••l, 
llrlvc u by lutluctlon motora energized frum 
the generator. All tllle macblnery Is pluccd 
on a. common f oundation, na lndlcated. 'l'he 
bnlna are ftlled at .bl~rh tide anti the uut· 
fto\v during tbe period of ebb Ia controlled 
au n 1 to ~eeure the belt ruutta. Altbuul(h 
the power la subJect to periodic nrl.ntlona, 
tbe plant can be operated D tlafaetorll;r 
without tbe emplo1 ment of batterlea or 
other meana of ato race and t hua tbe coat 
of tbla commodlt;r ma;r be ereatly r educed. 

Another way of de rlvlne power from tbe 
temperature dUrerencea In tbe ocean with
out the nee of water pumpa Ia llluatrated 
In lt'lg. 6. The nt•t•nrntul eomprloea tbe 
Mmc el•entlal part11 wblch bnvc been nl· 
rt••ttly tlcMcrlhrtl, nouncly, a tubular holler 
ll nuol like cuudt•n»er ~ cuunected t :hrougb 
a turbine D driving a geuerntor F, a ltlgb 
' 'ncuum pump E a nd n amall reclprocattn~r 
deep-,.·eU pum p G f or lifting tbe conden
eate from the condenaer tnt~ tbe bolter. 
The latter Ia aupportecl In tbe warm aur
f ace water b;r 1 ftoatlnc atrueture carrying 
all tbe machinery, wblle tbe f ormer Ia aua· 
~nded nt a aultable dePth In the · cold 
wnter. Both of tbeae parta are arranged 
with tbe tubt'l In 'Vertical poal tlon ID.IIur· 
IDIC a good clrculatlon ot tbe beating and 
cooling media. Thla arraugem~nt IH ,.ery 
l!hll)oln 11nd r treellve but the rnl•ln~: uf the 
•·•ntt'IPnMute liT IHttUJt 0 (•unMunu•M cuonehler· 
uhh• work. 1 hUYH th •ttl.:uc•l wltcleaut puwer 
t•hmts on tbl~ plun wltb practical objeetl 
ln view and tbey Ultty pcrba pa 11nd nluable 
ueee; In tbe fntnre. 

Flg. 7 repreaenta a Partial view of a boat 
w ith apparatua for propellln~r It solely by 
tbe beat euergy abatracted from t be water. 
1 w11e not Informed Juat bow the American 
englneer lnteniled to propel bla vessel a nd 
t be ocbeme lllnatrated Ia my own. 'l'wo ro· 
tar;r pumpa M and N a re employed to f orce 
the warm and cold water, respectlvely, 
tbrou~rb tbe tubea of tbe boller B and 
condenaer c. Tbla apparatua ls placed 
allghtly below tbe waterline for minimis ing 
the losaea Involved In tbe clrcnla tlon of the 
beatlne nnd coollne media. Tbe pumpa are 
supposed to be drive n by lu<luctlon m otors, 
aa llluatrated, and are connected to tbe dl•· 
cbnrge plpea and other ports In auch a way 
tbat tbe water cnnuo t enter tbe hold of the 
,·esoel. The bolter Intake 0 Ia near the 
ocea n'• surtnce wblle I bat of the eonden•er 
I• nt tbe requisite <leptb ; a atl'eamllne 
Hhntl<'tl lluct 0 1, open In front, being em
J•Ito.J•••I for the IIU'J>Ut~e. A• the temperature 
of tbc wnter dhnlnlabea very rapldl;r 
tbro ugh e limited llhtance from t he anrface 
of t be ocean, enlllclent cneray can be a b
atraocted from the Wllte r nalD!r a duct of 
lltty feet lenetb to propel tbe boat by tbe 
att~mua eacapln~r tbroueb the dlacbaree 
pipe s. No otber meane of propulalon Ia 
ueceasar y and even t be ateerlng can be 
nccompllabed by ault ably regulating tbe vol
ume of tbe two etrenma discharged astern 
ne shown. Tbe turbine D, generator F , 
blgb ,·ncuum pump Ill, deepwell pump G 
tUtti utho•r part• t.ICr ve the vnme purposes 
ltH bpfure. Some atored energy w uat be 
provtoletl to st11rt tbe VIICtlttrn pump nn•l 
tlt~r~by Initiate the operation of tbe ap
t•aratu". 

Tltr ut'PIIn power 11111n of tbe lllustr11tlon 
on page 27 aeema very luvltlng .,•ben conHld
t'rlnll' that tbe e11er•y obtained Ia propor
tlonnte to tbe q uantity of tbe water pumped 
and, therefore, virtua lly unlimited. But It 
must be remembered tbat t be t r ue merit <>f 
sucb a acbente can onl;r be measured by 
tbe returns. 'Ve bave atlll r:reater and more 
rea<llly available reaourcea wblch ore unu~d 
bcanse the;r are unprofita ble. On clo aer ln
veatigatlon many dlacouraglnlf fact• are un
eartbed. Tbe deep aea water Ia, normally, 
at a low temperature but at an;r time a 
warm current ot water ma;r be producet! 
nn<l render t be plaot u1ele11. It haa been 
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• Hearing Radi~ Without a Loud Speaker • 
(Oo11tinued from pa..ge 69) 

even more, with muale. The sounding 
body, correapondlng to the diaphragm of 
the •Speaker, and giving out vibrations to 
the air, Is a piece of ordinary brass tub
Ing, such u curt&ln rod, 20 to -t.O Inches 
long and, aay, 1~ Inches ln dlllUleter, 10 
that It affords a good grip. Tbe w.U. 
are thin, I/.&8-lnch. The rod has Insulator• 
over Its ends, and clips are attached to 
the metal. The a.peaker terminal (poal· 
tlve) of an A. F. amplifier Ia connected 
to one end of the tube; and the operator 
touches the negative terminal and ruba 
hJ. ftngen over the tube. Boel •J.otrod. 

<end firtger• mwt be dry/ It II possible 
to transmit the Impulse through two or 
even more Individuals. The Investigator 
reports that the hand rubbing over the 
metal seems to stick to It; and that the 
vibration of the tube Is manlfe~ted br 
dust arising from it. surface. 

Considerable encouragement for the 
deaf Is held up by experiments of the 
type 1n the lowest photograph. German 
physicians have found that electrrc cur
rent. produce "hearing'' In the deaf ancl 
1ncreued range of audible pltchea In tbe 
hard~f-bearlng.-DN Um~day, 

• Our Future Motive Power • 
(Co:rtHrtu.d from 1'"9• 81) 

obaoerved that there ma7 be dltfereneea of 
3:1° F. or even 1nore In the tempertlture of 
water at the ~ame depth. Juat aa conYee· 
tlom current• occur In tbe air to theJ ma7 
alto be produced ln the ocean and thla Ia 
an ever PNBent menace to no unilertaklur 
of thlt kind. It a lto appelll'll the actualiJ' 
obtainable temperature dllferenee mntt be 
a lwaya appreciably amaller than mlcbt be 
Interred from aoundinaa. The ralalnl of 
the denaer water below a certain niT
Into the leaa denae above It lnTolvea a 
performance ot work wblch mutt be done 
by the pump bnt Ia not Ioat aa the ?olume 
ot the water dllch.arred at t"be top ot the 
deep·aea duct It correapondlnl'lY lncruaed. 
Thla doea not· hold true ot the water above 
the nlv .. a 11nd, eonsequently, the :!low Into 
the Intake of the duct take• place prepon· 
derntlncty from above, that Ia, In the dlree· 
tlon of the downward convection current. 
Ow1ng to thla, Wllrtn water from above en· 
te111 the lntnke tbua reducing the tempera· 
ture difference. Another eurlone fact cnn· 
not be lenored. The sen Ia densely poptt• 
lute d with otlfnnJama which are aubject to 
chnnl'u cau11"'1 bJ' ace. A.a the y ~rrow 
ol•h•r tho llffl ltl'llllm •h•J>oaltl 111ol'1l an•J 
1nnre ~nll•l 1nntt••r, th~y hi!CilUte •v~ln.,.u,. 
lw!Lvll'r lllltl Hlnk grndunlly until ftnnlly at 
Jl'l't'Ut dt'l>tha life I• extinct. If thla llontlnc 
matter couhl be removell by tbc pum)l at a 
eonatnnt rate, aa the water, It wouhl alve 
relatively little trc>ubie. But na water Ia 
removed the concentration of thla matter 
cootlnuoualy tncren.aea ond may become ao 
areat aa to Interfere autoualy wltb the ov· 
erntlon of the phlnt. Imvnlrm~nt of per· 
formance, It not Interruption, might olio be 
brought about by ruat and deposita In the 
pli>ea, looaentnr ot ~olntt and other 1nhhnp1 
and for tbla rea•on I conalder a tunnel 
as the ,practicable meana .for tl'llneportlnl' 
the cold water. 

I hnve etullled tbla plan of power pro• 
ductlon from nil anetea 11nd have devised 
apparatus for brlo&lng down all lo11es to 
"·hat I might eall the Irreducible mlnlmuJD 
and atlll I ftnd tbe performance too tntnll 
111 cuuble llnrc•·"~ful competition wltll the 
preiPnt methode. 

The utilisation o f temperature d!ll'terencea 
In the solid earth presents several lmpor· 
tan.t advontal'ea. It would tnnke It unnecea· 
aary to co to the troplea where po·wer 11 ot 
amnller value. Indeed, the colder the ell· 
mate the better. A ahott could be ennk In 
th., mhlat of a densely populatell dhtrlct 
nn•l 11 groot Attvlna clfeeted In thr. colit ot 
ollgtrlbutlon. The aboft wou)tl bi! costly, 
of courae, llut the appar11tua cheap, almple 
and eftlclent. The ftl'llt drnwlnl', on P81'9 
:10, llluatratea Ita e11entlal parts comprlalnc 
a boller at a ~rreat depth, a condenaer, 
cooled by river or other water available, on 
the l!'round, a tnrblne coupled to a generator, 
and a motor·drl\"en bleb vacuum pump. 
Tbe ateam or vopor cenerated In the holler 
Ia conveyed to th• turbln.e 11nd c:ondenaer 

thron ch an lnaolated eentrat pipe while 
another amaller pipe, llkewlae provided wltll 
an adlMhe .. -o.. coverlnJt auvea to fHC 
the condenaate Into the buller b7 gra,·lt~. 
All that 11 neeeaaary to open up unlimited 
reaou reel of power throughout the world Ia 
to tlod tome economic and apeed~ wa,. ot 
a!Dkbll deep ahatta. 

••••• 
Whether we Bbtlll h11ve to rely on power 

derived from terreatrlal heot mutt be left 
to tbe tuture. lf we ehould exhaust our 
preaent reaonrces without openlnl' up new 
one•. thla poulblltt:v ml~:bt artae. Un· 
doubtedly, our etorea of coni nnd oil will 
be e-ventually uacd up anol tbcre Ia not 
enough wnter po\\·er to •nt•PIY our m't'da. 
'l'he Idea of obtolnlng moll ve energy from 
a toma or cbonge of elements Ia unaclentltle 
and lllnalonary and cnnnot be condemned 
too emphotlctllly. Tille snme le true of the 
ache me of barneaeln g the energy 8llPPoted 
to be. liberated at sUich tetnl)ernhtres iill <&0,· 
000,000 degreee C (Centigrade) recently lUI'· 

ge•ted. The fundamental fallacy Ia all 
these propuaula Is that It tnkeo more en· 
CtlfY to lliMIIlh'll'tllh> tbnn <'UU he Ullt'fOIJJ' 
rt•f'n\ .. l!rt•il t'\'l' ll In u u h1•·atl })l'tlt'f'>~K. 

fanrlngly fnluwlnot~ Uwurlt•t~ ure r•'"l'""' 
albic for ouch chlnll•rlcal bop~a. Probably 
the woret of these Ia the ell'ctron theory, 
Of tbe tour or tlvl' atomic •troH'tnrea .,..hlcll 
have been AUitlfPMtccl not a •hi ~tie one Ia 
po11lble. Not more than one In n thou1111nd 
men of aclencc kunws tbut an electron
whatever It be-cau only exist In the per
fect. vacuuon of lutermolt'culnr a1ul Inter· 
atelltllr spucea or hll(lilly <'Xbnuated tulles and 
that the uucleua It ripped of electi'Qna, Ia 
de\·oEd of entrg)'. 

It woe clenr to me mnny yenra ago tbat 
a new and bettt>r eource of power hod to 
be dlacovered to meet the Her lncreulng 
demOtnda of monkln<l. In n lecture dell\'ered 
before the Anterlcnn Iaatltute ot F.lectrlcotl 
Eoglneera ot Columbia University :Mny :.'0, 
1891, I enid: " Wt> nre "'blrllng througb end
leBI apnec with lu~olll't>lvnble ape••d, all 
around Ill Hl'r)"l hill II' IK ~lllltn!lll[, f'I'I'TY• 
tblns Ia moving, ~'''"rywh<•rt! I.e t>tto'rl(y. 
There mn~t hi' eomot> way of nY11lllng onr· 
ech·es of thl• o•ou•ra,ry """" dlrt•<:tly . Tlu•n, 
with the lhcht ubtHhll'<l froun tho uu•<llum, 
1\"lth the powc•r th•rh•t•tl trnm It, with ''''l.'ry 
form of t>nergy obtained wlthuut t>tfort, 
from the ~tori' tnr•'''"r ln~xhnu•tlble. bmuau· 
tty "1\'lll uol\'all<'<' with a,rlnnt Mtrltll'~." 

I bnvc th<>ul/hl olll•l II'Hrkt•tl wllh thl~ ilh· 
jcct Ill view unrt•nolttlua,rly 11 1111 '"" J:hul tu 
aay that I bn,·e euttklcnt theorctlral. noul ex· 
perlmental e\'ltlt•nl'c to 1111 me wlt'h hope, 
not to aay conftoll'nee, thnt my l'ffortoJ ot 
)'enra will be rt'"'nrded noul tbnt we shnll 
bave at our rllspoaal n n .. w eourre ot power, 
auperlor even to the hydro-e lectric. which 
may be obtained by mcane of almple ar1· 
par11tua everywhere and In altno•t <:onatant 
11nd unlimited amou at. 



237 

Net.U York Times 
Feb. 6, 1932, P. 16, col . 8 

DR . TESLA WRITES OF VARIOUS PHASES OF HIS DISCOVERY. 

To the Editor of The New York Times: 
You have given considerable space to the subject of cosmic rays, which seems t o 

have aroused general attention to an unusual degree. Inasmuch as I discovered this 
wonderful phenomenon and investigated it long before others began their researches, 
your readers may perhaps be interested in my own findings. 

The original idea was advanced and discussed by me in a series of articles on 
Rontgen rays and radioactivity~ published from 1896 to 1898 in The Electrical Re
view. The results of my discoveries were reported all over the world through the 
Associated Press and found a powerful echo . But at that time scientific men were 
emphatically opposed to my theories, holding that the new actions were due to some 
kind of wave· motion, while, according to my observations, they were produced by 
electrified particles of matter projected with great velocity. It was only years 
later that the views I then propounded were gradually accepted. 

The experiments I undertook in 1896 were greatly facilitated through my inven
tion of a novel form of vacuum tube suitable for operation by currents of many mil 
lions of volts and yielding effects of transcending intensities. This instrument 
has since been adopted by other investigators and most of the progress in several 
fields was achieved by its use. 

When radioactivity was discovered, it was thought to be an entirely new manifest
ation of energy limited to a few substances. I obtained sufficient evidence to con
vince me that such actions were general and in nature the same as those exhibited by 
my tubes. In these. minute corpuscles, regarding which we are stil l in doubt, are 
shot from a highly electrified terminal against a target where they generate Rontgen 
or other rays by impact. Now, according to my theory, a radioactive body is simply 
a target which i s conti nuously bombarded by infinitesimal bullets projected from all 
parts of the universe, and if this, then unknown, cosmic radiation could be wholly 
intercepted, radioactivity would cease. 

I made some progress in solving the mystery until in 1899 I obtained mathematical 
and experimental proofs that the sun and other heavenly bodies similarly condi
tioned emit rays of great energy which consist of inconceivably small particles 
animated by velocities vastly exceeding that of light. So great is the penetrative 
power of these rays that they can traverse thousands of miles of solid matter with 
but sli ght diminution of velocity. In passing through space, which is filled with 
cosmic dust, they generated a secondary radiation of constant intensity, day and 
night, and pouring upon the earth equally from all directions . As the primary rays 
projected from the suns and stars can pass through distances measured in light-years 
without great diminution of veloc ity, it fol l ows that whether a secondary ray is 
generated near a sun or at any distance from it, however great, its intensity is the 
same . Consequently, if our sun, or any other, would be snuffed out of existence, it 
would have no appreciable effect on the secondary radiation . The latter is not very 
penetrative and is partly absorbed by the atmosphere. According to my determinations, 
its intensity beyond the atmosphere is about 50 per cent greater than at sea level. 
The whole atmosphere being equivalent to about 36 inches of lead, it is easy to 
determine the intensity of this radiation by making a measurement of the penetration 
at any known altitude. This theory is borne out strikingly in experiments with my 
vacuum tubes, but even if I did not have such proofs I would consider it plausible. 

While the exploration of the upper regions of the atmosphere may yield many im
portant results in other fields, I do not think that it will contribute considerably 
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to our knowledge of the ·cosmic rays . In view of this, I believe that we will make 
much more rapid progress if those who are now taking interest in it will accept my 
theory and build further on this foundation, instead of embarking on useless er
rands in que·s t of mythi ca 1 rays coming from nowhere. 
Nikola Tesla 
New York, Feb. 4, 1932 

The following is Tesla's statement relat1ng to force and matter, to Einstein's 
theories, and Tesla's own theory of gravitation. Courtesy of Nikola Tesla Papers, 
Rare Book and Manuscript Library, Columbia University. 

We read a great deal about matter being changed into force and force being changed 
into matter by the cosmic rays. This is absurd. It is the same as saying that the 
body can be changed into the mind, and the mind into the body. We know that the 
mind fs a functioning of the body, and in the same manner force is a function of 
matter . Without the body there can be no mind, without matter there can be no 
force . 

Einstein has for years developed · formulas explaining the mechanism of the cosmos. 
In doing this he overlooked an important factor, namely the fact that some of the 
heavenly bodies are increasing in distance from the sun. This is the same as writ
ing a business letter and forgetting the subject you wish to write about. In order 
to explain this phenomenon Einstein has invented the quantity "lambda". 

My theory of gravitation explains this phenomenon perfectly. 
N. T. 

April 15, 1932 
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CHEWING GUM MORE FATAL THAN RUM, SAYS TESLA - by Nikola Tesla 

(Nikola Tesla, dean of inventors at 76 and pioneer of radio, believes it is es
sential for the ~elfare of the country that prohibition end soon. In this article, 
~hioh he ~rote for the World-Telegram, he expresses som~hat unusual arguments 
against it.) 

Much has been said about prohibition and its disastrous consequences~ but the 
sheer folly and perniciousness of this measure cannot be fully appreciated until it 
is considered from the scientific point of view. It then appears not only unsound 
in principle but utterly devoid of validity. 

Chiefly as a result of dry propaganda people have been led to believe that alco
holic beverages cause serious injuries to mind and body, while other stimulants~ as 
tea and coffee, are almost harmless. I know from careful observation and life
long experience that the reverse is more nearly true. 

Beginning with the enactment of the Volstead law I have been a moderate consumer 
of alcohol and it never hurt me in the least. On the contrary it helped me many 
times effectively over the peak of the effort. 

It is in striking contrast in its medicinal and dietetic value to all other stim
ulants which~ without exception, are injurious. Even smoking, snuffing or chewing 
tobacco will eventually impair the health, though not quite so much as chewing gum, 
which, by exhaustion of the salivary glands, puts many a foolish victim into an 
early grave. 

But by far the greatest number of victims are claimed by tea and coffee. Dr. 
Alexander Haig, foremost authority on uric acid and founder of his famous diet, says 
of the former: - "Tea drinking is just like drug taking, in fact~ and has just as 
terrible and fatal results." 

Women, in particular, should shun tea as it is a means of committing beauty sui
cide. In this respect coffee is the very opposite, imparting sometimes to the face 
a fascinating aristocratic pallor. 

I have read books and articles depicting the horrible effect of alcohol on human 
beings~ but always found that the few individuals under observations were either 
hopeless drunkards or had been weakened by heredity and environment. Obviously 
every form of excess is injurious. Such an investigation, to be of value~ should 
be limited to moderate drinkers who number in legions and experience no ill effects. 
They are, as a rule, long lived and cons i dered by life insurance companies the saf
est policy holders. 

Alcohol is not a poison, nor is it a drug. It is not classed as a poison in 
books on chemistry. 

The truth about alcohol is that it acts as a caustic and a solvent. In small 
quantities it cleans and sterilizes the alimentary channels, thereby preventing in
fections, and proves a beneficial stimulant to thought. speech and physical exer
tio:n. 

Alcohol is produced in the normal chemical reactions of the stomach and can be 
found in every part of the body, even in the brain of a total abstainer. 

It is formed, not as a toxic inimical to life, but as a substance indispensable 
to vital processes. 

To illustrate prohibitions's utter folly and danger it is only necessary to point 
out that a sudden change of diet or the omission of an essential element, especially 
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in advanced years, may induce high b1ood pressures, cause malnutrition or otherwise 
imperil life. When the Volstead act became a law I realized that, accustomed as I 
was to alcohol, it would be very difficult for me to break off. Only a few days of 
abstinence made me a very sick man and my health became precarious. Finally, after 
several months of suffering, little by little I gained and ever since have been a 
total abstainer. 

If an attempt is made to enforce such a law as prohibition and thereby subject a 
citizen to suffering, danger and possible loss of life he or his relatives should 
be entitled to substantial reparation and these suits once .begun would soon exhaust 
the treasury. 

The Volstead act put the country into panic and unprecedented distress. This is 
but an unavoidable result of depriving the nation of a revenue of about $200,000,000 
a year and compelling it besides to pay to bootleggers nearly twice that sum annual
ly. The tyrannical rule is killing business in some of its most important depart
ments. The hotels and similar institutions are being rapidly forced to the wall. 

I remember that in Austria a law compelled every community to keep fires going in 
the streets during an epidemic of cholera. 

In the seventies when I myse 1 f contracted the disease a 11 the streets of the city 
were filled with smoke and stench. Nevertheless the inhabitants died in heaps. It 
was passed by legislators unacquainted with vital facts of life out of their own 
sphere. In imposing this measure the legislative bodies have evidently exceeded 
their authority. Under such circumstance I fail to see why a repeal should be re
quired. Nothing more need be done than to forget the law and so permit it to pass 
to a state of innocuous desuetude . 

N~ York Herald Tribune 
Sept . 11, 1932 

PIONEER RADIO ENGINEER tf~ES VIEWS ON POWER 

Tesla Says Wireless Waves Are Not Electromagnetic, But Sound In Nature 
Holds Space Not Curved 
Predicts Power Transmission to Other Planets 
by Nikola Tesla 

The assumption of the Maxwellian ether was thought necessary to explain the prop
agation of light by transverse vibrations, which can only occur in a solid. So 
fascinating was this theory that even at present it has many supporters, despite 
the manifest impossibility of a medium, perfectly mobile and tenuous to a degree 
inconceivable, and yet extremely rigid, like steel. As a result some illusionary 
ideas have been formed and various phenomena erroneously interpreted. The so-called 
Hertz waves are still considered a reality proving that light is electrical in its 
nature, and also that the ether is capabl e of transmitting transverse vibrations of 
frequencies however low. This view has become untenable since I showed that the 
universal medium is a gaseous body in which only longitudinal pulses can be prop
agated, involving alternating compressions and expansions similar to those produced 
by sound waves in the air. Thus, a wireless transmitter does not emit Hertz waves 
which are a myth, but sound waves in the ether, behaving in every respect like those 
in the air, except that, owing to the great elastic force and extremely small densi
ty of the medium, their speed is that of light. 
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Suggested Short Waves Early 
Since waves of this kind are all the more penetrating, the shorter they are, I 

have urged the experts engaged in the commercial application of the wireless art 
to employ very short waves, but for a long time my suggestions were not heeded. 
Eventually, though, this was done, and gradually the wave lengths were reduced to 
but a few meters. Invariably it was found that these waves, just as those in the 
air, follow the curvature of the earth and bend around obstacles, a peculiarity ex
hibited to a much lesser degree by transverse vibrations in a solid. Recently, how
ever, ultrashort waves have been experimented with and the fact that they also have 
the same property was hailed as a great discovery, offering the stupendous promise 
to make wireless transmission infinitely simpler and cheaper. 

It is of interest to know what wireless experts have expected, knowing that 
waves a few meters long are transmitted clear to the antipodes. Is there any reason 
that they would behave radically different when their length is reduced to about 
half of one meter? 
Waves Go Around World. 

As the general knowledge of this subject seems very limi ted, I may .state, that 
even waves only one or two milli.meters long, which I produced thirty-three years 
ago, provided that they carry sufficient energy, can be transmitted around the 
globe. This is not so much due to refraction and reflection as to the properties 
of a gaseous medium and certain peculiar action which I shall explain some time in 
the future. At present it may be sufficient to call attention to an important fact 
in this connection, namely, that this bending of the beam projected from reflector 
does not affect in the least its behavior in other respects. As regards deflection 
in a horizontal plane, it acts just as though it were straight. To be explicit 
the horizontal deviations are comparatively slight. In a proposed ultrashort wave 
transmission, the vertical bending, far from being an advantage, is a serious draw
back, as it increased greatly the liability of disturbances by obstacles at the 
earth's surface. The downward deflection always occurs, irrespective of wave 
length, and also if the beam is thrown upward at an angle to the horizontal, and 
this tendency is, according to my finding, all the more pronounced the bigger the 
planet. On a body as large as the sun, it would be impossible to project a dis
turbance of this kind to any considerable distance except along the surface. 

It might be inferred that I am alluding to the curvature of space supposed to 
exist according to the teachings of relativity, but nothing could be further from my 
mind. I hold that space cannot be curved, for the simple reason that it can have 
no properties. It might as well be said that God has properties. He has not, but 
only attributes and these are of our own making. Of properties we can only speak 
when dealing with matter filling the space. To say that in the presence of large 
bodies space becomes curved, is equivalent to stating that something can act upon 
nothing. I, for one, refuse to subscribe to such a view. 
Need Radio Channels . 

The chief object of employing very short waves is to provide an i ncreased number 
of channels required to satisfy the ever-growing demand for wireless appliances. 
But this is only because the transmitting and receiving apparatus, as generally 
employed, is ill-conceived and not well adapted for selection. The transmitter 
generates several systems of waves, all of which, except one, are useless. As a 
consequence, only an infinitesimal amount of energy reaches the receiver and de
pendence is placed on extreme amplification, which can be easily affected by the 
use of the so-called three-electrode tubes. This invention has been credited to 
others, but as a matter of fact, it was brought out by me in 1892, the principle 
being described and illustrated in my lecture before the Franklin Institute and 
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National Electric Light Association. In my original device I put around the in
candescent filament a conducting member, which I called a 11 sieve. 11 This device is 
connected to a wire leading outside of the bulb and serves to modify the stream of 
particles projected · from the filament according to the charge imparted to it. 
In this manner a new kind of detector, rectifier and amplifier was provided . Many 
forms of tubes on this principle were constructed by me and various interesting ef
fects obtained by their means shown to visitors in my laboratory from 1893 to 1899, 
when I undertook the erection of an experimental world-system wireless plant at 
Colorado Springs. 

During the last thirty-two years these tubes have been made veritable marvels of 
mechanical perfection, but while helpful in many ways they have drawn the experts 
away from the simpler and much superior arrangement which I attempted to introduce 
in 1901. My plans involved the use of a highly effective and efficient transmitter 
conveying to any receiver at whatever distance, a relatively large amount of ener
gy. The receiver is itself a device of elementary simplicity partaking of the char~ 
acteristics of the ear, except that it is immensely more sensitive. In such a sys
tem resonant amplification is the only one necessary and the selectivity is so great 
that any desired number of separate channels can be provided without going to waves 
shorter than a few meters. 

For this reason, and because of other shortcomings, I do not attach much impor
tance to the employment of waves which are now being experimented with . Besides, I 
am contemplating the practical use of another principle, which I have discovered 
and which is almost unlimited in the number of channels and in the energy three
electrode tubes. This invention has been credited to others, but as a matter of 
fact, it was .brought out by me in 1892, the principle being transmitted. It should 
enable us to obtain many important results heretofore considered impossible. With 
the knowledge of the facts before me, I do not think it hazardous to predict that 
we will be enabled to illuminate the whole sky at night and that eventually we will 
flash power in virtually unlimited amounts to planets. It would not surprise me at 
all if an experiment to transmit thousands of horsepower to the moon by this new 
method were made in a few years from now. 
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To the Editor of the Evening Post: 
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Sir- Many of your readers, like myself, will feel indebted to you for your cour
ageous and telling editorials relating to the investigation of the affairs of J. P. 
Morgan & Co. You have condemned these unfair proceedings in terms none too strong. 
Their undignified character is brought into evidence more and more, and it is becom
ing apparent even to the dullest observer that the honor and reputation of this 
famous banking house is resting on a foundation as solid as the Rock of Gibraltar. 
Perhaps it is fortunate that this investigation has been pushed so far, for in these 
times when confidence is most needed , the Morgans, in meeting these attacks, may be 
rendering the country service of inestimable value. 

The general public has not even a remote idea of the position of this firm as a 
factor in the development of America. More than any other force, they were instru
mental in the furtherance of American interests throughout the world and in the 
building up of this country's power and prestige . Scores and scores of vast enter
prises could not have been carried out but for their financial assistance. They 
helped Edison in commercializing his inventions and contributed to my own scientif
ic researches with princely generosity. Edison and mysel f were only two among hun
dreds of inventors, engineers, artists and scientific men whose work they made 
possible. They advanced capital when all other doors were closed, stabilized the 
markets and fought depressions, not half-heartedly like others but with all their 
energies and resources, and at a peril to themselves. What they have added to na
tional ~ealth staggers imagination. 

I was intimately acquainted with the founder of this great house and know that 
hi s spirit is still with his successors. He set the example and they are endeavor
ing to emulate him with almost religious fervor. Persons worthy of respect can be 
found everywhere, but I have observed in the House of Morgan a largeness, nobility 
and firmness of character the like of which is very scarce indeed. 

I can only smile when I read of the attempts to find something discreditable in 
the transactions of J. P. Morgan & Co. Not a hundred of such investigations will 
ever uncover anything which an unprejudiced judge would not consider strictly hon
orable, fair, decent and in every way conforming to the high ideals and ethical 
standards of business. I would be willing to stake my life on it. 

NIKOLA TESLA. 
New York, June 2, 1933 . 
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Breaking Up 
Tornadoes 

By NIKOLA TESLA 

EVERY year whirling tornadoea cause great dama1e in the 
United Statea; and this diiaaater, like earthquakea, hu 

hitherto been accepted aa unavoidable. But tile great acientlllt 
and inventor, Nikola Tesla, who haa given the matter apecial 
atudy, both experimentally and theoretically, here propoeea 
a practicable plan for the organization of a national govern· 
ment aervlce to combat and break up tomadoea, when form• 
ing; juat aa a fire department reaponda to an alarm and over· 
whelma the blaze while It is still amall. It ia t~ be hoped that 
thia proposal will be met by official investigation and adequate 
action at Waahington.-EDITOR. · 

e MANY reports of tidal air waves, cyclones. and espt>cially of 
tornadoes deiCribe actions which are unbelievable; and to account 

for them some ob&ervers have assumed velociti~s of the order of 
those attained in explosivea. 

Just to get an idea, suppose that one pound of dynamite occupying 
the whole volume of ita container Ia ignited. The maximum theoretical 
velocity (See Note A at end of article fo1· calculation) attained in a 
perfect nozzle is 11,400 feet per second, which is obviously far above 
that actually att.ined at the mouth. In such an explosion, however, 
the gases are projected through a hemispherical opening of great 
area with correspondingly smaller speed, which is further rt-duced 
in accelerating the free air. Thus, at a small distance from the C'<'ntcr 
of the disturbance, the tidal wave advances with the speed of ~ound; 
that is, 1089 feet per second. 

I have had many opportunities for checking this value by observa
tion of explosions and lightning discharges. An ideal case of this 
kind presented itself at Colorado Springs in July, 1899, while I was 

The old idn of shootlnc at a waterapout was corred In prlndple. but ln011lldent In force. Yet, as calculat~ her.. the for.ce of a tornado can lit 
overcome by modern uploalvu, which mlailt be e.l&clently and aafely applied as ahown. 
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carrying on tests with my broadcast
ing power station (which was the only 
wireless plant in existence at that 
time) . A heavy cloud had gathered 
over Pike's Peak range, and suddenly 
lightning struck at a point just ten 
miles away. I timed the ftash instantly 
and, upon making a quick computa
tion, told my assistants that the tidal 
wave would arrive in 48, aeconda. 
With exactly the lapse of this time in
terval, a terrific blow struck the build
ing, which might have been thrown 
off the foundations had it not been 
strongly braced. All t he windows on 
the exposed side and a door were de
molished, and much damage waa done 
in the interior. Taking Into account 
the energy of the electric diecharge 
and its duration, .u well a s that of an 
explosion, I estimated that the con
cussion was about equivalent to that 
which might have been produced by 
the Ignition of twelve tons of dYJU'· 
mite. Though the mechanical etrects 
of lightning bolts diminish with the 
sqUJare of the distance, they are still 
plainly observable within the range of 
six hundred miles. 

It should be borne in mind that 
the.ae actions are of very small dura
tion, and that a steady gale of such 
velocity would produce appalling ef
fects. It would quickly erode and grind 
up the hardest materials, fuae metals 
by friction and impact and· burn up 
anything that is combustible. Objects, 
no matter how large and heavy, would 
be carried otr like feathers, and even 
a mountain range could not resist for 
any con.aiderable period of time; alnce 

the ·pressure on an area normal 
(perpendicular) to the direction of 
the air blast would be close to three 
thousand pounds per square foot. 
Certainly, the inhabitants of this 
globe have reasons to congratut .. te 
themselves that such storms are im
possible. Tornadoes, such a& actu·
ally occur, are bad enough. 

The fact Is that relatively very 
small velocities of the wind 
are quite capable of produc
ing the actions noted even 
though they may appear 
astonishing and puzzling at 
first thought. To illustrate. 
consider the mechanical eftect 
of a stalk of dry grass or 
straw hurled no r rna 11 Y 
a1ainat a wooden plank with 
a apeed of only 150 feet per 

(C<mti'I'UUd em 'JXI-fJe 905) 

. AIR VELOCITY 
160MILESAN 

.· HOUR 

T .. fo,...atlen of a te,.a4o lo ..,_,., aben1 It opln .. u 4o tile wute water and the top, Ito tre•m .. ua nlodt;y of rotation enablw 
It e. ..,,..,p)lalo ...,,. of the freak ..-Ita oho,.l Jaet u wllea t!te 110ft can.Ue lo ahot ........... thr001wh a h•"' booM. 
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Breaking Up Tornadoes 
(C~mtimcd from JX14• 811) 

eecond. (See Note B) The force of 
2929.6 pound• per square Inch Ia much 
more than the plank can wlthatand; the 
oompre..tve Jrtrerurth of oak perpencUc
ular to the grain being leea than halt of 
that. Evidently, then, an el!eet of t hla 
kind can be aurely expected even with 
much amaller apeed, eapeclally If the 
atalk Ia pointed . 

In thla connection It ta ot lntere8t to 
mention a cl..tcal experiment, which 
uaed to be ahown to student. in some 
European Institutions otlearnlnl'. l t con
.ta.ted In t\rlnc from a cun a tallo-w or 
stearin candle at a. board 0.4-lnch thick. 
To the amazement of the onlooker&, the 
aoft mlalle not only went through the 
11·ood but d id not appear much worse 
for the experience. The eecret of euccea 
wu In the qulckneae ·of the t ranalt, not 
~rlvln&' e nough time for the maaa of the 
candle to yield. The obvloWI Inference 
from euch action Ia that an expoaure to 
a windstorm Ia atwaya fraught with dan
&"er to life; for blta of ftyln&' m ater ial, 
no't excludln~r plecee of Jrtraw, may pen
etrate deeply Into the tleeh. If my mem
ory aerve. me rl~rht, I have read of 
aerloua accident& of tbla sort. 

But the hllrh"t alr velocltlea obeerved 
In Jrtorma are not, In themaelvea, ade
quate to explain certain stupendoua 
performance• of the wind, euch aa lift
In• loaded cara and locomotive• and 
hurllnlr them to rrreat distance. When I 
ftrat rucJ •uch reportl, many years a1o. 
they al!orded me amusement u I took 
them for orlalnal .American caDal"de. 
often IIJ)run&' on uneophlstlcated forelp
ere. When I found, to my unapeakable 
attonlshment, that they were sub8t&n· 
tlally true I e ndeavored aaaln and agaln 
to prcve them by theorlee and calcula
tion•: but It wu only latelY that I aolved 
tbla lona-.tandlng riddle. 

Whirling moveme!lt• of the atmoa
phere have been known and dreaded 
alnce time Immemorial, but, beyond ac• 
counts oC tllelr destructive a ction!!, most
ly unt•ertaln, little JlORitlve lnformntlon 
can b~ found about them. In 1862 was 
publlehed by H . W. Dove an Important 
work, entitled "The Law ot Storms"; 
dealln« ehlefty w ith cyelone~, which tre· 
Qwently extend over a larl'e portion ot 
the ~obe and travel "thouaands of mile• 
before their energy 111 spent. Theee are 
eully studied and the chief facta con· 
eernlnc them are n ow well known. Not 
80 the lnc'omparnb!y more dangerous 
local atonua, tho real tornad-, which 
are sudden, e.rratlc, ephemeral (abort
lived) and extremely violent manifesta
tion• difficult to Investigate. 

Of late years the U. S. Weather Bu
reau nnd the Smltb~onlan I n11tltut1on 
have b een t~upplylng data. whic h are re
llable and of value In connec tion with 
the 1ubjoct: never t beleu , our knowledge 
oi tornadoes Is still fragmenta.ry. Ignor
Ing newapnper report.a, whlch • are not 
quite r eliable, and contlnlng myaolf to 
facta unmlllta.kably eatabllahed, l h ave 
come to certain conclualon• regarding 
theae phenomena, which might be Im
portant, and can be summarized a s fol
lows: 

(1) The maltlmum velocity of the air 
formln&' the tunnel probably never ex
ceed•, .ay, 235 feet per aecond or about 
180 mll81 an hour; which I think a mple 
to ezplaln all the actions obaerved. In 
h la "Manual ot Meteoroloii'Y.'' an ex
hauatlve treatlee lately publla'hed, Blr 
William Napier flhaw makee the state· 

(Ccnttiftued 1m fJOI• UO) 
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Breaking Up Tomadoee 
(Continued from pa,ge 106) 

ment that speeds ot 300 mllea per hout' 
or 440 teet per eecond, and even more, 
may be attained, which llJ moat unllkel7 
to be the cll.!!e. It must be borne In mind 
that an air blast of 150 feet per second 
readily carries ott .bz·lcks and other such 
heavy objects. 

(2) Contrary. to popular notion, at
tributing to the tornado- Immense ener• 
gy, It has much of the peculiarity ot an 
explosive. Its power Is great becauae o( 
concentration and :~wittne1.111 ot action, 
but the energy I" surprbdngly email. 
Just to give a rough approximation, con
alder a. whirl ot an outside diameter ot 
1200 teet at the top, about the ea.me 
height, and a diameter of 300 feet at 
the b.alte (Hcc Note C). The eame en
ergy would be developed by the con• 
aumptlon ot 1.24 tons ot ga.solene Ol' 
6. 74 tone ot dynamite. It should be 
stated, however, that this estimate 111 by 
far too high; for the whole tunnel Ia not 
filled with air of uniform density a.nd 
not all of It spun at maximum ep·eed, 

(S) The tornadc> w.hlrl Is a hu&'e 
pump, drawing air through the openln&' 
at the top ~nd dlll(:harglng It !rom the 
p eriphery (rim) at the same rate, s imul
taneously· producing rarefaction :In the 
lnterl·or. Jn this rcs p<'ct ltll action may 
lw llk•·n•••l to that lit n. multl·~laJ:"<' ol vn.C'· 
uum pump: tur, a~ th•• air ru.~hl'>< frnm 
the top to the base, more and mort> ot It 
Is drawn to the pertpht>n·. increasl.nJr 
Progrell!llvely the vacuum which m!ly 
thus attain a high v a lue near the ground. 
Tha t accounts for t he gradual contrac
tion ot the whirl. What dt>gree of rare
faction le a ctually reached In this mon
strous contrl\'ance of nature may be 
roughly estimated when conslderlnJr 
that. tor any horizontal section of the 
funnel. the centrifugal force ot the lllr 
Is ba lanced by the opposltE'ly-dlrectt'd 
dlfterentlal pressure existing betwun 
the outside a.nd tnterlor ot the whirl 
Other thlnws being alike, the ct'ntrltugai 
force Is lnveraely aa the radlua of .,....._ 
ttoD (average dl!!'tance ot the mall8 from 
the center); therefore the contraction of 
the tunnel 19, at least, a coarse- meuure 
ot the rarefaction. 

To be explicit, If the diameter eloee tc> 
the a-round It! one .quarter of that near 
the top, then It may be 11ately Interred 
that the vacuum at the base mul!'t be 
about tour tlmea higher than tn the top 
regfo n, where there Ia no appreciable 
eontractlon. 

As the measured l'reBBure dU!erenee in 
pumps Is 110mewhat greater than that 
gfven by the formula (Note D) It Ia 
tolerably ()ertaln that In the case con
sMe red a vacuum of not les9 than tour 
Inches would be attained. 

(4) Mo!!t ot the mechanical eftecbl ot 
a tornado are, as a rule, greatly lntensl• 
fled through water, dust, ~and a.n<2 other 
objects carried by the blast. Even though 
these material!! may be present In a 
very small percentage by volume, they 
are hundreds or thousands ot tlmea 
heavier than the air, and may add enor• 
mously to the mom,entum and fm.pact. 

(5) The translatory (from place to 
place) motion of the tunnel Ia rather 
across, and not In the direction of the 
wtnd, u commonly believed. This Is due 
t 0 Its rapid rotation. c.auslng t.be eo
called Bernoullli or Mai'JlUs etreet, only 
mueh more lnten&e. The force pushtng 
It acrolll! the wind may be many tim .. 
gTea.ter than that urging It aloag the 
!!lame. The wblrl le propelled from tM 
aide ot 1'1'81l~er ctatkl \)t'eSIIuN!, wMN 
the rotation 111 ....-.the w1Dc1 aDd too 
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intimae! ea. 

Thia atartllll~ new book, by Dr. William 
l. Robinaon, cliaeuaaH in the plalneet lan
JU•r• enrythinr pertain!~ to the aex life, 
botb In marriap a:nd out of it. Ia it wiee 
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olll7 in marria,. T Theae Yltal qa•tiona, 
aacl many more an dlaeuaaed opeal1 and 
fra11kly in thla rreat book. lt If•• you an 
amulnr new Yitw of tbt dolt que~&lon of 
eu, a1 aeen by a famoua Saololfat whoat 
worb are pralaed the world O'Nl'. 
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warat. which lt JMa., In the direction of 
the oppoaite aide where the reveNe con
dition exlst..a. It Is well to remember this 
In such a storm. It the observer aeea a. 
leaning tunnel, he ia In no Immediate 
danBer, but If the funnel appears 
straight he should run !or shelter at 
once. 

It will now be euy to show how a 
large nnd very heavy body, such 'u a 
loaded railroad ca.r or locomotive, can 
be lltted by the tornado a.nd traiUiported 
to con11lderable dllltance. American loco• 
motives, which are the blggM In the 
world, may have a le~h of 88 and a 
width ot lllA! feet, pre.entln« thua 710 
square feet In bor!sontal projection. At 
the moment the whirl lltrlkea the ve• 
hlcle, the wheell, eonaeetlons and other 
obstacle. under the maln body arreat 
the motion ot the atr, caualng a. static 
presaure of 138 pounds per square toot 
In excetlll of that ot the t,tmosphere. 
But aa determined above, owln_c to the 
vacuum, a preuure difference of four 
Inches of mercury (tha.t ia, two pounds 
per square Inch or 288 pounds per 
square foot) la maintained, makJJng the 
whole difference -ot pruaurt between 
the apa.cs under and a.bov. the loeo· 
motive 288+138=428 poundl per equue 
foot. The tota.l upward push exerted on 
the exposed area of 780 aquare teet Is 
thua 323,780 pounds, which Is much 
more than the wc•l.rht of 11uch a loco• 
m-otive (r.o~~tlmntNl nt 280,000 pounds 
w.hen fullY equipped for service). 

Ordinarily, the weight should be much 
11ma.ller; and one can readily ne that 
the vehlele may be tnetantlY ra.Jted ta 
a l!plrol, accelerated and hurled away 
tangentially to great cUstance. The aver
age person may be surprised that a.n In· 
slgnlftcnnt vacuum Ia autnclent for so 
stupendous. a display of force; but the 
figures atrord an unmistakable proof. I 
may add that I have assumed minimum 
values which will be, 1n all probabtllty, 
greatly exceeded. 

The constant fear of danger from tor• 
nadoea and the •.-eat louea of llfe and 
propertY which they cause In certain 
parts make It very dealrable to ftnd eome 
mea.n11 of etrectlvely combating, If not 
p reventing them. Whenever man at
tempt& to Interfere with the order of 
things determined by lmmuta.ble laws, 
he nnde that his efforts are utterly In
significAnt Whl'n compared with the vast 
m-ovemPnts of energy In Nature. 

One of the greatest poulble achieve
ments of the human race would be the 
control of the precipitation of rain. The 
sun ralsea the watere of the ocean and 
wlnde carry them to distant re.tona, 
where they remain In a state of delicate 
1uapenslon until a relatl'!ely feeble lm
pulee cause& them to tall to earth. The 
terrestrial mechanism operates much 
Uke an apparatus releasing great energy 
through a trigger or priming cap. . 

If man could perform thll! relatively 
trtntng work, he could direct the Ute• 
giving str~nm of water wherever be 
pleased, create lakes a nd rivers and 
transform the arid! regions of the globe. 
Many means have been proposed to this 
end. but only one I• operative. Jt 18 
lf«htDlq, but of a oertafD ldlld. 

More than 35 years ago, I undertook 
the production or theee phenomena. and, 
In 1899, I actually succeeded, using a 
~~nerator of 2,000 horsepower, In ob
taining discharges ot 18,000,000 volts 
carrying currenta of 1,200 amperes, 
which were of sueh power as to be 
audible at a dll!tanee of 13 miles. I also 
learned bow to produce just such light
nings ae occur In Nature, and muten.!d 
all the technical dlfflcultlee In this con
nection. But I found that even the •mall 
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922 EVERY·DAY SCIENCE AN-D MECHANICS /or DECEKBBB, 1911: 

~ New! New!! Newill 
Two New 25e Short Wave Books 

HBRB IS GRB217" NBWS 
These new boOk• wlll be1welcomed b,. •ll t bort. w••• uperlmenten, 

abort. wan fan~ and '!'hort wa~e en\.h.ullut.ll. the ~ame at our former 'two 
boolu, 110\V TO BUILD ANQ OPi.'BAT.Jol SHOBT WAVE RECIIV• 
E.l\8, and HOW TO Bt:C0~1E 4N A)l.!o.TEUB. RA.DlO OPERATOR. 
M't!re welcomed b1 tbOUaand:t ot our thort wue trlendL 

In c:onlormlty ,.llh the 11m .. tbeao -· b .. o boon priced at ~ 
Instead or ~Oe. wttlc:b 11 tbo price of our other boob. Yol tho 1>10 
new 2{Jc ~olumtt eoat.a1n a tremendou• a.mou.nt or lnrormaUon. Tbe 
type and lllu~tratlon 1 hue been eboteo ln t uch a maoner 11 to 11n 
yGu almMt 1.1 muc.tt for )'OU'f ~e aa you received tor your t.Oc before. 

You make no mistake Jn rettinl' either or both or these n•• baob 
11nf1 "''6 know trom our maiQ' )'ean 01 ezperleoee " 'Ub short wave en• 
lhuolas~ 1111~ rou wl II lllank uo ror III•Jnr modo tltooo txloks po11lble, 

new 
tbln• 
Wl.ftll, 
mental• 
It II known 
boolc on abort. wu" 
abOrt W&fl enU\udaat. 
emdfiUr. 

Tho book II proruoelF !Uutlnlocl With all IOIU <I 
lllu~lrltl<>ll•, .. PIIHIUOIU lftd 6ferYtbiOI -thwttilf Jmow. 
I.DI abOut •horl .,. . ... In this tnt«wtln1 au4 &TOIOI.DI ftolcL 
Yet. wltbal, the book h aot. ''ted\nleal'' 

Content• c~~!~ts~h"'.2 0~~ •• ~!1111~~~~:~· t!BIIIIe 
.! .r...-:.~ :1t:i~::=.!;jt~~\'f:~~ The book It jul\ cboclr full or lnlonaotiOil 11114 J011 wU1 
"'r~i.:'~11.\r~.~~.~O::f;;:.~'!:';;_n.~~ ner• re..-et havln• aoum UW liDDort.lnt.1'0lwu. · 

~~-=~~·:-~~~•=·'L~ c.,.,.,,.'" •r~et 
IID'OBTANT ot ~~r:..:~~~w~~. ~ ~O:~JI:u:!tn~":~ 

THERE II NO OUPLICATION WHATtiiEYER 8£. Made ilt.atl~liollnner'o S~ Wato Bot-Jnroeulnc !:J'11 T";,H'lu~~8K.:£o o~~:.~~"l:o~~L~A\.'i ~~r'w!'.'. ~~~~~':r.\'n ~;:~~~&:"t;..-;r,w:-~ 
IIECEIYEIII.'' ALL. THE MATERIAL PUBLISHED I N for t!W Seu--co..ollna Spelllor to 8ot- Ioamlnr Code-
THE NEW 11001< HAll NEY£11 APPEAR£0 IN AMY Won Lontllb lltld KilOcycle Chut- Wirtnc Char~!Unlla 
IIOOK eEFORE. In Short Wave Clxlotruetlon. 

Eada book eoatabul 40 ..-.es -over 'JS IUastratlou - sac eacJa 
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WOOD CARVINC 

CARVING in wood is one of the most fas
cinating of pastimes. With a few in· 

expensive hand tools you can decorate 
furniture and wood objects and create many 
beautiful carvings. 
Clyde Lammey, an. authority on wood carv
inga wrote a series of articles that have 
rull in early issues of Popular Homecraft 
and we have gathered these together in a 
big 9 x 12 book solidly made that will 
give you the finest instruction possible on 
thi:s most Interesting subject. 
It is profusely illustrated and there are 
many desill,'ns showing you step by atep 
how to proceed. 

You'll be dellahted wtth tbla 
book. 60 centa-tam~--eoln 
-dd 5e exehan1re to eheeka. 

HOMECRAFT BOOK SHOP 
SAaiEAST SUPUIOit ST. CHICAGO, ILL. 

man!testattons are of comparatively 
small energy. It Is entirely within our 
power to destroy them, or a.t least ren
der them harmless; and all the more 
easily, since meteroro\ogy is becoming a 
positive science and weather forecasting 
relln.ble. 

1\ Sl'l'vlcP. wlth f!fllndnrd· bombln~ 
pl>~tw::~ n1· "wlrter lyp~s ntl~hl h<' 01'· 
garti:t:t•d Cur lhl>~ IJ Ul'IJU"'-' hy lhc C.ln~N·n
mt>nt, tor the necessity ts r eal. The tor· 
nado, owing to lt.H small energy, extreme 
mo blllty and del)cntc bn\ance betw<~n 
the e xternal and Internal presi!Url', l.s 
a very vulnerable object and can be un
doobtedly destroyed by comparatively 
small charges of !)ultnble cxploslvP. The 
whirling masA can also be easily de. 
ftected In any desired direction by ex
ploding a charge even at a ccnelder· 
able distance from it. The task would 
be further facilitated by the relatively 
small translatory velocitY of the tor
nado, especially In view of the present 
means tor Instant signalling. 

][ believe, however, that telautomatlc 
devices otter etrectlve means for com
bating tornad~. Since I exhlbfted the 
tlrl:'lt apparatus o.t this kind, John Haya 
Hammond·, Jr., who has n.cqulred a great 
mastery ot the art, made demonstrations 
on a large scale, showing the prac
ticability of dlsta.nt control of complex 
machinery. It would not be dlff\cult to 
provide special automata for this pur
poae, carrying explosive charges, liquid 
air or other gaR, which could be put Into 
action, automatically or othe1·w1!1e, and 
which would create a sudden pressure 
or suction, breaking up the whirl The 
misslles themselves might be made of 
material capable of spontaneous igni
tion. Many experts are now available for 
such service and manut.acturel'tl can be 
found competent to carry out a n y plana. 

A Government department ml•ht H 
organized, headed by auch a man u 
John Hays HR.mm-ond. Jr., and R. .,._ 
tema.tlc Btudy of the probl~m made. The 
carrying out of the 8Cheme would gJye. 
new opportunities for manufacture and 
employment, besld~s eecurln!f other tt.d· 
vantages. There Is no- doubt that, If 
such an undertaking were Inaugurated 
and many minds set to work,: etrecUve 
methods and means would be eventually 
developed and· great loss of U!e and 
damage to property pre\·ented. 

NOTE A: Taking the heating ~alue of the 
eompo .. nd ao 4100 B.T.U., n const11nt p~ure 
of twoelve thouaand atmo.ophere.~ ahould lit' at
tained ; th~ theort'Ueal tent~rllture of the com• 
bwttion product& beln1r .about 11000• F. The hiJrh• 
•t poulble &peed would be reached if the •
were to eeeape Into the atmoeJ)here thrvuwh a 
perfeet dive.-.ent nossle. In tllla eaae, the initial 
abeolute U.mperatur" would be '1\ = 8t60' F.; 
hence the ablolute temperature of the fully-ell• 

paneled ~raaee To = Mfs~:.fi~ottto = 583° F. Ae«>rd· 
ln~rly, uouminlr th" a-peciJ\c he•t at conotant 
volume Cv = O.U, the available enel'lltY ia 
W =o:: 1877 X 0.83 :::: 2GOO B.T.U., and the 
mallimum theor.,tleal vcl~itY V = 
Y 64.4 X '778 X 2~11400 feet per o«and • 

NOTE B: Let the atalk be one toot long, o,.. 
ellrhth of an Inch In diameter and of a apeeiftc 
aravlty of 0.4 u compared with that of -ter. 
The ~~eetlon Ill then about -Jo of a aquan lneb or 

xu 
1
1 110 :11~~0 of a square foot and. conse

quently, the volume u!20 of one eubic foot. Sinee 
one cubic foot of .... ater wel1rhl 62.•5 pouDda, 
the wei~rht of an eQual volume of atra.,.. will be 
0.4 X 62.415 = 25 pounda, hence the .,..efaht 

of the pieee of atraw ~~~0 pounds and it• raau 

M = 32 12~ 1520
• Then tb" kinetie enef'lry is 

1 "'~'122.500 
2 M V• ""' Si d.b2o foot pOund• 
and will be exhauated in overcominK a r.,.i•tinlr 
force r which tilt. atalk cneountel'$ whil'e pier<• 
ing the wood. It the distanc" of penetNition I$ 
1/2 inch or 1/24 of & foot, then the ~-quation 
will hold true 

:!5:01:~;~ = r X fi 
from whleh followa 

2-1 s 2:?:-iOO s: ~ 
r = 6~ 1 11; 20 = 18.31 pouncb 

This i.e the mean val- of the forc:e or preeoure 
produeed, Ita maximum beinll 

2 X 18.81 = 36.62 pounda 
As thla pree1ure i1 exerted on an area of ~~ 
of a equar" Inch, the foree pt'r square inch will be 

F - .: a&.tl2 '.: !<0 = 2\t29.G I""' nd• 
N01l' t-: ( ~: 1'tw ''••lmut• iM u:.!fit:o( tJ tll2 

d' f- d 1>) o::.. 0.21lll' X 1200 112001 I 1100' + 12QO X liOO) e: ~.26\l! '\ \2(10 II ~o)(l• -' · 
1200 X 300) = 593760000 cubic fftt, the wei~rht 

• about 593760000 X ioii = 47500000 and H>e n•••• 

M = ~7'ri~_!! = u~~•oo pound•. U all of it 
would rotate at t-he top opeed V = 235 feet J)t'r 

•crondl. the kinetic ene:r~ey would be ·~;· M V• "" 
742200 X 515225 = <1109H~OOOOOO f.,;>t J>ound., 

4oP••ootiiHIO 
equivalent to - - 1;i- = 52700000 D.T.U. 

NOTE D: When a mu1 of air io rutatcd in a 
caoinc: with inlet and out.let openin1u. b,- a .,.. 
tem ot dioea or other m~ana, the P<'riPhN'al 
veloeity being V fooet per aecond. a p,..,..ure 

d
'ff f • V: , .• z U.Oil _ 
1 erance o approx1m•tely w = ~ -

V# 
iOo pounda per square foot Ia produced betweea 
the auction and dilchar1ra orilleee. lf V = 211 

y.:r - 55!!)5 .&... 

fM l)er ueond, then ToO - 800- = 69 PGilll-

per aquare foot, or 1"li = 0.~~ poundl per aquaft 
inch ; corrt.,.pondhtlr to a vacuum of a little J.a 
than one inch. ------

New Devices 
fCtmtinued {r011t pag(' 877) 

Tne last item Is another househo14 
utility which tak11s Into consideration the 
fu<'t that all hn\'l' not eloctrlc pnwt•t". It 
is a standard washer type, equlppPd by 
Ita maker with a small four·c~·Under 
gas engine, which Ia atarted by a toot
pedal. A friction-drive pump will empty 
the tub In less than two minutes. It 
holds ten gallons or water, and wuhee 
six pound• of clothes at one time. 
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Scientific American 
March, 1934, pp. 132-134, 163-165 

POSSIBILITIES OF· ELECTRO-STATIC GENERATORS - by Nikola Tesla 

The knowledge of static electricity dates back to the earliest dawn of civiliza
tion but for ages it remained merely an interesting and mystifying phenomenon. Vir
tually nothing was done towards the development and useful application of the prin
ciple. The first distinct stimulus in this direction was given by the discoveries 
of Franklin and Leyden in the latter part of the 18th Century. 

. . 
In 1777 Cavallo devised a cylindrical friction machine and from that time on 

there was a slow but steady evolution of friction and influence machines until the 
modern Wimshurst, Holtz, Toepler, and other types were produced. Among these ma
chines the one invented by Wommelsdorf 30 years ago was, probably, the most effect
ive. It yielded a current of six-tenths of a milli-ampere and in the present state 
of science it could be successfully employed for charging large aerial capacities 
and stepping up its terminal tension of 150,000 to many millions of volts. 

Numerous attempts have also been made to generate static electricity by friction 
of fluids and solid partjcles but from the earliest records to this day the belt 
has proved to be the simplest and most convenient means for the purpose. Static 
electricity from this source gained in importance when evidences accumulated that 
it was capable of interfering seriously with operations and causing accidents in 
paper factories, flour mills, and similar establishments. In the early nineties 
my el ectrodel ess vacuum tubes became extremely popular and were frequ·ently 1 i ghted 
from belts and later Roentgen tubes were operated in the same manner. It is quite 
easy to improvise such a generator and obtain interesting results under favorable 
atmospheric conditions. 

A remarkable device of this kind, embodying new features, has been recently de
veloped by Dr. R. J. Van de Graaff at the Massachusetts Institute of Technology, 
and is attracting extraordinary attention. (See page 96, February, 1934, SCIENTIFIC 
AMERICAN. -Ed.) It is hailed as a revolutionary invention with which wonders will 
be achieved. The technical papers refer to it as a Colossus, a Master Key expected 
to unlock the secrets of nature. Naturally enough imaginative scribes have built 
Spanish castles on this foundation. So it comes that even such an ably edited 
paper as The New York Times informs its readers of a contemplated use of this gen
erator for long distance transmission of power. According to a bona fide report in 
its issue of December 5, 1933, 11 the possibilities of the colossal generator have 
bee·n worked out in theory and it now remains to apply it in practice." However vi
sionary this scheme may appear it is not absolutely impossible. A wise Macedonian 
king said: 11 No wall is so high that a mule loaded with gold could not jump over it." 
With unlimited capital and regardless of returns, it might be carried out . 

In view of many articles and editorials written in the same vein, which have 
amazed the layman and amused the expert, it may not be amiss to examine the merits 
of this odd contrivance in the light of well demonstrated scientific facts. 

But first I want to point out an apparent discrepancy in the descriptive reports 
and photographs showing the apparatus in action, which is illustrated in the accom
panying photographs, arid ~onsists of two aluminum spheres 15 feet in diameter sup
ported on insulating columns six feet in diameter. Elecricity is supplied to the 
spheres by paper belts charged from a "sprayer." With terminals of such dimensions 
much higher voltages should be obtained. In most of the treatises it is assumed 

Reprinted with permission. Copyright ~ 1934 by Scientific American, Inc . 
All rights reserved. 



251 

that the surface density, that is, the quantity of electricity stored per square 
centimeter of a spherical conductor, can not exceed eight electrostatic units with
out break-down of the surrounding air. As a matter of fact the density can be push
ed up to 20 units before power-consuming streamers appear. 

This being the case, the limiting voltage of a sphere having a diameter of 15 
feet should be 16,964,700 and, consequently, the potential difference between two 
such oppositely charged spheres, very far apart is 33,929,400 volts. It may be 
useful to state, however, that such large spheres placed at a distance of 55 feet 
between centers, as contemplated, will influence each other to a considerable ex
tent, increasing their capacities. At this distance the increase will be about 16 
percent, which should be taken into consideration when estimating the charge. 

The desired difference of potential could be obtained with much smaller spheres 
and it would seem preferable to employ them as they would yield sparks in quicker 
succession. Some of the photographs under the terminal pressure of 7,000,000 volts 
are puzzling because the surface density in this case was only a little over 4 
electrostatic units. Furthermore, sparks are shown to pass copiously along the in
sulating supports. This is a serious difficulty encountered in working with very 
high tensions but by properly shaping the under side of the sphere and resting it 
on a support well up in its i~terior, besides providing a liberal side clearance, 
the discharges are prevented from following the column and no further trouble is 
experienced even with the highest potentials. My wireless tower on Long Island, 
erected in 1902, carried a sphere which had a diameter of 67~ feet and was mounted 
in this manner. It was to be charged to 30,000,000 volts by a simple device for 
supplying static electricity and power. 

Most people, and not a few electricians, will think that very long and noisy 
sparks are indicative of great energy, which is far from being the case. An im
pressive display of this kind, at several million volts, can be readily obtained 
with any wide leather or fabric belt in dry weather. The only requirement is that 
the outward surfaces of the highly charged capacity elements be arranged along an 
ideal boundary everywhere of small curvature. But the electrical energy is tri
fling and this applies to all electrostatic generators which have been proposed, 
irrespective of size. 

One does not need be an expert to understand that a device of this kind is not 
a producer of electricity, like a dynamo, but merely a receiver or collector with 
amplifying qualities. All its energy is derived from electricity which is gener
ated through friction or supplied by the sprayer and pumped into the terminals by 
the belts . If the columns were as tall as the Empire State Building and the spheres 
500 feet in diameter the monstrous machine could not have any more energy than is 
supplied to it by the electrified belts and no matter how much improved, this type 
is fatally doomed to small output and low efficiency on account of the existing 
limitations and the wastefulness of the process of conveying the charges from their 
sources to the terminals. 

As the writers of articles regarding the "Colossus" confine themselves to con
trolling its size, voltage and possibilities, but give little hint regarding its 
mode of operation and power performance, I shall endeavor to advance the needed 
knowledge . With this object let it be assumed that the spheres are placed at a 
distance of 55 feet from center to center and that the potential difference between 
them is 10,000,000 volts. Ordinarily, the electric capacity of such a sphere is 
equal to its radius, namely 225 centimeters, but as before explained, 16 percent 
should be added to this , making 261 centimeters equivalent to 0.00029 microfarad . 
Consequently, when the regime is established, each sphere being at a potential of 
5,000,000 volts, the electricity stored on each will be 0.00145 coulomb. If this 
quantity were supplied every second, the current would be 0.00145 ampere. An in
candescent lamp of 25 watts requires a current 150 times more intense. 
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In estimating the amount of electricity furnished to each terminal per second, 
only the sprayer need be considered as it supplies much more than could be generated 
by friction of the belts. The device used has not been clearly described but it is 
sufficient for the purpose of this dissertation to know that it operates at 20,000 
volts and energizes, through rows of points, the two belts which are said to be four 
feet, or 120 centimeters, wide . Assuming that they are run at a speed of 100 feet 
or 3,000 centimeters per second, the area covered in this time interval would be 120 
x 3,000 = 360,000 square centimeters. If it were possible to charge the belts uni
formly to a surface density anything like that existing on an electrified particle, 
the output of the machine would be very great. But this can never be realized. The 
following approximate estimate will show what may be reasonably expected. 

The discharge of electricity from points has been extensively investigated and 
from the data available and my own observations I find that the current through each 
point at 20,000 volts will be about 0.0001655 ampere. No advantage would be gained 
by a very close spacing of the points on account of their mutual reaction but I 
sha ll make allowance for as great a number as seems practicable, say, 200, in which 
case the integral current would be 200 x 0.0001655 = 0.0331 ampere. 

:Now, electricity is transferred from the points to the belt by minute bodily car
riers - the molecules of the air. When such an electrified particle comes in contact 
with a large conducting body it gives up almost all of its charge to the same, but to 
an insulator, as the belt, it can impart only a very small portion owing to the 
strong repulsion between the charge deposited and that remaining on the particle. 
From theoretical considerations it appears that the part usefully applicable will, 
in all probability, not exceed l /150 of the whole charge on any particle thrown a
gainst the belt. The current from the sprayer is 0.0331 ampere, that is to say, it 
conveys a total charge of 0.0331 coulomb per second and of this the belt will carry 
off only 0.00022 coulomb equivalent to a current of 0.00022 ampere. This means that 
99.33 percent of the energy supplied by the sprayer is lost, and illustrates the ap
palling inefficiency of this method of electrification. 

As will be seen, the device delivers to each belt energy at the insignificant 
rate of 4.4 watts and is, therefore, virtually of no effect on the power output of 
the machine except that it imposes a limit to the same . This is important to re
member in view of the general impression created by the earlier reports that all 
energy is drawn from the sprayer. Since the quantity of electricity stored on the 
spheres remains constant it is evident that the overflow current between them under 
normal working conditions must be 0.00022 ampere so that at the potential difference 
of 10,000,000 volts the machine should develop 2200 watts. As the supply from the 
exciter is entirely negligible the questions will be asked: Whence come 
energy and power? How is it produced? The answer is simple. It is derived from 
the belts which perform the work of transporting the charges imparted to them against 
the repulsion exerted by the spheres . This force can be approximately determined . 
The permanent charge on a sphere will be, as shown above, 0.00145 coulomb or 4,350, 
000 electrostatic units. But 16 percent of this quantity is "bound" and should be 
left out of consideration. With due regard to the opening on the underside, the 
free capacity of each terminal may be estimated 222 centimeters, so that at five 
million volts Q = 222 x 5,000,000/300 = 3,700,000 electrostatic units. The moving 
charge will be distributed over a length of the belt about equal to the height of 
the insulating column and with some allowances it may be taken at 24 feet. Assuming 
a belt speed of 6000 feet per minute this distance will be traversed in 0. 24 of a 
second and, consequently the belt charge to be considered is 0.24 of the whole car
ried per second; that is, 0.0000528 coulomb or 158,400 electrostatic units. The up
per end of the charged area is 7~ feet and the lower 31~ feet from the center of the 
sphere. The former is thus r = 225 c.m. and the latter d = 945 c.m. The charged 
area of the belt being 120 x 720 = 86400 c.m., it follows that the density of the 



253 

charge is 158400/86400 = 1.8333 electrostatic units. Accordingly, if the distribu~ 
tion of the charge is perfectly uniform a transversal strip of the belt one cent
imeter long will contain a quantity q = 120 x 1.8333 = 220 e.s.u. 

Considering now a surface element of vanishing length dx~ the charge on the 
same will be qdx = 220 dx e.s. units of quantity and that on the sphere being Q = 
3,7000,000 e.s. units, the repulsive force acting on the surface element at a · dis-
tance x from the center of the sphere, will b~~ dx. Integrating this expression 
between the limits r and d, and substituting the values for Q and q, the force 
repelling the charged side of the belt is found to be -F-= Qg~~-r) =·2,756,420 dynes 
or 2.81093 kilograms. At a speed of 100 feet or 30 meters per second the work is 
84 .. 3279 kilogram meters per second, equivalent to 0.82691 kilowatt. Both belts 
will therefore perform the work of 1.65382 kilowatts. This is 33 percent less than 
the theoretical electrical activity of the machine and as the power developed by 
the belts must be, at least, equal to the electric power one is apt to reach the 
conclusion that the sucking points do not draw off the entire charge~ as has been 
tacitly assumed, and the current, instead of being 0.00022 will be proportionately 
smaller, that is, 0.0001654 ampere. But this view is found untenable for the limit 
to performance is imposed by natural law and not by the defects of a device which. 
moreover, could be readily improved. The discrepancy between the calculated power 
of the belts and the ~electric activity of the machine was all the more puzzling as 
the two quantities could not be harmonized by imagining any kind of theoretical 
working conditions. Finally, however, I recognized that the charge can not be 
uniformly distributed on the belt but must increase from the lower to the upper 
portion. of the same. Indeed, such an effect might have been expected although the 
surface charge on an insulating body is not very mobile . 

Supposing that the belt carried a film of oil meeting with a downward current of 
air . The obvious result would be a thickening of the film toward the top. Similar
ly, the electric film on the belt is 11 thickened" through the repulsion exerted by 
the terminal and the attendant piling up of the charge and it is only so that the 
exact balance between the mechanical and electrical power can be, under all con
ditions, automatically established. (See explanatory note on page 165. ) The 
equality of these two quantities is an absolute and inevitable consequence of the 
law of conservation of energy, the remarkable feature of this process of rlynamo
electric transformation being that it is effected with the highest efficiency, ap
parently without evolution of heat. Of course, there are great losses in the op
eration of the machine, but they do not concern the process itself. 

In an instrument designed primarily for scientific investigation, the efficiency 
is of relatively small importance and I shall dwell on it for the sole purpose of 
showing that in any application as a power producer such a generator would be hope
lessly handicapped . The air friction of the belts at a speed of 30 meters per sec
ond will require about 3.73 kilowatt. With the repulsion work, the load on them 
will be 5.93 kilowatt . Under the working conditions as outlined, the belt drive 
may have an efficiency of 90 percent and the motor 85 percent so that energy will 
be drawn from the electric mains at the rate of 7.75 kilowatt. The net performance 
of the sprayer at 20,000 volts will be 1.324 kilowatt but taking into account the 
efficiency of the whole apparatus, at least 1.6 kilowatt must be assumed. There 
are also dielectric , magnetic, and radiation losses, making the total power input, 
perhaps, 9.5 kilowatt while the output is only 2.2 kilowatt . If this estimate is 
reasonably approximate, an. over-all efficiency of 23 percent is about as high as 
can be expected from any electrostatic generator of this kind. 

It was shown that the charge on each sphere at 5,000,000 volts is 0.00145 cou
lomb but as only 0.00022 coulomb can be furnished per second, it will take about 
6.6 seconds to charge the spheres to the full potential. I have assumed that the 
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current from the sprayer is continuous and not a rectified one, in which case the 
efficiency will be appreciably smaller. The streamers from pointed electrodes are 
generally considered as a sort of corona involving an insignificant loss of energy, 
but this view is erroneous. Such a discharge is very concentrated, approximating 
an arc in intensity, so much, in fact, that the heat evolved sometimes imposes a 
limit to the use of points. 

In the absence of a detailed description, the performance of this sensational 
generator can not be closely determined and the actual results may be different from 
those I have indicated, but not greatly so. While the energy supply may be increas
ed by raising the tension of the sprayer and increasing toe number of the discharg
ing and sucking points, there are limitations in this respect and it is perfectly 
evident that, no matter how big, such a ,contrivance is nothing more than a toy com
pared with the commercial machines employed in the transformation and transmission 
of electrical energy. 

In view of this, and the low efficiency, its application will be confined to sci
entific experiments in which useful results may be achieved either by a feeble work
ing current under high tension or by successive explosions. The latter method seems 
more promising because under proper conditions it is possible to discharge spheres 
in a time interval incomparably shorter than consumed in charging them and so am
plify enormously the intensity of the actions. 

Any device depending on static electr·icity carried by a belt will fail in damp 
weather and will have to be operated in a closed space in which the air is properly 
conditioned. Also, the belts are apt to deteriorate rapidly through the action of 
ozone, nitrous and nitric acid produced by the point discharge . 

Although ·there is nothing radically new involved in the construction and working 
of this high voltage generator, it is, nevertheless, a disti nct advance over its 
predecessors, the result of a scholarly effort towards producing an instrument suit
abl:e for scientific research, I think though, that whatever can be accomplished with 
it by virtue of the continuity of action, can be even better achieved by the use of 
cosmic rays. Moreover, the time consumed in the passage of a charged particle from 
one to the other end of the tube is so brief that it makes practically no difference 
whether the current is direct or alternating. In availing ouselves of the latter we 
are doing away with all the limitations as to voltage and strength of the current 
and, consequently, the intensity of the effects which it is the chief object to 
produce. 

As far back as 1899 I made experiments with 18,000,000 volts and in some tests I 
was able to pass a current of 1100 amperes through the air. With my transformers a 
potential difference of 30,000,000 volts~ or more, could be easily obtained and in 
the present state of the technical arts a tube or other device capable of taking up 
very great energy might be manufactured . I do not say this in disparagement of 
electrostatic generators; on the contrary, I believe that when new ty·pes are devel
oped and sufficiently improved a great future will be assured to them. 

At first thought it might appear that the performance of such a generator could 
be doubled ~Y using the free side of the belt for carrying away electricity of op
posite sign. In this case the repulsion on one side of the belt would be balanced 
by the attraction on the other so that, th~oretically, the spheres could be charged 
without expenditure of power. But this is contrary to fundamental laws of nature 
and it may, therefore, be safely inferred that such a plan would not work. 

Static electricity may be eventually harnessed for driving motors and this pros
pect is attractive on account of the enormous power output of such a machine at 
very high voltages. The efficient generation and control of these is the chief im
pediment in this direction. As an interesting experiment the two units of the gen
erator described might be separated and so an electric drive improvised. It would 
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be operative but i neffi cient . 
While it is quite evident that excepti onally favorable conditions for accurate 

observation will be realized i n this instrument, it is highly probable that the at
tempt s to smash t he atomi c nucleus and t o transmute el ements will yield results of 
doubtful val ue . Certainly , much of the ingenuity and ski ll now devoted to t hese i l 
lusionary tasks might be better employed. The nucl eous i s a neutral body cons i sting 
of ti ghtly packed particles of the same kind whi ch were originally positi ve and neg
ative. When the body is smashed the particles again acqui re their charges, without 
distinction and instantly form neutral pai rs so that we have nothing for our pains. 
It i s folly to expect useful results from transmutation brought about through such 
bombarding of targets. If anything of considerable practical value i s ever achiev
ed in this direction it will be by the use of quasi-intelligent agent causing a sort
ing and regimentation of the particles and their orderly arrangement as required in 
the formation of a new structure. Such a power is possessed by a catalyst and it 
will be eventually harnessed and controlled successfully for all sorts of purposes. 

Author's note: Reference to pages 252, 253 
The required increment of d~nsity can be determined by a simple calculation . At 

the sprayi ng points, due to their constant acti on, there can be no change in the 
val ue 1.8333 found before, but from there on the density will increase and at the 
very top of the charged area it may be 1 .8333 + a . Si nce the law of variation is 
quite immateria l to this argument it may be assumed that the increment i s propor~ 
ti'onate to the distance from the sprayi ng points, expecial ly as this i s most likely 
to be the case. Under such condi t ions , a transversal strip of the belt one centi~ 
meter long and at a distance X from the center of the sphere , wi11 cont ain a charge 
q = 120(1.8333+a ~=~) e.s.u. Hence the repelling force exerted by t he charge Q on 

the terminal wil l be F =J. d Q x 120(1 .8333 + ~=~ d~ Th is integral can be readily 
r x 

solved by expanding and yields the value F = 2756352 + 1088367a dynes . The mechan
i cal work at the normal belt speed of 3000 centimeters per second will, consequently, 
be equiva l en t to W = 0.8269056 + 0.326510la kilowatt seconds and must be equal to 
the el ectri cal work of the machine with an overflow current of 0.00022 ampere under 
a tension of 5,000,000 volts; namely, 1.1 kilowatt seconds for each terminal so that 

1.1 - 0.8269056 0 8364 1 t t t' 't a = 0. 3265101 = . e ec ro-s a 1c un1 s. 

With thi s excess density and distribution of the charge as set forth, the net 
power of both belts, expressed i n electri cal units, will be 2.2 kilowatts which i s 
exactly the performance of t he generator with the overflow current of 0.00022 ampere 
and termi nal tension of 10,000,000 volts. It is evident that just as water finds 
its level so t his balance i s instantly establ ished under all worki ng conditi ons and 
is effected by a varyi ng sl i p of the charge; that i s t o say, by reduction or in
crease of its trans l atory vel ocity according t o t he changes of the l oad. · 



Looking up through one of the insulating 
c olumns of the Van de Graaff generator , 
showing the endless paper belt 
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Another view of t he high- voltage gener
ator. Tracks are provided so that the 
equipment may be rolled into the open 

The Van de Graaff generator , shown housed 
in an aircraft hangar , is discussed by Or . 
Tesla in the accompanying article 
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Engineers attach no importance whatever to static electricity generated by belt 
friction or otherwise. They are apt to dismiss it with the thought that the energy 
is infinitesmal. That is true. A little water pumped through some joint in a big 
low-pressure main is of no consequence, but in a pump designed for an extremely high 
pressure and very small delivery it is all-important. Exactly so in the electrical 
case . The belt or equivalent device is simply a pump capable of forcing the minute 
quantity of electricity produced into a condenser against a pressure and increasing 
the power up to a limit of working capacity of the means employed. Thus mechanical 
energy, in any desired amount, can be transformed into electric energy yielding di
rect and constant currents of many millions of volts . 

Besides it value as an instrument of research, the Van de Graaff generator will 
be helpful in stimulating the interest in this neglected field of science and en
gineering which is of great promise. My comment upon it (Page 132, March, 1934, 
SCIENTIFIC AMERICAN. - Ed.) was based on publications in which the device was de
scribed in its primitive form. No signal improvements were suggested or mention 
made of the classical methods for increasing the output. According to the latest 
report, the normal performance is now 20 kilowatts, from which I infer that the 
belts are run in a medium under pressure exceeding that of the atmosphere. This is 
ev i dent since at 10 kilowatts per unit, the density of the charge on the belt, con
formably to my calculations, must be about 16.66 at the spraying and 24 . 27 at the 
sucking points, which is too high for ordinary conditions. In all probability, an 
absolute pressure of 30 to 35 pounds per square inch is used to prevent leakage of 
the moving charge. This method was first resorted to by Hempel in 1885 and more 
thoroughly investigated by Lehmann in 1891. Other experimenters confirmed these 
early findings and showed that the output of a static generator is proportionate to 
the pressure of the gas in which it is operated. 

A still better way, also known for many years, is to employ a high vacuum for the 
same purpose. Both of these methods have their disadvantages. Compression in
creases proportionately the windage loss, while the vacuum is destructive. The real 
limit, however, is found in the mechanical strength of the belt and even under the 
best conditions the performance of such a machine, considering its size, will be 
small although, by the employment of a Diesel drive, the efficiency might be raised 
to a satisfactory figure. 

The generator, operating with 10,008,000 volts, will accelerate a particle, as 
the electron, to a speed of 3.662 x 10 centimeters, equal to about 0.122 times 
that of light, but if projectiles 1800 times heavier are used, as proposed, their 
striking speed will be only 863 kilometers which is utterly insignificant as com
pared with that of the cosmic rays. 

Nikola Tesla 
New York, February 8, 1934 

Reprinted with permission. Copyright ~ 1934 by Scientific American, Inc. 
All rights reserved. 
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Nett) YoZJk Times 
April 8, 1934, Section X, p. 9, col. 1. 

TESLA SEES EVIDENCE RADIO AND LIGHT ARE SOUND 

An Inventor's Seasoned Ideas 
Nikola Tesla, Pointing to 'Grevious Errors' of the Past, Explains Radio as He Sees 
It at Age of 77 - He Expects Television 
By Orrin E. Dunlap, Jr. 

A tall, lean inventor in a cutaway walked into his skyscraper parlor thirty-three 
floors above the sidewalks of New York, laid his black derby on the table, opened 
the window and then was ready to talk about radio's past, present and future. He 
was Nikola Tesla, the inventor whose discovery of the rotary magnetic field made 
possible the alternating current motor. He described a system of wireless trans
mission of energy in 1892 . 

Seven milestones beyond three-score and ten, this electrical wizard, who came to 
America in 1884, looked back across the years, recalled where theorists often chose 
wrong paths at the crossroads of science and then turned his thoughts to the future 
in which television lurks. 
A Spectacle That Frightens. 

"There is something frightening about the universe when we consider that only our 
senses of sound and sight make it beautiful," said Mr. Tesla as his furrowed brow 
indicated he is puzzled with its destiny. "Just think, the universe is darker than 
the darkest ink; colder than the coldest ice and more silent than a silent tomb with 
all the bodies rushing through it at terrific speeds. What an awe-inspiring pic
ture, isn't it? Yet it is our brain that gives merely a physical impression. Sight 
and sound are the only avenues through which we can perceive it all. Often I have 
wondered if there is a third sense which we have failed to discover. I'm afraid 
not," he said after some hesitation in thought. 

Looking back to the mauve decade, to the turn of the century when the world was 
being thrilled with new ideas and discoveries, Mr. Tesla observes a vast change in 
the art of invention. Man, he finds, in this streamlined era of speed, has little 
chance to think. ------·?Fruits of Seclusion 

The big, modern research laboratories are but the incubators of ideas as he has 
watched them function. Seldom, if ever, he explains, has an original idea of con
sequence been born in an elaborate laboratory. The egg of science is laid in the 
nes t of solitude. True, it may later be incubated, hatched and nursed in the mil
lion dollar laboratory. 

'' It is providential that the youth or man of i nventive mind is not 'blessed' with 
a million dollars," said Mr. Tesla. "He would find it difficult to think. The mind 
is sharper and keener in seclusion and uninterrupted solitude. No big laboratory is 
needed in which to think . Originality thrives in seclusion free of outside influ
ences beating upon us to cripple the creative mind . Be alone, that is the secret of 
invention; be alone, that is when ideas are born. That is why many of the earthly 
miracles have had their genesis in humble surroundings." 

Radio experimenters of this age are following ancient theories, Mr. Tesla believ
es, and he warns that progress will be more rapid when they discard the old and adopt 
the new ideas. His directions for getting on the right track of radio, television 
and sundry other branches of science follow: 
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11 The fascinatiion of the electro-magnetic theory of light, advanced by Maxwell · 
and subsequently experimentally investigated by Hertz, was so great that even now, 
although controverted, the scientific minds are under its sway. This theory sup
posed the existence of a medium which was solid, yet permitted bodies to pass 
through it without resistance; tenuous beyond conception, and yet, according to our 
conceptions of mechanical principles and ages of experience, such a medium was ab
solutely impossible. Nevertheless, light was considered essentialy a phenomenon 
bound up in that kind of a medium; namely, one capable of transmitting transverse 
vibrations like a solid. 
A Question Tesla Asked. 

11 lt is true, 11 said Mr. Tesla, 11 that many scientific minds envisaged the theory 
of a gaseous ether, but it was rejected again and again because in such a medium 
longitudinal waves would be propagated with infinite velocity. Lord Kelvin con
ceived the so-called contractile ether, possessing properties which would result in 
a finite velocity of longitudinal waves. In 1885, however, an academic dissertation 
was published by Prof. De Volson Wood, an American, at a Hoboken institution, which 
dealt with a gaseous ether in which the elasticity, density and specific heat were 
determined with rare academic elegance. But, so far, everything pertaining t o the 
subject was purely theoretical." 

What, then can light be if it is not a transverse vibration? That was the ques
tion he asked himself and set out to f ind the answer . 

"I consider this extremely important," said Mr. Tesla. 11 light canrnot be anything 
else but a longitudinal disturbance in the ether, ·involving alternate compressions 
and rarefactions. In other words, light can be nothing else than a sound wave in 
the ether. 11 

This appears clearly, Mr. Tesla explained, if it is first realized that, there 
being no Maxwellian ether, there can be no transverse oscillation in the medium. 
The Newtonian theory, he believes, i s in error, because it fails entirely in not 
being able to explain how a small candle can project particles with the same speed 
as the blazing sun, which has an immensely higher temperature. 

11 We have made sure by experiment, .. said Mr. Tesla, 11 that light propagates with 
the same velocity irrespective of the character of the source. Such constancy of 
velocity can only be explained by assuming that it is dependent solely on the phys
ical properties of the medium, especially density and elastic force. 
Micro-Wave Possibilities . 

Coming now to the wireless waves, it is still true that they are of the same char
acter as light waves, only they are not transversal but longitudinal. As a matter of 
f ac t, radio transmitters emit nothing else but sound waves in the ether, and i f the 
experts will realize this they will find it very much easier to explain the curious 
observations made in the application of these waves. 

"It being a fact that radio waves are essentially like sound waves in the air, it 
is evident that the shorter the waves the more penetrative they would be. In 1899 
I produced electromagnetic waves from one to two millimeters long and observed their 
actions at a distance. There has been a great hope expressed by various workers 
that introduction of these waves will have a revolutionary effect, but I am not shar
ing the opinion. They will be used, of course, but to a very limited extent. It is 
manifest that applications of the very short waves will not produce any appreciable 
effect upon the wireless art . 
11 Errors 11 Retard Wireless Power. 

What about the possibilities of power transmission by wireless? the inquirer 
asked. 
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Here again Mr. Tesla blames "a strang~e misconception of the experts" and "griev
ous errors" for retarding the idea. He believes that when it is accomplished~ the 
power will travel on long waves. He said he could vouch that the scheme of wire
less power transmission is entirely practical. 

"The application of short waves for power purposes, 11 said Mr. Tesla, 11 involves 
complicated and expensive apparatus for rectification or frequency transformation, 
which would make any serious attempt to carry out a project of this kind much more 
difficult from an econom~cal point of view." 

When will television come around the corner? he was asked. 
••rt ought to be with us soon, and some day it will be on a par of perfection with 

broadcasting of music. 11 Then with a circular sweep of his arm and added, "There 
wi 11 be 1 a rge pictures thrown on the wa 11." 
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Modern Mechanix and Inventions 
July, 1934 

Radio Po<t-uer will Revolutionize 
Testa's World of Tomorrow 
''We arc on the threshold of a gigantic 

revolution,· based on the commercialization 
of the wirel4!ss transmission of powu. 

''Motion pictures will be flashed across 
limitless spacu ••• 

••The same energy (wireless transmission 
of power) will drive airplanes and dirigibles 
from one central base • 

... • • In rocket-propelled machines ••• 
it will be prac:tkable to attain speeds of near· 
ly a mile a second. (3600 m.p.h.} through the 
rarefied medium above the stratosphere. 

" ••• We will be enabled to illuminate the 
whole sky at night ••• Evenrually we will 
ftash power in virtually unlimited amounts to 
planets." 

-Nikola Testa. 

THE world win soon enjo:r the benefits 
of electricity trnnsmillt•tl by radio. 

Hn~c anti expensive transmission lines will 
be unnecessary. Bulky and unsightly dis
tribution systems will be done ~way with. 
A little receiving device in your home will 
give you all the power you can use-nnd 

"for only a fraction of prese nt-<lny costs. 
We· will soon be communicating with 

other planets, where it is entirely possible 
thnt there is civHization far a'heac.l or ours. 

Tomorrow we will sec rocket planes fly
ing through stratosphere at a speed of a 
mile a second or 3600 miles an hour. 

Fnnciful dreams? No! Just conclusions 
bnsed upon knowledge or what has been 
clone, what is being done and whnt c:m be 
done in the future. I speak along practi-

Ni"ola TesJ&, el.ctrical .-iz.ud, forts~•· tht <Clay Wht!n 
airplaa•t will be op~raaed by radio·tranJmitted po"Wer supe 
pli~d by sro .. nd ~otations, a. ~ohowa in the dra"'ia& above. 

<-al lim·s mul wilh :1 ))ntclicnl knowled;.:e 
of what I nm talking nbout. 

Power transmission bv radio is going to 
change our present civ iiization materially. 
The lr:msmission of energy to :motllt·r 
planet is now only a mnlll'r of engiiH'l'r
ing. I hnvc solvctl thl· problem so well I 
no longer regard it as doubtful. I am also 

certain there nr<.- creatures on 
other plan<'ls whosl.' ways nrc 
Jikc om·s. The new era will Sl·c 
amazing dc,·elopments in intcr
planetnry n •lations. 

En·ry other planl'l hns to pas"> 
through the :;amc phast> of l'X

ish.'ncc this earth did, and lik 
is stnrll•d on them during .that 
fnvorahle phase by the• r:1y" of 
some sun. It <lcvdops in llll' 
Pl't•sence of moistun•, heat nn•l 
li~ht in much the same mannt't 
ns Jifp does here. W<' kn(j\\' th~t 
lh:ht pJ·opag<~trs in strnighllinl!'i, 
:md consequently our ;perct'l>
lions of the forms through IIH' 
images projccle1l on the retina 
must hr true. 

By usi na uhu·ihort w~v••· lci•nct b j)ocb to p•ntlr•i~ th~ hu~i,j.J~ by~r. 
or «a,couJ m .. dinm aurroundin~t thf' f'.lrlh . .and •'t.ablish ,,,t.fio com.muni. 
c11ion. with J\.fara and cUhf'r distant pf<~nrct, .u sho-.n in Ut.awine abo\1~. 

Then•forl'. it should not Ia• 
hnrd to <'slahlish intelligent rx
d• :tngl' of idt•as brtwe<'n two 
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the WORLD J'J 
by NIKOLA TESLA 

As told to 
ALFRED ALBELLI 

Who Is T esla? 
Radio Pioneer Nilcola T esla was 

born in Huna:ary, came co the 
United· Scates in 1884 and hat 
tince developed more chan 100 de· 
\'ice. and improvements in elec· 
trical technolo1Jy. 

Once atsociated with the late 
Thomas A. Edison, Tesla sent a 
radio impulse around the world 
almost 40 years aao. He discov· 
ered the rotatinr field principle in 
alternating currents and is con· 
sidered one of the areatHt living 
electrical scientit u and radio au· 
charities. 

pla nets. The etlrth we inhabit 
might be the bcneficiury. It is 
conceintbll.' that there is ci\·ili
zution on other planets far ahc<ul 
of ours. If communica tion could 
lH~ established by the t•arth tht· 

Nikol;a Tetl• is ahown in h i o lab<>ulory "'ith late cype tnerc•ury arc 
re<lifier tube·•· When opet~liaa. u.... cub•• . iva eft • Yiole c ato ... 

ht.'nclits to human ht>inss wouhl he incal
culuble. 

As far back as June, 1900, in discussin~ 
m~· experiments at the beginnin~ of tht.• 
century, I said that my nH·osurt.•ments ancl 
cnlculations. show~d that it wns perfC'ctly 
practicable to produce on on r globe nn 
d ectrical moYemNtt of such magnitutll• 
that, w ithout the sli~hll•s t doubt. its l'fl'ed 
would b e percepti blc on some of oua· 
m•u rer planets, us \ \•nus und )Iars. 

Interplanetary Communication Probable 
Thus, from mere possibili ty, intcrplanc· 

tnry communiculion hns ent(•rcd the singe 
of probability. In fact, that we can pro
duct.• a distinct effect on one of these plan~ 
l'ls in this no\·cl lltllnnl·r . nanu.·t~·. h~· dis
turbing the C'lcc.-tric.-al l'Ontlilion of llw 
cnr th, is beyond any doubt. 

In order to make mysl·lf c.-lenrcr I shnll 
dd\'e sti ll furthl·r into thl· p rclimitwry 
disc.-oYeri cs made in what I c.-:tll m.r pio· 
neering days, which wns Jon!{ IH•foa·c an r 
other scientist h;.i!l llltl<l c any pa·o~n·ss in 
this fil'ld. I ha,·e always chosen to n·mnin 
in the background. 

Some y<·ars ago I urged the <'Xpcrts cn
~n~cd in the commcrci:tl npi,Ii<·nlion o f 
the wireless art to l'lllplor \'l·ry short 
w:wcs, hut for a long t iuw my suggestions 
were n ot hel·cled. E,·cn tually, though. th is 
wns dotu•, and gradually the W<We lengths 
Wl' rc n •cht<"l'cl to IIlii :t few md l·t·s. 

ln\':rriahl\' it was fou nd thai lhl·sc w:l'.'l'S, 

just ns t ho~l' in l lll• air . follow thl' cun·a
tur<' of the e<~rlh nnd hcnd :u·ouncl oil -

stuclcs, a peculiarity cxhihit<'u to n much 
lesser dcgrl'C hy tnmsrcrsc \'ihrations in 
a solid. 

Hccl•nlly, howe\'cr, ultra-short wa ,·es 
hn,·e hCl'll expcrimt.•nted w ith and the· fnc.-t 
tlwt thl·y a lso hn,·c tha t some J>t'OP£•rty 
was hailed as a gn•at cl isCO\'c•·~·. oft't.·rin~ · 
the s tupt·ndous p romise of mnkins w ire
ll·~s transmis~ ion infinitt'ly simpl~r- and 
l'fll'OJl t.'l'. 

It is of i nt('rest to know wlwt wi rcles ... 

1•up ph"'ro .. h..,""~ the fantou• 'rto;;l.l -:di l , u~J h) lrauJ.mic 
~..arly r .h.li\) :.-i~ nJ it. S.:to"". •h~ c"ll in .a('tu.al opet'.aU->n. 
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Rocket Ships to Circle Globe m 5-;} Hours; Night to Change Into Day 

Futur• rod<tl f>l:iftts lridy circle the .:lobe in 
5 'll houH. At 3600 m.p.h., lhc plan, tr.avelo 
•bout 1'9,500 miles. Earth's rotation adds 5500 
milco to total. Ri~:ht, lights directed a~;aiosl 
J:;i.IDI: te~tctou may furnish consccuu dayfia:ht in 
future, if radio-pown projccto prove 1ucccssful. 

oq>erls have expected, knowing that 
waves a few mete1·s long nrc tnmsmittcd 
dear lo the antipodes. Is there any reason 
lhnt they should ibehnvc rnclically differ
ent wl1~n their length is reduced to about 
half of one meter? 

As lhe knowledge or this subject seems 
very limited, I m~y state that even waves 
only one or two millimeters tony, which 
1 produced thirty-four years ago, provide,) 
that tlH~Y carry sufficient energy, can be 
transmille1) around the glol>c. This is not 
so much due to refraction and reflection 
as· to the properti~s of a gaseous medium 
;md certain peculiar action. 

Short Waves Provide Increased Channels 
The chief object of employing very 

~hort waves is to provide an increased 
m.unbcr of channels required. to satisfy 
the ever-growing demand for rndio ap
pli:lllccs. nut this i.'> only because tht• 
transmitting and receiving apparatus, as 
{;encrnlly l'lllployed, is ill-conccivell and 
not well adnplcd for selection. 

Because of this :1n1l other shortcomings, 
J do not attach much irnportm1ce to lht· 
cmploymt:>nt of waves which arc now be
ing experinwntccl with. Besides, I am con
fl•mplalin~ lhc usc of another principk 
which I have discovered and which is 
almost unlimitecJ i:n the numhcr or chan
nels and in the energy three-electrode tubes. 

This invention has been credili:d to 
others, but :ts a mnttcr of fnct it was 
IJrought out h:v me in 1892, the principle 
being trnn~milled. 

II should enable us lo ohtain 111:1ny im-

porlant rcsulls heretofore .considered im
possiblt:>. With the knowledge of the facts 
before me, I do not think it hazardous to 
predict thnt we will be cnal>lt:>d to illumi
nate the whole sky at night ami that 
cventuatly we will flash power in virtually 
unlimited amounts to planets .. 

I would not be surprised at all if an ex
periment to transmit thousands or horse
power to the moon by this new mctho1l 
were made in a f(.•w years from now. \Vc 
must establish transmission or power in 
all its innumer:tblc applications. This has 
been my life work, and although I am now 
close to 78, I unhcsitntingly say that I 
hope to sec its fruition. 

I have bet:>n fortunate in tht:' e\"olntion of 
new ideas, and the thou.ght llwt :1 nnmbl•r 
of them will he remembered hy poskrity 
makes me hnppy indeed. I :un conlidcnt 

(Contillued 011 JUI!Jt' 11i) 

What About Today's Scientists? 
"The scientists from Franklin to l\1oue 

were clear thinkers and did not produce cr
ront>ous theories. The scientists of today 
think de<"ply instead of clearly. One must 
be sane to think clearly, hut one can think 
deeply and b<" quite insane. 

"Today's sci<"ntists have substituted n101the· 
matics for experiments and they wander off 
throu2h <"qu:uion after equ01tion and evPnt· 
u:~lly build 01 structure which has no relation 
to n:ality!• 

-Nikol:~ Tcsl~-
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(Continue<[ {rum ['U~(· ~:! J 

lhnt nl)' rotatin~ tldd nn•l induction motor 
and the win•J(•fis s:ystt•rn I hun· gin•n to the:.• 
world. will lh·e long ufter I h:n·c gone. 

Yon ask me nbout atomic encr~y? [ ex
perimented with the atom, and nchie\'Cd 
similar ends, lon~ heforl' lhl' wan~ of bally
hoo swept over th~ country in rl'ccnt yeurs. 
Thl' id('a of atomic enl'rl-!~· is illusionnrr hut 
it has taken n powerrul hold on the miiHl 
nnd thl'rc nrc still some who hdil'\"e it hl• 
bl' renlizabl('. 

Tetla'•· Vacuum Tube 
I have disinte;:ratcd atoms in my experi

ment$ with a hi~oth potential Ynruum tube 
I brought out in I S96 which I consider Olll' 
of m~· best im·enlions. I hnve otwrat('d it 
with pressures r:\nging from 4,000,000 to 
I 8.000,000 ,·oils. :\IOJ"(' r('c('n ll:r I hnn• dl·
sign('d an nppnrntns for 50,000.0UO mils 
which should prodnc(' mnnr results of grcnt 
scientific import.mc('. 

But as fo atomic ('O('r~y. my ('X[l('rimental 
obs('J"\":tl ions h:J\"C shown that tht' procl·ss 
of disintC'gration is not accomt>:tnit•d hy n 
lihc•·ution of such. cn('rEtr a!'> mi~ht he cx
IICClNI from lh(' pr('Scnl thl•OriC'S. 

And ns for th(' cosmic rny: I called nt
tcntion to this r:ulintion while im·('sli:wting 
Ho<'nl l!cn rt~~'! t~nd tndion~ti\'ilr. In 1899 I 
('rt•ctt•tl a broadc:tstin~ pl:mt at Colorndo 
Sprin~s. the first llind on)~· wireless plant in 
exist(•nce at thut lime, nnd tlu:r(' conllrm('d 
my lht•ory b~· actual ohs('rvation. )[~· find
ings arc in disa;tr(·('m('nl with the th('ories 
more recently ad va nc('d. 

I have satisfied mysdf that the rays are 
not ~cn('ratcd by the formafion of O('W mat
t('r in spacl', a proc<.'ss whkh woul1l he- likl• 
water runnin(.t ltll hill. AC'C'Ordi ng to my oh
s('rvat ions, th('y come from all the suns of 
the unin·rs<.' anrl in such abundance thnt 
the part C'ontrihutt.>d b~· our own sun is \"cry 
i nsign ilkant hy perc('ntnge. Som(' of these 
r:lys :.rc or such t('rriflc power that the~· 
c:1n tra\"('rs(' throu~h thousands of mil('s of 
solid nwtl('r. 

Properties of Solar R:.ys 
The-y ha\·(', furth('rmore, oth<.'r t•xlraor

dinnr~· properti('s .. This ray, which I call 
lh(• JH'imary solnr r uy, ~jy('s rise to a SC'c
ondary radiation by imp;tct af{:tinst the air 
and the cosmic dust scalll•n•d throu :.:h 
spac('. It is now commonlr callc1l the cc)s- j 
ndc ray, au d comes, of eoti•·se. equally f•·om 
all dir('ctions in spnc('. If radiu111 could b <: ·\ 
scn•l'nt'tl clr('cti\·cly against this ray it woul•l 
cC':tse to he- r:uli oa<'lin·. I 

Thl' scicntisto; from F•·nnklin to :\lors~ ' 
were cl<·ar thinkl·rs nn!l did not produc-l~ I 
('rroncous !h('oril's. Tht' Sl'il·ntists of toda~· ; 
thin!• <IN•ply inste-ad of clt•nrly. One lllust 
he san(' to think ciNlrlv. hut one can think 
dC'l'pl~· ani! be quite insant'. 

To1l:l\"'s scientists haYc suhstituted mathc
nwtirs ·ror exprrifll('nts, and they wander 
c,n· th rough ('qualion :-tftl·•· ('qlwtion. ;~nd 

(Conlitm('c/ on prrg,· 118 J 

!': ....................... ........... . 

Add.'"·'•~••••••••••• ••••••••••• 

· The Job You 
Want Means-· 

More Money 
and Greater 

Opportunities 
Accide-nts happen-hut get
ting the good job is not an 
accident and does not · just 

h:1ppcn. It is a combination of 
training -experience -and n 

willingness to use your ability in 
the inte-rests of your employer. 
E\"CIJ' time you npply for a job, you are nsked to 
n1akc out an application stating e~actly wh:1t 
training and experience )rou hoxe to offer. Your 
record automatic!llly decides the question. So 
bnding the job you w:mt is not so much n. ques
tion of whether the emrloyment man:1ger likes 
you personally, but whether your training o.nd 
experience fit you to fill the position satisfactorily. 

Who Will 0. K. You 
for the Job You Want? 

Daily t\'C prt:'scnt the qu:~lifi<'ntions of student" :tnd 
f!rnduntt:'s to O\'er I;JO emplr,yer:t. \\"c ~c:trch out 
opt'niu~:s and 0. I\:. t:lt:' sttlt.l..-nt us h..•in).'( fittcu for th~ 
job-all without cxtr ... c!&nr:;.... liullllr~>ds ha\·o l>ccn 
helped to "ca:;l.t in" on their trninin;. 
Let us help you incZ"C:L"t' your tr:!inin~. :tnd so ~:et you 
ready for the joh :..hc:od. Promotion is n stes>-lw-stl'!) · 
proccs~. nnd :1 re:~son:::;>le emount of extrn truinin,:: will 
win you an incrcnse of pny se,·l)ral tirut's the C<Mt of 
the tr:~iuin~~:. And ::s ~)(In us yo11 nrc re:uly, l\"C shall 
be glad to help you b.:1d ~b\! co,·ctcd position. 
It i~ not an :occitlt'n t :in t "1\"t' 11-trnincd men secure J:•lOO 
pooi tiou~. , \\·nid :~~··!c<"nl3 :llld "play snfc" by 1>1"\"
p:uitll: yoursl'lf to fi:l s:\ti~fn<'torily loi.:hcr-:~adc t \fld 
hl'lter-paid positirms, T :.d;c the fil'.it stCJI tnw:\rd th:tt 
hl'tter-l"'~·i~o~ job hy <'Ll'rkint: :lbfl\"C tioC' ki11J of w·•rl.; 
that intcr<·Sts you, :md !.-L us send you fult in iorwation. 

American School 
Dept. CB21. Druel Ave. at SSt to St., Chlcaco 
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for liARD Sl>llVICE. undc:r eC'Vl'ffi!t roed 
conclltlone or our eland arc! brand Tlr.,...~onslrucled 
by tbe ORIOI:-JAL S ECRF.T YORK PROCESS. 
OUR 11 YEARS Ill llutbl" t ttlllkH It IIO~lble ta 
Olfff tires &t LOWI::ST PRtcCS In bl<tory Witt> 1:1 
monttl sucorantce .. -Don' t Dclay-()rtler ToJq 

BALLOON TIRES 
Size RIM Tire• Tube• Sbe Jtlm Tlr•• Ta.lbe• 

29•~.40·21 $2. IS 50.~:. 30x~.~~~() $2.95 I.IS 
20x4.5!1·20 2.35 0 .85 ;u.s.:ls-21 3.25 1.1s 
30x~.S()..:ll 2.40 0 .85 :lSxS.S0..18 3.35 l.IS 
2Sx4.76-19 2.45 O.OS 2~x5.50-191 3.35 1.15 
29<4.76-20 2.50 0.95 ~flx6.00..18 3.40 l . U 
29xS.OO-I9 2.85 1.05 3hG.00..19 3.40 1. U 
30~5.0()..20 2.85 1.05 J~.t8.00..20 3.45 1.2S 
2Rx.~.25-I8 2.90 1.15 33x~.00-2l 3.65 1.25 
29x5.:!.'>-19 2.95 1.15 3!<~.50..2() 3.75 1.35 

REGULAR CORD TIRES 
~h·:.1 ;tis 10'1.~ ~~~}i j;.3"s Ti':'n 
30xJ)S 2.35 0 .75 33xHi 3.45 l.IS 
3IU 2.!15 O.S5 3hUi 3.4'5 1.1 .~ 
32x-& 2. 95 o.s:; J ox.S 3.65 1.35 
33x4 2.95 0.115 33x.S 3.75 1.45 
3~x-l 3.25 O.SS 3Sx$ 3.SS 1.55 

HEAVY DUTY TRUCK TIRES 
Slae 'ltrM Tube• 

~~~~ ~~~ sg: sgg 
32XG 8ply. Truck 6.SS 2.75 

~l:~ ~~~,.Truck ~::: i:b~ 
3b7 Truck •.95 3.25 
31lx8 Truck 11. 45 3.95 
<lOxS Tr11c;.; 13.~5 4.15 
.5£ND ONLY $1.00 D£POSIT with 
oea~h tire ordnN. (1:-1.()0 •lf>J,oiOflli& oa 

r:;~~~~~ of't\tb Tru~lt Tir•·.) \\'e ehi" balaoce 
~ C.o.D. I>,...lu•·t s per c•rtt if f"llll"h ie 

~~~~~~ ::lJ~ ~t:•J, ~'tuo;~;~T:~~ . .,.~~! 
~~~~~,;~·,,~:i<!':w:atbe• eeniee re 
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HOw To WIN PRIZ:E CONTESTS 
Thi• book can mak~ you 

rich, or at Jt"asr h~lp you make .a good living. The purpo5t> oF. 
this book, •·How to \'Q'in Pri:ze Cont e-.su.'' is t:o help you wln by 
~f'ning forth rhe ben-Xnown principlf's and mrthods. Send 2 ~c ro 
HALDEMAN-JULIUS CO. 8o• 7S7 GIRARD, KANSAS 

Radio Power to Revolutionize World 

(Continued from pt1qe 117) 

t.'\"l!lltunlly bui1d a s tructure which hns no 
rcll1tion to re:tlity. 

I work every hour that I am awake bnl 
not with a feverish tempo. :\lthough I Jive 
in the midst of the hust le ancl bustle of ~ew 
York, I do not time my scientific l'Xpl'ri
ments to the hectic, jazz rhythm of IIH' hys
l~rical mclropoli!;. I work for· the future-
build for the future. Just n:o~ today I sec th~ 
rt>nlizalion of exp<.'rinH.'IIIs c:1rri<.'d on flft)· 
years ngo, 1 mn now workin~ with a ' 'iew 
toward still greater 'achie\"cmcnls which 
will come to pass a half century hcJH'(.'. 

That is my m<.'thod. After <.'Xp<.'ril.'neing 
n dcsir<' to invent n certain thin~. 1 go on 
for dnys, months, e\"en years with the icl<.'a 
in th<.' bnck of my bend. When<.'vcr I fed 
like it, I play around with the prohl<.'lll 
without ~ivin~: it any deliberate <"onsidera
tion. Th1s is the incubation period. 

How Tesla Works 

Next comes th<.' sta~c of dir<.'ct effort. M 
this point the :<~ohtlion is somewh<.'re in my 
subconscious mind, although it may tnkr 
some time before it reaches the level of 
consciousnes:<~. 

As my concciwd device be~ins to tnkr 
form, I make ntl.'nlal <"hangcs in :the con
struction, imprO\'t'mt'nts nrc fil-!llr<'il otJI, 
and I even opcrnte it. Aft of this is pre
liminary work-all in my mind. Whl'n tlw 
mnchinc itself is flnishccl, I s lip my imaui
nar:v job ovl'r it ancl fi_nd the)· coinci1lc 
lo the minull'st detail. · 

A E:reat IIC'\"clopml.'n I can h<' C'Xpr<"IC'd in 
rocket proprllcd machines for purpo'\cs of 
peace :mel war. Wilh such machines it will 
he prncticnbl~ to attain spc("dS of nearly 
n mile a second (3GOO mil~s per hour), 
throu~h tht> rarefied ntl'lfium abon· the 
stratosphl'rc. 

I nnticipal<.' thnl such mnchint•s will ht• 
of tremendous importance in hlt<'rnntioual 
conllicls of the future. I fort'!'>l'~ that in 
tim<.'s not too distant, wars bctwe<•n ,·nriou<s 
eountrit·s '""ill bt' carried on without a 
single combatant passing 0 \'<.'1' the- hordcr. 

Infernal Gas Machines 
At this very liml' it is possible lo con

struct infernal machines whkh will c:~rry 
any desired <JUantity of poison ~ascs and 
explosives, l:nmch lhem against a target 
thousands of miles awny ~md destroy a 
whole city or community. 

If wars nrc nol done> away with, we :-tre 
honncl to come> <.'Ycntually to this kind of 
warfnrl', because it is th~· !nost ~·cono111icnl 
111Cnns of inllicting inj11ry nntl striking tcr
rol· in the hl.'arts of tht> cn<.'my that hns ever 
bcl' ll imagined. 

:\ly pnrnmount <k'>ir<.' today, which guidrs 
me in rvcr)· t hing I do, is an :'lmbition to 
hnrnl'SS tlw forces of n aturtT for the service 
of mankind. As I Sl'C it, Wl' nre on lht 
tlu·esholtl or a gigantic revolution h:t .. cd on 
the conuucrciali~alion of till' win~lcss tr•ms-
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mission of power. The principks for this 
.lun·c been discon•rcd by llll'. 

As this wireless l 'nl'rgy i;; converted into 
n commodity for th(' u .'\C of tht.• nwsst•s, 
transport and transmission will he subject
('d to tremendous chnngcs. :\lotion pictures 
will be flashed across limitlcs5 sp:tccs b~· 
m~· s~·stcm. The same energy will drh·e air
tllancs and dirigibles from one C('ntral bast'. 

In this new era mnn will be uhlc to tran~l 
snfely, nnd at great speed, to uny part of 
tht' world-the jungle-the arctic-the dcs
l'rt-mountnin tops-Cl\'('r oceans. The in
struments by whtch these wondt'rs will be 

. achieved will be nnHlzingJ~· simple. 
The!te things will come to p:tss. Some of 

them arc already \dthin tht' rcnlm of rt'ali
zation. But like those wonders which I prc
dict('d and help('d pt'rfcct nearly fifty ye:u·s 
ago-in the enrl~· 80's-power transmission 
is just around tht' corner. It's coming. 

Todny I r ('pt'at n~nin whnt I snicl to con
temporQrY ~dentists Of those enrlicr pio
llt'cring dnys: 

Tht' scientific man docs not nim nt an im
mt'dinte rt'sult. He docs not CX!l<'Ct that his 
nd,·nn<."ed id.t'ns will bt' rt'ndily tnken up. 
His work is like thnt of tht' plnnt<'r-for tht' 
future. His dutr is to lny the- foundation for 
thos~ ·who are to come. nncl point the wny. 
H~ h\'es and lnhors ttnd hollt's. 

How President Roosevelt Keeps Fit 
(Continu~d from page 65) 

est in the outdoors thnn the present Presi
dent. Before illness robbed him of the full 
use of his Jess he wns an all-nroun1l nthlete, 
enjoying tennis, huntin~. ict'bonting, swim
ming, baseball and football. 

But although the Presidt'nf'~ enormous 
('nergy is ge:trt'd to the produ<.'tion p('ak of 
:1 !>recision-tooled mnchint', he do('s not nl
low his energy to :run nway with him. He 
l•nows when to work and when to rest-a 
lt•.sson brou~ht home to him in force whl'n 
in 1921 paralysis strucl• h im down. l>t'prived 
of the use of both his nnus nncl his lt'gs nnd 
~-:i,·cn scant nid from physit' inns who knew 
n('xt to nothing nbout his clist'asc, Roosevt'lt 
wns forced to work out his own snh·ntion. 
His subsequent ,·ictory wns two-fold: physi
rnl rccoYcry and a basic lmowkdg<: of men
l ui disdpline. 

Today, a great part of the President's 
ht'nlth program is gin•n O\'('r to mentnl rt'
laxation. He is :t grcnt n•ttdt'r. enjoys ll!O\'· 
ing pictures, lil•t's to list<'n to the rndio nnd 
is <'nthusiasfic about music. hoth popular 
and classical tun<'S. 

lndoor snmes are one or the Prt'sidl'nt's 
favorite methods of rel it',·in~ mental IH'l'S
surc. He enjoys rummy, solitaire. hrid~l' anti 
p:tt-chcsi, plnying thl'lll nil with his chnrac
ll•ristic gusto, hut nt'\'t'r worr·rin~ 11hout tlwir 
OUICOIUl'. Til(' Prcsiclcnt is nlso one or Arnel'i· 
<·a's INtdin;:: hohhri .. ts. His stamp coiiN·tion 
i'l no!(>worthr :1nd his group of ship nHHh•ls 
nnd n:wnl paintings nntl lithogn1phs is Olll' 
of the most l·xtcnsin.• in exi~tt>nct-. 

AIR CONDITIONING 
THE NEXT BIG INDUSTRY 

••• 

lb opportullitioa err• Cll,l :big 1Q 
wiater as Ia auauno~. Plumb
lat cuad hoatht9 e!lglaeers 
11nat bow Air Co·ad.itioaiaq 
-tll.o field la lb b~oador a•· 
poets laYIIH aahitiou• mea. 
Write lor iaformatioa oa tla• 
11ow. up.to-the·oaiatate course 
- Air Collditioaiaq aow of· 
Ioree! by tho Iatowaat~oaal 
Correapoadoaco s~Jaoola. • 

INVENTION-a field of 
opportunity for men with ideas 
If you lacn'e cca iavoat!Yo tuna O'f mh•d. I 
lhi• aewlntonsatioDal COITHpondea~• lf( 
Seh6ola Coutu iA ianatlaq nd pat. · 
eating wiU toa~la you crll tho b:~sic ~"'-. 
Jcnowlodgo rou must lacve U. ordor to 
oaru real r.>oney from your talents. 
Tho coupoa will briag full !Dfonncslioa. 

CHEMISTRY-a career of 
service and profit 

No Sold of hwncm ead•a•or offer• qroale~ 
possibilities todGT thaa claemilltry. All 
proqTe&8 i• dependent upon thl. laselnat· 
!Dg sc:ionc:o. And right at ho ... o. In aparo 
time. y ou ccm loam the fundamoatal1 by 
study of tho lntonscstional Corr .. pondollee 
Sclloola modero. course. Today, ask ua for 
complete iDformatioD. Send lor - lnler
estillg boolcl•t- tree. 

RADIO holds great rewards 
for trained men 

Almoat in a decade radio hal looc:Omo a qiaDt 
industry. Tho o;>portunilios crocstod will be 
enjoyed by !:rained mea. Tho lDtemcstional 
Corroaponcle~>ee School• Radio Course, pre• 
pcsrod by leaciiaq c:utboritios cmd CO:\stcmtly 

Q . 
. 

re-riaod. will I:'>C:lce you a trcrinod mcnol A faseina!inq 
book- FREE. Nc:1l tne coupoD. 

~ INTE1111A1'10II~~ COII~EBPOIIOENCE~sCHOOi..Sie::.:S: - . .._ - .. ~. , . . . ... ~ . - . 
Box 2322-X. Scranton. Penna. 

Without ob!iq:.tion. send me full inl.,rmation on 
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Jnvootinq aDd Patenti11q 0 Radio 
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New York Time~;; 
Oct. 21,1934, Sec. IV, p. 5, col. 4,5. 

TRIBUTE TO KING ALEXANDER 

To The Editor of The New York Times: 
Much has been said about Yugoslavia and its people, but many Americans may be 

under a wrong impression for political enemies and agitators have spread the idea 
that its inhabitants belong to different nations animated by mutual hate and held 
together against their will, by a tyrannical power. -The fact is that all Yugoslavs
Serbians; Slavonians, Bosnians, Herzegovinians, Dalmatians, Montenagrins, Croatians 
ans Slovenes - are of the same race, speak the same language and have common na
tional ideals and traditions. 

At the termination of the World War, Alexander brought about a political union 
creating a powerful and resourceful State. This was hailed with joy by all the 
Slavs of the Balkans, but it took time before the people found themselves in the 
new conditions. 
Serbs Did the Fighting. 

I was born in Croatia. The Croatians and Slovenes were never in a position to 
fight for their independence. It was the Serbians who fought the battles for free
dom and the price of liberty was paid in Serbian blood. All true Croatians and 
Slovenes remember that gratefully. They also know that the Serbians have an un
equaled aptitude and experience in warfare and are best qualified to direct the 
forces of the country in a crisis . 

Ever since united Yugoslavia came into being through Alexander's efforts, polit
ical enemies have done all they could to disrupt it by sowing seeds of discord and 
disseminating malicious reports. An instance of the kind is a book by Louis Adamic, 
11The Native's Return, 11 which he is supposed to have written under the provisions of 
the Guggenheim award for literature and in which he indulges in political defama
tion, denunciation of the ruler of the country and promulgation of ideas as unwel
come here as in Yugoslavia. 

His denunciations of the King and reflections on his character can be contemp
tuously passed, but one thing cannot be ignored. The book contains statements rep
resenting the great and fearless man, who has led his people in sanguinary battles, 
as a weakling in mortal fear of assassination, so much so that he retired every 
night to a different room and did not show himself until hundreds of his aides had 
cleared the place and made safe his appearance . This has cut deep into the heart of 
every loyal Yugoslav. 

Dissensions Denied. 
Mr . Adamic is very loud in telling of the hatred and dissensions between Croa

tians and Slovenes and the Serbians, but recent events have disproved his state
ments. The countries, which according to his accounts, should be in open revolt, 
have shown themselves as devoted to the King of Serbia. This has been reflected 
in several reports of The New York Times. among which is the extraordinarily vivid 
and dramatic description of the obsequies. 

The death of the King has shaken the country to its very foundations, but the 
enemies who say that it means the disruption of Yugoslavia will hope in vain, for 
the noble blood of the great m~n has only served to cement its parts more firmly 
and strengthen the national structure. Alexander will live long in the memory of 
his people, a heroic figure of imposing stature, both the Washington and Lincoln of 
the Yugoslavs; like Washington an able and intrepid general who freed his country 
from oppression; like Lincoln a wise and patriotic leader who suffered martyrdom. 

Nikola Tesla, New York, Oct. 19, 1934 
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Nikola Tesla Doubts Link Between Rays and Outburst of Nova Herculis. Inventor Says 
Light and Particles do Not Travel at the Same Speed. 
By Nikola Tesla 

The Herald Tribune of January 20, 1935, contained a report relating to some ob
servations of cosmic rays made by Dr. Werner Ko 1 hoester, d'i rector of the Observatory 
of Potsdam, in connection with the outburst of Nova Herculis (the 11 new" star) noted 
in December of last year . I had intended to offer a few words of comment upon the 
same at that time, but thought it advisable to read first the original statement 
published iri the Supplement of the "Berliner Tageblatt 11 of January 20, 1935, which 
has been forwarded to me through the courtesy of the German Consulate. 

Would Confirm His Theory 
This news item has interested me, as the results announced, if valid, would be 

another confirmation of my theory of cosmic rays advanced in 1896 according to which 
these radiations can only emanate from such vast and incandescent heavenly bodies 
as our sun, placed in an almost perfect vacuum and charged to tremendous potentials, 
sufficient for imparting to minute similarly electrified particles immense speeds 
and energies by electrostatic repulsion . I have proved this theory rigorously by 
experiments and deductions, but had I not done so, it would still be established as 
a scientific truth, for there is no force or effect produced in the universe which, 
even if amplified millions of times, could account for the cosmic phenomena discov
ered by me. 

Now, a Nova, in its phase of greatest brightness and transcending temperature at 
the surface, is a generator of cosmic rays incomparably more powerful than our sun. 
But while this is unquestionably true, the findings of the German radiologist are 
open to serious objections. 

In the first place,. calculation conformable to my theory shows that in order to 
cause an increase in the intensity of the rays of the order found, the surface tem
perature of the star, assuming its distance 1,200 light years, could not have been 
much less than 5,000,000 degrees centigrade. Such a high value is extremely im
probable although in a Nova, in which radiation of heat from the inside is greatly 
facilitated by expansion, the difference in the temperatures of the central and per
ipheral parts may not be very great. 

Then, again, the increase recorded, amounting to about 1 percent of the intensity 
of cosmic rays emitted by our sun, is too small for drawing a reliable conclusion in 
view of the influence of weather conditions and other disturbing causes. It must 
also be borne in mind that the coincidence method adopted is far from being accurate. 

There exists, however, an element of incertitude which in itself is sufficient to 
invalidate completely the results obtained and of which Dr. Kolhoerster does not 
seem to have thought. Light is a wave motion of definite velocity, determined by 
the elastic force and density of the medium. Cosmic rays are particles of matter, 
the speed of which depends on the propelling force and mass and may be much smaller 
or greater than that of light . 
Difference in Speeds 

Consequently, there can be no concordance in the phases of the two disturbances 
at the place of observation. The cosmic rays, generated during the maximum bright
ness of the star, may reach the place many centuries sooner or later than the light, 
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according to their speed. It thus appears that the results announced cannot have 
been due to Nova Herculis . Considering further the briefness and small number of 
star outburts, it is evident that the Novae cannot contribute appreciably to the 
steady rain of cosmic particles pouring upon the earth from the countless suns of 
the universe . 

Det roit Times 
Sept. 22, 1935, p. 3. 

NIKOLA TESLA TELLS HOW HE'D DEFEND ETHIOPIA AGAINST ITALIAN INVASION 

Dense Tropical Growth Will Frustrate Bombs and Gas Hurled from Airplane. 
By Nikola Tesla - World Famous Scientist and Discoverer in the Field of Modern Elec
trical Invention. In an Interview With George Sylvester Viereck. 

"What would you do, if you were Emporer of Ethiopia?" 
This question, addressed to Nikola Tesla, suggested itself to me when I remember

ed the recent announcement by the discoverer of the rotating electric field, that he 
had perfected certain inventions by which the weak could protect themselves against 
the strong. 

These inventions, it was claimed, could destroy whole cities and put an attacking 
fleet of airplanes out of commission at great distance. 

Could these means be employed by Ethiopia to hold off Mussolini? 
I sought out the inventor in a skyscraper hotel, where he ponders over new sci

entific devices. 
Tesla was deeply absorbed in thought, but his sternness melted and his pale face 

was illuminated by an understanding smile. 
"Why do you ask me this question? I bear no ill will against Italians; they have 

brought forth great men in science, literature and art, and supplied workmen and 
artisans who have advanced humanity. 

"This alleviates their contemplated act of piracy. Other nations have done worse. 
· Nations cannot be judged by the same sta.ndards as i ndi vi dua 1 s. 

"If I were the ruler of Ethiopia, I would rigorously utilize every natural ad
vantage of my country to nullify the effectiveness of this superior armament and, 
above all, to prevent him from staging a sensational air-attack, destructive to the 
mora1e of my simple-minded subjects. 
MUST USE THEIR WITS. 

"As a first and absolutely indispensable measure I would order the complete evac
uation of Addis Ababa and all other places of importance without a moment's delay. 
I believe that Haile Selassie already contemplates some such course. 

11 1 would leave no civilians behind in dealing with Mussolini. Though a man of 
genius and culture, t he Duce has a strain of ferocity in his make-up, which appears 
in some of his outbursts . Savagely bent upon avenging the crushing Italian defeat 
at Adowa, Mussolini would command ruthless destruction. 

"I would scatter my people in the thickly wooded regions and tell them that they 
must match with cunning what they lack in might to escape annihilation. 

"Italian air fleets will darken the sky to overawe the population, probably. But 
wili they bomb towns and settlements, deserted and stripped of all things of value? 
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That would be a costly sport. It would incur the scorn and ridicule of the world . 
If my directions were strictly followed, the Italian airman could never find the 
Ethiopian in the tropical underbrush." 

"Knowing that the Ethiopians are hidden there, would the Italians not scatter 
their bombs over their forests?" 

"The noise of bombs hurled from airplanes under such conditions would be entirely 
out of proportion to their destructiveness; they would kill very few people, 11 Tesla 
replied with a laugh. 

"The dense tr:-opical growth is an ideal impediment against gases and bombs and 
greatly reduces the range of such devices. Remember also that Ethiopi a has a sur
face of 350,000 square miles, and a population of only 10,000,000, or, on the av
erage 25 inhabitants per square mile. Even to clean out an insignificant jungle 
requires thousands of ordinary bombs . " 

"But if t lhe Italians resort to poison gas, what then?,. 
POISON GAS CERTAIN TO FAIL. 

"Such attacks must fail. It is a common mistake to disregard the character of 
the terrain in estimating the military value of modern arms. 

"Weapons that could be used with disastrous results in Europe, will prove futile 
in Ethiopia. Poison gas is released by bursting bombs or sprinkled from reservoirs. 
The weight of these gases is insignificant compared with that of the containers and 
accessories required for their transportation. To provide l ,000 cubic feet of gas, 
a plane must carry equipment weighing one ton, and 1,000 cubic feet of gas is no more 
than a drop in a barrel. 

"If I were the King, I would teach my subjects how to render themselves immune to 
poison gas . To explail n the scheme, I must go back to my young days in Yugoslavia. 
As a boy I was very fond of running against the wind and observed that in the summer 
there was a steady breeze from the land covered with vegetation to a desolate re
gion, barren of growth and strewn with rocks. 

"'Why does the wind always blow that way?' I asked my mother . 'Because God has 
willed it so, my boy.• 'But why has God willed it so?' My curiosity was not satis
fied until I acquired some knowledge of physics and mechanics. 

"Then I understood that the bleak region exposed to the direct glare of the sun 
became very hot. The expanded air rose, reducing the static pressure. Then, the 
cooler and denser air from the surrounding country rushed in, to be in turn heated 
and caused to rise. 
PREVAILING WINDS DISPEL GASES. 

"In Ethiopia, where the thermometer registers as much as 140 degrees in the shade, 
the exposed regions attain scorching heat and the ensuing air-current is swift and 
of large volume. 

11Travelers , noting the prevalence of winds, have not attached any significance to 
them. Yet, here lies the salvation of Ethiopia. These winds are of supreme impor
tance in gas war. They dilute the gases very greatly and quickly and at the same 
time supply the vivifying oxygen. 

"If I were Haile Selassie, I would station my subj ects behind natural or artifi
cial barriers sheltering them from the wind. The gas, released in front of them, 
will be rendered innocuous, because it will be carried off by the wind from which 
they are protected. The gas released behind them will be extremely diluted. Stream
ing past the barrier, it will cause littl e harm. 

"Perhaps my suggesting this remedy in my wholly hypothetical role, I may be 
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rendering a service to both compatants. 
11 But the Italians have been preparing long for this war; they may spring sur

prises. It was reported that their chemists have produced a powder which will burn 
the feet of the Ethiopians and put them out of combat. 

"That must be the proposition of a practical joker or an ignoramus. It would not 
be possible to manufacture 1 percent of the powder necessary for this purpose. If a 
limited quantity were sprinkled on the roads and p.athways, the Ethiopians would soon 
find out and beware. 

"In my opinion the Italians will be wise to absta.in from the use· of poison in any 
fonm. The natives could retaliate by poisoning all wells . This kind of warfare 
could not fail to prove a calamity; it would bring about a holocaust among the ani
mals. Their putrifying bodies would bring on pestilence. Water would carry the 
germ-infection far and wide. 

"No, I do not think that the Ethiopians will be in danger from such devices. The 
airplane will be of value only in open battle and for scouting purposes. It is not 
a peril to the Ethiopians. 

11Their greatest peril is their own impetuosity. If they permit th€mselves to be 
detected and enveloped, if they do not confine themselves entirely to guerrilla tac
tics, the Italians will smash them." 

"Have you thought of tanks? How would you meet that menace?" 
"I admit, the task is not easy. The modern tank may be compared to the rhinoce

ros in the days when no bullet could pierce its hide . The heavy armor of the vehicle 
protects it from guns of considerable calibre. 
MERCURIC FULMINATE TO PIERCE TANKS. 

"But this would not discourage me, if I were the Lion of Judah. Under my guid
ance and the pressure of necessity my few mechanical and chemical experts would 
quickly perfect an efficient defense - possibly rifles of large bore, adapted to 
fire charges of mercur ic fulminate. 

"This is an extraordinarily powerful explosive. The extreme suddenness of its 
detonation is such that, even if unconfined, it will punch a hole in a thick steel 
plate. 

"The chief difficulty is to prevent premature explosion of the gun barrel. I 
think this could be overcome by an elastic resistance and slow acceleration, which 
is practicable as the range can be short. 

11The charges exploding in contact with the tank would put the propelling engines 
and machine gun equi pm:ent out of order. My Ethiopians, sallying forth from ambush, 
would do the rest." 

"What will be the outcome of the war - if it comes to pass?" 
11This question is easily answered. The Ethiopians must hide in the day and strike 

in the dark. In doing so, they can prevent the aggressors from achieving the impor
tant military results during the present dry season. When the rain comes again, 
their battle will be half won. 
ITALIANS ALWAYS POOR COLONIZERS. 

11But we are dealing with a hypothesis. I am still convinced that Mussolini will 
not dare to embark upon a large-scale invasion of Ethiopia . The price he must pay 
in equipment and men is too great. He must envisage disastrous consequences to 
Italy, even in case of victory. 

11Should Ethiopia be conquered, it would prove a cancer eating away the substance 
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of Italy. The Italians have never been successful colonizers. 
11 I perceiv~e more and more clearly that Mussolini is making bold gestures to at

tain valuable concessions through the mediation of the Peace Conference. 
11Holding over the heads of the spineless League of Nations, like a sword of Oam

ocles, the threat of another World War more frightful than the first, he has succeed
ed in scaring its members, so that they are making ready to deal unfairly with a 
nation whose only offense is its weakness - a nation that existed before Romulus 
and Remus were born and maintained its independence for over three thousand years. 

"No matter what compromises may be adopted the Ethiopians will rather die than 
surrender their independence; hence, whether the issue be peace or war, there is 
much trouble ahead . " 

Prepared Statement by Nikola Tesla 
July 10, 1937 (Prior to interviews with the press on his 8lst birthday observance.) 

At the close of 1889, .having worked one year in the shops of George Westinghouse, 
Pittsburgh, I experienced so great a longing for resuming my interrupted investi~ 
gations that, notwithstanding a very tempting proposition by him, I left for New 
York to take up my laboratory .work, But owing to pressing demands by several for
eign scientific societies I made a trip to Europe where I lectured before the In
stitution of Electrical Engineers and Royal Institution of London and the Societe 
de Physique in Paris. After this and a brief visit to my home in Yugoslavia I re
turned to this country in 1892 eager to devote myself to the subject of predilection 
on my thoughts : the study of the universe. 

During the succeeding two years of intense concentration I was fortunate enough 
to make two far-reaching discoveries. The first was a dynamic theory of gravity, 
which I have worked out in all details and hope to give to the world very soon. It 
explains the causes of this force and the motions of heavenly bodies under its in
fluence so satisfactorily that it will put an end to idle speculations and false 
conceptions, as that of curved space . According to the relativists, space has a 
tendency to curvature owing to an inherent property or presence of celestial bodies . 
Granting a semblance of reality to this fantastic idea, it is still self-contradic
tory. Every action is accompanied by an equivalent reaction and the effects of the 
latter are directly opposite to those of the former. Supposing that the bodies act 
upon the surrounding space causing curvature of the same, it appears to my simple 
mind that the curved spaces must react on the bodies and, producing the opposite 
effects, straighten out the curves. Since action and reaction are coexistent, it 
follows that the supposed curvature of space is entirely impossible. But even if it 
existed it would not explain the motions of the bodies as observed. Only the exis
tence of a fi e ld of force can account for them and its assumption dispenses with 
space curvature. All literature on this subject is futile and destined to oblivion. 
So are also all attempts to explain the workings of the universe without recognizing 
the existence of the ether and the indispensable function it plays in the phenomena . 

My second discovery was a physical truth of the greatest importance. As I have 
searched the scientific records in more than half dozen languages for a long time 
without findi:ng the least anticipation, I consider myself the original discoverer 
of this truth, which can be expressed by the statement: There is no energy in mat
ter other than that received from the environment. On my 79th birthday I made a 
brief reference to it, but its meaning and significance have become clearer to me 
since then. I applies rigorously to molecules and atoms as well as the largest heav
enly bodies, and to all matter in the universe in any phase of its existence from its 
very formation to its ultimate disintegrat ion. 
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Being perfectly sati sfied that all energy in matter is drawn from the environment, 
it was quite natural that when radioactivity was discovered in 1896 I immediately 
started a search for the external agent which caused it. The existence of radio
activity was positive proof of the existence of external rays. I had previously in
vestigated various terrestrial disturbances affecting wireless circuits but none of 
them or any others emanating from the earth could produce a steady sustained action 
and I was driven to the conclusion that the activating rays were of cosmic origin. 
This fact I announced in my pap,ers on Roentgen rays and Radiati ons contributed to 
the Electrical Review of New York, in 1897. However, as radioactivity was observed 
equally well in other widely separated parts of the world, it was obvious that the 
rays must be impinging on the earth from all directions. Now, of all bodies in the 
Cosmos, our s un was most likely to furnish a clue as to their origin and character. 
Before the electron theory was advanced, I had established that radioactive rays 
consisted of particles of primary matter not further decomposable, and the first 
question to answer was whether the sun is charged to a sufficiently high potential 
to produce the effects noted. This called for a prolonged investigation which cul
minated in my finding that the sun's potential was 216 billions of volts and that 
all such large and hot heavenly bodies emit cosmic rays. Through further solar re
search and observation of Novae this has been proved conclusively, and to deny it 
would be li ke denying the light and heat of the sun. Nevertheless, there are still 
some doubters who prefer to shroud the cosmic rays in deep mystery. I am sure that 
this is not true for there is no place where such a process occurs in this or any 
other universe beyond our ken. 

A few words will be sufficient in support of this contention. The kinetic and 
potentia l energy of a body is the result of motion and determined by the product of 
its ma&s and the square of velocity. Let the mass be reduced , the energy is dimin
ished in the same proportion. If it be reduced to zero the energy is likewise zero 
for any finite velocity. In other words, it is absolutely impossible to convert 
mass i nto energy. It would be different if there were forces in nature capable of 
imparting to a mass infinite velocity. Then the product of zero mass with the 
square of infinite velocity would represent infinite energy. But we know that there 
are no such forces and the idea that mass is convertible into energy is rank non
sense. 

While the origi n and character of the rays observed near the earth's surface are 
suffic iently well ascertained, the so-called cosmic rays observed at great altitudes 
presented a riddle for more than 26 years, chiefly because it was found that they 
increased with altitude at a rapid rate. My investigations have brought out the 
astonishing fact that the effects at high altitudes are of an entirely different 
nature, having no relation whatever to cosmic rays. These are particles of matter 
projected from celestia l bodies at very high temperature and charged to enormous 
electrical potentials. The effects at great elevations, on the other hand, are due 
to waves of extremely small lengths produced by the sun in a certai.n region in the 
atmosphere. This is the discovery which I wi sh to make known. The process involved 
in the generation of the waves is the fo ll owing: The sun projects charged particles 
constituting an electric current which passes through a conducting stratum of the 
atmosphere approximately 10 kilometers thick enveloping the earth. This is a trans 
mission of energy exactly as I illustrated in my experimenta l lectures in which one 
end of a wire is connected to an electric generator of high potential, its other end 
being free. In this case the generator is represented by the sun and the wire by 
the conducting air. The passage of the solar current involves t he transference of 
electric charges from particle to particle with the speed of light, thus resulting 
in the production of extremely short and penetrating waves. As the air stratum men
tioned i s the source of the waves it follows that the so-cal l ed cosmic rays observed 
at great altitudes must increase as this stratum is approached. My researches and 
calculations have brought to light the following facts in t hi s connection: (1) the 
intens ity of the so-called cosmic rays must be greatest in the zenithal portion of 
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atmosphere; (2) the intensity should increase more and more rapidly up to an eleva
tion of about 20 kilometers where the conducting air stratum begins; (3) from there 
on the intensity should fall, first slowly and then more rapidly, to an insignifi
cant value at an altitude of about 30 ki l ometers; (4) the display of high potential 
must occur on the free end of the terrestrial wire, that is to say, on the side 
turned away from the sun. The current from the latter is supplied at a pressure of 
about 216 billion volts and there is a difference of 2 billion volts between the 
illuminated and the dark side of the globe. The energy of this current is so great 
that it readily accounts for the aurora and other phenomena observed in the atmos
phere and at the earth's surface . 

For the time being I must content myself with the announcement of the salient 
facts, but in due course I expect to be able to give more or less accurate techni
cal data relating to all particulars of this discovery. 

To go to another subject, I have devoted much of my time during the year to the 
perfecting of a new small and compact apparatus by which energy in considerable 
amounts can now be flashed through interstellar space to any distance without the 
slightest dispersion. I had in mind to confer with my friend George E. Hale, the 
great astronomer and solar expert, regarding the possible use of this invention in 
connection with his own researches. In the meantime, however, I am expecting to 
put before the Institute of France an accurate description of the devices with data 
and calculations and claim the Pierre Guzman Prize of 100,000 francs for means of 
communication with other worlds, feeling perfectly sure that it will be awarded to 
me. The money, of course, is a trifling consideration, but for the great historical 
honor of being the first to achieve this miracle I would be almost willing to give 
my life. 

My most impar·tant invention from a practical point of view is a new form of tube 
with apparatus for its operation. In 1896 I brought out a high potential targetless 
tube which I operated successfully with potentials up to 4 million volts from •g6 to 
1 98. This device was adopted by many imitators and with slight modifications it is 
employed even now in all research laboratories and scientific institutions here and 
in other countries, and virtually all atomic investigations are carried on with it. 
At a later period I managed to produce very ·much higher potentials up to 18 million 
volts, and then I encountered unsurmountable difficulties which convinced me that it 
was necessary to invent an entirely different form of tube in order to carry out 
successfully certain ideas I had conceived. This task I found far more difficult 
than I had expected, not so much in the construction as in the operation of the 
tube. For many years I was baffled in my efforts, although I made a steady slow 
progress. Finally though, I was rewarded with complete success and I produced a 
tube which it will be hard to improve further. It is of ideal simplicity, not sub
ject to wear and can be operated at any potential, however high, that can be produc
ed. It will carry heavy currents, transform any amount of energy within practical 
limits, and it permits easy control and regulation of the same. I expect that this 
invention, when it becomes known, will be universally adopted in preference to other 
forms of tubes, and that it will be the means of obtaining results undreamed of be
fore. Among others, i t will enable the production of cheap radium substitutes in 
any desired quantity and will be, in general, immensely more effective in the 
smashing of atoms and the transmutation of matter. I am hopeful that it 
will be possible by its use to carry out a process in which there should be no misses 
whatever, but only hits. However, this tube will not open up a way to utilize atomic 
or subatomic energy for power purposes. According to the physical truth I have dis
covered there is no available energy in atomic structure, and even if there were any, 
the input will always greatly exceed the output, precluding profitable, practical 
use of the liberated energy. 

Some papers have reported that I had promised to give a full d2scription of my 
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tube and its accessories on the present occasion. This has caused me a considerable 
annoyance as, owing to some obligations I have undertaken regarding the application 
of the tube for important purposes, I am unable to make a complete disclosure now. 
But as soon as I am relieved of these obligations a technical description of the 
device and of all the apparatus will be given to scientific institutions. 

There is one more discovery which I want to announce at this time, consisting of 
a new method and apparatus for the obtainment of vacua exceeding many times the high
est heretofore realized. I think that as much as one-billionth of a micron can be 
attained. What may be accomplished by means of such vacua is a matter of conjecture, 
but it is obvious that they will make possible the production of much more intense 
effects in electron tubes. My ideas regarding the electron are at variance with 
those generally entertained. I hold that it is a relatively large body carrying a 
surface charge and not an elementary unit. When such an electron leaves an elec
trode of extremely high potential and in very high vacuum, it carries an electro
static charge many times greater than the normal. This may astonish some of those 
who think that the particle has the same charge in the tube and outside of it in the 
air. A beauti f ul and instructive experiment has been contrived by me showing that 
such is not the case, for as soon as the particle gets out into the atmosphere it 
becomes a blazing star owing to the escape of the excess charge. The great quantity 
of electricity stored on the particle is responsible for the difficulties encountered 
in the operation of certain tubes and the rapid deterioration of the same. 
Nikola Tesla 
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(The following articZe has been included in conjunction with the previous prepared 
statement by Nikota Tes ta - Ed.) 

NeM York Times 
July 11, 1937, p. 13, col. 2. 

SENDING OF MESSAGES TO PLANETS PREDICTED BY DR. TESLA ON BIRTHDAY 

Inventor, 81, Talks of Key to Interstellar Transmission and Tube to Produce Radium 
Copiously and Cheaply - Decorated by Yugoslavia and Czechoslovakia. 

. . 
Reports of discoveries by which it will be possible to communicate with the 

planets and to produce radium in unlimited quantity for $1 a pound were announced 
by Dr. Nikola Tesla yesterday at a luncheon on his eighty-first birthday at which 
he was honored with high orders from the Yugoslav and Czechoslovak Governments. 

Or . Tesla, whose discoveries in electrical science have won for him recognition 
as the father of modern methods of generating and distributing electrical energy, 
asserted his "absolute" belief that he would win the Pierre Guzman prize of the 
Institute of France for his dis~overy relating to the instellar transmission of 
energy. 

Following his annual custom, Dr. Tesla played host to a group of newspaper men 
at his birthday luncheon at the Hotel New Yorker and issued the announcement of 
his discoveries of the last year. No apparatus or sketches were shown, but Dr. 
Tesla said in announcing perfection of the principle of a new tube, which he said 
would make it possible to smash the atom and produce cheap radium, that he would 
be able to gi .ve a demonstration in "only a little time." 

Guests at Or. TesTa's luncheon included Constantin Fotitch, Minister from Yugo
slavia; Vladimir Hurban, Minister from Czechoslovakia; R. Petrovich, first secre
tary of the Yugoslav delegation; B. P. Stoyanovitch, Yugoslav Consul General in 
New York; Or. J. Nemeck, counselor of the Czechoslav Legation, and J. Hajny, Act
ing Consul General in New York for Czechoslovakia. 

Presenting to Dr. Tesla the Grand Cordon of the White Eagle, highest order of 
Yugoslavia, Mr. Fotitch announced it was the first time the order had been granted 
to an American for civil accomplishments. The honor was bestowed by order of King 
Peter through the Regent, Prince Paul. 

Dr. Tesla 's career has been an inspiration to the youth of his native country, 
the Minister said . Evidently refer~ing to Or. Tesla's report several years ago of 
inventi ng a "death beam" for use as a defense weapon, the Minister said: 

"All your efforts are directed to find a way , by means of some new magic inven
tion of yours, by which you will check and render futile as much as possible all 
those inventions which men have invented to destroy mutually one another. You 
feel, as we all feel in your old country, that the world has seen enough of horror 
and that after so many examples of heroi sm displayed in the Great War, humanity 
has found a better way only in peace." 

Mr. Hurban, presenting the Grand Cordon of the White Lion, which has been 
granted to such other distinguished Americans as Secretary Kellogg, Elihu Root and 
Dr. Nicholas Murray Butler, said "our Czechoslovak nation's brotherly feeling 
toward you as a son of Yugoslavia made it a duty~ not a privilege, to give you 
this decoration in the name of the president of our nation~ Or. Eduard Benes." 
He also presented a diploma certifying Dr. Tesla's honorary degree as a doctor of 
the University of Prague. 
Outlines His Discoveries 

Or. Tesla, in responding, said he considered Czechoslovakia "one of the most 
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enlightened countries in the world." 
In a ten-page typewritten statement outlining his discoveries, Dr. Tesla gave a 

resume of his work i n the fields of gravity and cosmic rays. Asserting that "the 
so-called cosmic rays observed at great altitudes presented a riddle for more than 
twenty-six years chiefly because it was found that they increased with altitude at 
a rapid rate," Dr. Tesla said he had discovered "the astonishing fact that the 
effects at high altitudes are of an entirely different nature, having no relation 
wh.atever to cosmic rays." 

He gave a detailed technical description of his conclusions from research and 
calculatio~s concerning the cosmic ray, and continued: 

"For the time being, I must content myself with the announcement of the sali
ent facts, but in due course I expect to be able to give more or less accurate 
technical data relating to all particulars of this discovery." 

Digressing from his prepared statement, he said: "I am proud of these discov
eries, because many have denied that I am the original discoverer of the cosmic 
ray. I was fifteen years ahead of other fellows who were asleep. Now no one can 
talke away from me the credit of being the first discoverer of the cosmic ray on 
earth." 

Dr. Tesla•s audience stirred as he took up the next phase of his discoveries. 
"I have devoted much of my time during the year past, .. he said, "to the per

fecti ng of a new small and compact apparatus by which energy in considerable 
amounts can now be flashed through interstellar space to any distance without the 
slightest dispersion." 

To Claim French Award 
Explaining that he did not refer to hi s 11 Universal peace discovery .. Dr. Tesla 

continued. 
"I am expecting to put before the Institute of France an accurate description 

of the devices with data and calculations and claim the Pierre Guzman prize of 
100,000 francs for means of communication with other worlds, feeling perfectly 
sure that it will be awarded to me. The money, of course, i s a trifling consider
ation, but for the great historical honor of being the first to achieve this mir
acle I would be almost willing to give my life. 

"I am just as sure that prize will be awarded to me as if I already had it in 
my pocket. They have got to do it . It means it will be possible to convey sev
eral thousand units of horsepower to other planets, regardless of the distance. 
This discovery of mine will be remembered when everything else I have done is 
covered with dust." 

Reporters questioned Dr. Tesla closely on his report of an interplanetary com
munication system. He said he had been working in several laboratories, but re
fused to disclose where t hey were. Asked if he had a working model of the appar
atus, he said 11 it employs more than three dozen of my inventions, it is a complex 
apparatus, an agglomeration of parts . 11 

11 It is absolutely developed, .. he declared. 11 1 wouldn•t be any surer that I can 
transmit energy 100 miles than I am of the fact that I can transmit energy 
1,000,000 mi les up ... 

A different kind of energy than i s commonly employed must be used, however, he 
said, explaining further that ••you must realize it travels through a channel of 
1 ess than one-half of one-mi 11 i onth of a centimeter ... 

11 ! could undertake a contract to manufacture the apparatus," he asserted. 
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Dr. Tesla declared that .. life on other planets is an infinite probability, a cer
titude ... A difficulty in using his apparatus, he said, would lie in hitting other 
moving planets with uthe needlepoint of tremendous energy,•• but astronomers could 
help solve this problem. 

The point of energy could be aimed at the moon and 11We very easily could see 
the effects, see the splash and the volatilization of matter. 11 He also pictured 
the possibility of advanced thinkers living on other planets and also experiment
ing in this field, but mistaking the Tesla energy rays for some form of cosmic 
rays. 

Dr.Tesla provoked a new stir with his next announcement~ 
11My most important invention from a practical point of view, .. he said, 11 is a 

new form of tube with apparatus for its operation ... 
Reports Tube of New Type 

Recalling experiments with other tubes, he said he had been 11 rewarded with com
plete success and had 11 produced a tube which it wi 11 be hard to improve further. 11 

11 It is of ideal simplicity, .. he said, 11 not subject to wear and can be operated 
at any potential, however high- even 100,000,000 volts- that can be produced. 
It will carry heavy currents, transform any amount of energy within practical lim
its and it permits easy control and regulation of the same. 

11 1 expect that this invention, when it becomes known, will be universally adop
ted in preference to other form of tubes and that it will be the means of obtain
ing results undreamed of before . 

.. Among others, it will enable the production of cheap radium substitutes in any 
desired quantity and will be, in general, immediately more effective in the smash
ing of atoms and the transmutation of matter. However, this tube will not open up 
a way to utilize atomic or subatomic energy for power purposes ... 

11 lt will cheapen radium so, .. Dr. Tesla added, 11 that it will be just a cheap
well, it will get down to $1 a pound, in any quantity . .. 

Expressing 11annoyance11 that some newspapers had indicated he would 11give a full 
description .. of his atom-smashing tube at yesterday's luncheon, Dr. Tesla said he 
was bound by financial obligations "involving vast sums of money .. against releasing 
this information. · 

11 But it is not an experiment ... he declared. 11 1 have built, demonstrated and 
used it. Only a little time will pass before I can give it to the world. 11 

A final discovery announced by Dr. Tesla involved a new method and apparatus 
for further perfection of vacuum tubes . 

.. What may be accomplished by means of such vacua is a matter of conjecture, but 
it is obvious that they will make possible the production of much more intense ef
fects in electron tubes," he said. 

Before and during the luncheon, Dr. Tesla entertained his guests with colorful 
personal reminiscences and observations including his opinions on dieting and 
immortality. 
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DR. TESLA'S HONORS 

To the New York Herald Tribune : 
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I have been a reader of your excellent paper for more than fifty years and feel 
much obliged to you for the pleasure and enlightenment derived from its perusal. 
Many of your admirable editorials are on my files. Under these circumstances it 
is unfortunate that your issue of Sunday, July 11, contained a report very injuri
ous to me. 

The particularly damaging statement is: 11 The decorations made very little im
pression on Dr . Tesla. 'They mean nothing - take them away, • said Dr. Tesla.•• 

I should say that the expression on my face in the photograph accompanying the 
report, would be sufficient to disprove the above assertion. When it became nec
essary to clear the table I was very anxious that the precious objects be placed 
in safe hands and requested my old friend, George Scherff, auditor of the Union 
Sulphur Company, who was one of the honored guests, to take care of them. Moreover, 
as soon as I was free, I cabled· His Royal Highness Prince Regent Paul of Yugoslavia 
and to His Excellency Dr. Eduard Benes, President of Czechoslovakia, expressing my 
profound gratitude for the rare distinctions conferred upon me and my great pride 
of possessing them. It was desireable to show in the photograph the Yugoslav 
Minister handing me the order of the White Eagle but His Excellency Konstantin 
Fotitch, besides being a master in diplomacy, is a man of commanding stature in 
other respects, and he did not insist. However, a more charming dignitary than 
Dr. Vladimir Hurban, Minister of Czechoslovakia, could not be imagined. 

NIKOLA TESLA 
New York, July 24, 1937 
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NikoZa TesZa~ eleatriaal scientist, Felix Frankfurter, of the Harvard Law Sahool, 
and Giovanni Martinelli., Metropolitan Opera tenor, u>ere recipients of au>ards from 
the National Institute of Immigrant Welfare at the Hotel Biltmore, Neu> York City, 
on May Zl, l938. Due to an illness, the foUOlJing letter from Nikola Tesla ws 
read at the presentation. A report of the presentation is given in The Neu> York 
Times, May Z2, Z938, p. 26, aol. Z. 

Mr. Chairman, 
Members of the Institute of Immigrant Welfare, 
Ladies and Gentlemen: 

I can not find words to express adequately my keen regret for being unable to 
receive, in person, the high distinction which the Institute of Immigrant Welfare 
has conferred upon me. Although my recovery from injuries sustained in an auto
mobile accident six months ago is almost complete, I do ·not feel equal to the task 
of appearing in public and meeting the obligations which this would impose upon me. 

My coming to this country was a great adventure - every detail of which is still 
vivid in my memory. Early in 1884, while employed by a French Company in PQris, I 
made important improvements in dynamos and motors and was engaged by the Edison 
interests in New York to design and construct similar machines for them. It had 
been the height of my ambition and my most ardent wish to come in contact with Edi
son and see America. Accordingly, I undertook the voyage and after losing my money 
and tickets and passing through a series of mishaps, including a mutiny in which I 
nearly lost my life, I landed on these blessed shores with four cents in my pocket. 
My first intention was to look up a close American friend before going to the Edison 
establishment. On my way uptown I came to a small machine shop in which the foreman 
was trying to repair an electric machine of European make. He had just given up the 
task as hopeless and I undertook to put it in order without a thought of compensa
tion. It was not easy but I finally had it in perfect running condition. I was 
astonished when he gave me twenty dollars and wished that I had come to America 
years before. The next day I was thrilled to the marrow by meeting Edison who began 
my American education right then and there. I wanted to have my shoes shined, some
thing I considered below my dignity. Edison sa_id: "Tesla, you will shine the shoes 
yourself and like it. He impressed me tremendously. I shined my shoes and liked it. 

I began the work for which I was engaged immediately and after nine months of 
strenuous effort I fulfilled my contract rigorously. The manager had promised me 
fifty thousand dollars but when I demanded payment, he merely laughed. "You are 
still a Parisian," remarked Edison, "when you become a full-fledged American you 
will appreciate an American joke." I felt deeply hurt as I had expected to use the 
money in the development of my alternating system and when some people proposed to 
form a company under my name, I accepted eagerly. Here was the opportunity I had 
vainly sought for years but ~Y new friends were adamant in their resolve not to have 
anything to do with the worthless alternating currents which Edison condemned as 
deadly. They desired an arclight system and I had to comply with their request 
though the delay of my cherished plans was agonizing. In one year of day and night 
application, I managed to perfect the system which was adopted for lighting the city 
and some factor ies in the neighborhood. Then came the hardest blow I ever received. 
Through some local influences, I was forced out of the company losing not only all 
my interest but al so my reputation as engineer and inventor. After that I lived 
through a year of terrible heartaches and bitter tears, my s uffering being intensi
fied by material want. Very often I was compelled to work as a laborer and my high 
education in various branches of science, mechanics and literature seemed to me like 
a mockery. Finally, I had the good fortune of meeting two capable and honest men 
who listened to me and came to my assistance. They organized a company, provided a 
laboratory and gave me a modest but sure financial support. I perfected my motors 
quickly having nothing else to do except to carry out plans I had formed years 
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before. ~1y inventions proved a success and attracted the attention of George We~t
inghouse . He was, in my opinion, the only man on this globe who could take my 
alternating system under the circumstances then existing and win the battle against 
prejudice and money power. He was a pioneer of imposing stature, one of the world's 
true noblemen of whom America may well be proud and to whom humanity owes an immense 
debt of gratitude. 

I have to add that in all my troubles I did not neglect to declare my intention 
of becoming a citizen of this glorious country and in due course I secured my papers 
making me a proud and happy man. 
Nikola Tesla 

Science News Letter 
Oct. 8, 1938~ p. 238. 

Reference to Compass in 13th Century Poem. 
By Nikola Tesla 

Among the oldest references to the mariner's compass is a passage in a poem by a 
little known French writer, Guyot de Provins, who wrote early in the thirteeth cen
tury, I first came upon this reference many years ago, during a period of omnivorous 
reading while I was convalescing from a nearly fatal attack of cholera morbus. 

Among the many books I received there was a large volume of citations, gems of 
literature of all nations in a dozen languages, which aroused my special interest. 
Most of the excerpts from famous works, in verse or prose, collected by the author, 
impressed me so strongJy by their beauty of thought and expression that even now I 
can recite many of them without a miss. 

It was in this volume that I found the reference to the compass mentioned in the 
introduction. It was credited to Guyot de Provins, a French poet of the twelfth 
and thirteenth centuries, and, if my memory serves me well, worded as follows: 

"Quand la mer est obscure et brune 
Qu'on ne voit ni etoile ni lune 
Done font l'aiguille allumer, 
Puis n'ont garde de s'egarer 
Contre l 'etoile va la pointe." 

I translate freely: 
"When gloomy darkness hi des the sea 
And one no star and moon can see 
They turn on the needl e the light, 
Then from the straying they have no fright 
For the needle points to the star." 

As a rule, medieval records do not commend themselves for clarity; in fact, not 
a few are of very small value to the searcher. It is therefore remarkable that 
this ancient reference to the compass should be so strikingly clear and explicit . 

After reading Guyot's verses one is impelled by the wish to know something more 
about him. With this intention I tried to obtain information from the New York 
Public Library but his name was not ~entioned in any of the catalogues. I then made 
a thorough examination of the General Index, which was equally unsuccessful, but 
found a brief notice in the Grande Encycl opedie Francaise. 

This item being of unusual interest I have an English translation: 



282 

Guyot de ProvinsJ French poet, towards 1200. Undoubtedly, after being a minstrel 
and going perhaps to Jerusalem, he became a Benedictine in Clairvaux and later in 
Cluny. He composed between 1203 and 1208, in a style lively and original, but harsh 
and hard, a satirical work consisting of 2691 octosyllabic verses, which he entitled 
"Bible," probably to indicate that he intended to say only what is true, and in 
which he passed in review almost the whole contemporary society. Especially note
worthy is his criticism of the Pppe, expressed with great independence, and that of 
the high clergy and physicians, and a number of passages in which he argues that the 
compass was known in his time. 

Reprinted with permission from SCIENCE NEWS, the weekly news magazine of science, 
copyright 1938 by Science Service, Inc. 

Ne~JJ York Herald 
July 26, 1939 

THE SOVIET SACRIFICE FOR SPAIN 

An Estimate l hat Republic Received Billion and a Half Dollars 
To the New York Herald Tribune: 

Your issue of July 9, 1939, contains an article relating t ·o the seizure of Spanish 
go 1 d by the Soviet government. Another one, de a 1 i ng with th·e same subject, appeared 
in "The Saturday Evening Post" of April 115, 1939. Without entering into a discus
sio·n of the merits of t hese comments upon the question raised, I may ~emark that, 
for obvious reasons, any expression of opinion concerning this matter by Americans 
i s likely to be very unfavorable to the Soviet government, and in the interest of 
common justice it should be weighed without prejudice . What I wish to bring to the 
attention of fair-minded readers is that the articles referred to do not give the 
slightest hint in regard to the chief fact to be ascertained, which had a profound 
bearing on the course decided upon by the Soviets - namely, the sacrifice their 
struggle on behalf of the oppressed party in Spain involved. They fought vigorousJy 
for a cause considered rightful by a large portion of the population, and the own
ership of gold and other property was undecided until the termination of the conflict. 

Everybody knows that modern warfare is desperately expensive, but few will realize 
how costly i t must have been for the Soviet government, under the disadvantages, ob
stacles and handicaps confronting it. I was desirous of making an approximate est
imate of the cost, and with this object in view I gathered all the available data. 
Considering carefully the actual outlays in money, the loss of men, of airplanes, 
guns and other implements of war, ships and munitions, and t he supply of food, oil 
and all kinds of provisions transported from great distance, etc . , I have satisfied 
myself that the Soviet government must have spent, at the very l east $1,500,000,000. 
If this estimate is reasonably accurate, the Spanish gold appropriated amounted to 
about one-third of the cost . Any government would have acted so under similar cir
cumstances. England, France, Germany and Italy are on record with deeds not at a 11 
commendable. What the Soviet government did was perfectly legitimate, in view of 
the preceding events. 

The idea that the boxes brought from Spain were sufficient to cover Red Square 
is absurd. It would mean not five but something like one hundred times that amount 
of gold. The metal always is shipped in ounces and its value determined from the 
prevailing market quotations. 

Through the attitude of England and France the Soviet government found itself 
isolated, and Stalin then made a proposal for non-interference. But Italy and 



283 

Germany paid no attention to it and poured tens of thousands of men into Spain to 
Franco's assistance. Even then Russia was ready to carry on the war. She could 
swallow Italy in a gulp and not suffer dyspepsia, and if Hitler dared to attack her 
he would have been badly defeated and Germany would have become again an empire un
der the Hohenzollern dynasty, probably with the restoration of the status quo ante 
Hitler regime and recreated free Czechoslovakia. England and France being emphat
ically against Russian infuence in Spain, Stalin had to withdraw, but in so doing 
he certainly did not "knife" the Spanish republic. 
NIKOLA TESLA 

New York, July 23, 1939 

My dear Miss Fotitch: 

HOTEL NEW YORKER 
1939 

A STORY OF YOUTH TOLD BY AGE 

DEDICATED TO 
MISS POLA FOTITCH 

BY ITS AUTHOR 
NIKOLA TESLA 

I am forwarding to you the "Calendar of Yugoslavia" of 1939 showing the house 
and community in which I had many joyful and sad experiences and odd adventures and 
in which also, by a coincidence bizarre, I was born. As you may see from the photo
graph on the sheet fo r June, the old-fashioned building is located at the foot of a 
wooded hill called Bogdanic. Adjoining it is a church and behind it a little further 
up a graveyard. Our nearest neighbors were two miles away and in the winter, when 
the snow was six or seven feet deep, our isolation was complete. 

My mother was indefatigable and worked regularly from four o'clock in the morning 
till eleven in the evening. From four to breakfast time, 6 A.M., while others slum
bered, I never closed my eyes but watched my mother with intense pleasure as she 
attended quickly - sometimes running - to her many self-imposed duties . She direc
ted the servants to take care of all domestic animals, milked the cows, performed 
all sorts of labor unassisted, set the table, prepared breakfast for the whole 
household and only when it was ready to be served did the rest of the family get up. 
After breakfast everybody followed by mother's inspiring example. All did their work 
diligently, liked it and so achieved a measure of contentment. But I was the happi
est of them, the fountain of my enjoyment being our magnificent Macak - the finest 
of all cats in the world. I wish that I could give you an adequate idea of the depth 
of affection which existed between me and him. You would look vainly in the myth
ological and historical records for such a case. We simply lived one for the other. 
Wherever I went Macak followed primarily owing to our mutual love and then again 
moved by the desire to protect me. When such a necessity presented itself he would 
rise to twice his normal height~ buckle his back and with the tail as rigid as a 
metal bar and whiskers like steel wires he would give vent to his rage by explosive 
puffs Pfftt! Pfftt! It was a terri fying sight and whatever provoked him, human 
being or animal, beat a hasty retreat. 

In the evening we went through our usual program. I would run from the house 
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along the church and he would rush after me and grab me by the trousers. He tried 
hard to make me believe that he would bite, but the instant his needle sharp inci
sors penetrated the clothing the pressure ceased and their contact with my skin was 
as gentle and tender as that of a butterfly alighting on a petal. He liked best to 
rol l on the grass with me. While we were doing this he bit and clawed and purred 
in rapturous pleasure. He fascinated me so completely that · I too bit and clawed and 
purred . We just could not stop and rolled and rolled and rolled and rolled in a 
delerium of delight. We indulged in this enchanting sport day by day except on 
rainy weather. In respect to water Macak was very fa stidious. He would jump six 
feet to avoid wetting his paws. On such occasions we went into the house and, 
selecting a nice cosy place, abandoned ourselves for each ·other in affectionate em
bracement. Macak was scrupulously clean, had no fleas or bugs whatever, shed no 
hair and showed none of the objectionable traits and habits of cats as I knew them 
later. He was touchingly delicate in signifying his wish to be let out at night 
and scratched the door gently for readmittance. 

Now I must tell you of a strange and unforgettable experience which bore fruit in 
my later lif.e . Our home is about eighteen hundred feet above sea level and in the 
winter we had dry weather as a rule, but sometimes it happened that a warm wind from 
the Adriatic would blow persistently for a long time, melting rapidly the snow, 
flooding the land and causing great loss of property and life. We would then wit
ness the terrifying spectacle of a mighty seething river carrying wreckage and tear
ing down everything moveable in its way. Since I often visualize the events of my 
youth to find relief from great and dangerous mental strain and when I think of the 
scene the roar of the waters fills my ears and I see as vividly as then , their tumul
tuous flow and the mad dance of the wreckage. This leaves me, for a while, sad and 
depressed. But always agreeable are my recollections of winter with its dry cold 
and snow of immaculate white. 

It happened that on the day of my experience we had a cold drier than ever ob
served before. People walking in the snow left a luminous trail behind them and a 
snowball thrown against an obstacle gave a flare of light like a loaf of sugar hit 
with a knife. It was dusk of the evening and I felt impelled to stroke Macak's 
back. Macak's back was a sheet of light and my hand produced a shower of sparks 
loud enough to be heard all over the place. My father was a very learned man, he 
had an answer for every question. But this phenomenon was new even to him. Well, 
he finally remarked, this is nothing but electricity, the same thing you see on the 
trees in a storm. My mother seemed alarmed. Stop playing with the cat, she said, 
he might start a fire. I was thinking abstractedly. Is nature a gigantic cat? 
If so, who strokes its back? It can only be God, I concluded. You may know that 
Pascal was an extraordinarily precocious child who attracted attention before he 
reached the age of six years. But here I was, only three years old, and already 
philosophising! 

I can not exaggerate the effect of this marvellous sight on my childish imagin
ation. Day after day I asked myself what is electricity and found no answer. Eigbty 
years have gone by since and I still ask the same question, unable to answer it. 
Some pseudo scientist of whom there are only too many may tell you that he can, 
but do not believe him. If any of them knew what it is I would also know and the 
chances are better than any of them for my laboratory and practical experiences are 
more extensive and my life covers three generations of scientific research. 

M.v childhood in Macak's delightful company and undying friendship ·would have pas
sed blissfully if I did not have a powerful enemy, relentless and irreconcilable. 
This was our gander, a monstrous ugly brute, with a neck of an ostrich, mouth of a 
crocodile and a pair of cunning eyes radiating intelligence and understanding like 
the human. 1 aroused his ire by throwing pebbles at him, a most foolish and reck
less act which I bitterly regretted afterwards. I liked to feed our pigeons, 
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chickens, and other fowl, take one or the other under my arm and hug and pet it. 
But the brute would not let me . The moment I entered the poultry yard he would 
attack me and as I fled grab me by the seat of my trousers and shake me viciously. 
When I finally managed to free myself and run away he would flap his huge wings in 
glee and raise an unholy chatter in which all the geese joined. When I grew up two 
aunts of mine used to tell me how I answered certain questions they asked. One was 
Aunt Veva who had two protruding teeth like the tusks of an elephant. She loved me 
passionately and buried them deep in my cheek in kissing me . I cried out from pain 
but she thought it was from pleasure and dug them in still deeper. Nevertheless I 
preferred her to the other aunt whose name has slipped from my memory and she used 
to glue her lips to mine and suck and suck until by frantic efforts I managed to 
free myself gasping for breath. These two aunts amused themselves by asking me all 
sorts of questions of which I remember a few. Are you afraid of Luka Bogi6? No! 
Luka always carried a gun and threatened to shoot. He robbed other boys of pennies 
and gave them to me. Are you afraid of the cow? No! That was one of our cows and 
very nice until one day I slid from a fence on her back for a ride when she made off 
with me bellowing and threw me. I was none the worse for the experience. Are you 
afraid of the bad wolf? No! No! This was the wolf I met in the woods near the 
church. He was looking at me fixedly and approaching slowly. I shouted as usual 
when a wolf is around and he trotted away slowly. My present visualization of this 
scene is astonishingly sharp and clear. After a number of such questions one of 
the aunts asked me; Are you afraid of the gander? Yes! Yes! I replied emphati
cally, I am afraid of the gander! I had good reason to be. One summer day my 
mother had given me a rather cold bath and put me out for a sun warming in Adam's 
attire. When she stepped in the house the gander espied me and charged. The brute 
knew where it would hurt most and seized me by the nape almost pulling out the rem
nant of· my umbilical cord. My mother, who came in time to prevent further injury, 
said to me: "You must know that you can not make peace with a gander or a cock whom 
you have taunted. They will fight you as long as they live." But now and then I 
would play in the poultry yard to my heart's content for on certain days our geese, 
led by the gander, rose high in the air and flew down to the meadow and brook where 
they sported like swans in the water and probably found some food. I would then 
feed and pet the pigeons, the poultry and our grand resplendant cock who liked me. 
In the evening the gander brought back his flock who made a few turns above the 
house and then came down with a deafening noise. The sight of the flying geese was 
a joy and inspiration to see. 
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MECHANICAL THERAPY 
by 

NIKOLA TESLA 
(No Date) 

In order to convey a clear idea of the significance and revolutionary character 
of this discovery it is indispensable to make a brief statement regarding ELECTRICAL 
THERAPY. 

Fifty years ago, while investigating high frequency currents developed by me at 
that time, I observed that they produced certain physiological effects offering new 
and great possibilities in medical treatment. My first announcement spread like 
fire and experiments were undertaken by a host of experts here and in other coun
tries. When a famous French physician, Dr. D'Arsonval, declared that he had made 
the same discovery, a heated controversy relative to priority was started. The 
French, eager to honor their countryman, made him a member of the Academy, ignoring 
entirely my earlier publication. Resolved to take steps for vindicating my claim, 
I went to Paris, where I met Dr. D'Arsonval. His personal charm disarmed me com
pletely and I abandoned my intention, content to rest on the record. It shows that 
my disclosure antedated his and also · that he used my apparatus in his demonstrations. 
The final judgment is left to posterity. 

Since the beginning, the growth of the new art and industry has been phenomenal, 
some manufacturers turning out daily hundreds of sets. Many millions are now in 
use throughout the world. The currents f urnished by them have proved an ideal tonic 
for the human nerve system. They promote heart action and digestion, induce health
ful sleep, rid the skin of destructive exudations and cure colds and fever by the 
warmth they create . They vivify atrophied or paralyzed parts of the body, allay all 
kinds of suffering and save annually thousands of lives. Leaders in the profession 
have assured me that I have done more for humanity by this medical treatment than by 
all my other discoveries and inventions. Be that as it may, I feel certain that the 
MECHANICAL THERAPY, which I am about to give to the world, will be of incomparably 
greater benefit. Its discovery was made accidentally under the following circum
stances. 

I had installed at the laboratory, 35 South Fifth Avenue, one of my mechanical 
oscillators with the object of using it in the exact determination of various phy
sical constants. The machine was bolted in vertical position to a platform sup
ported on elastic cushions and, ·when operated by compressed air, performed minute 
oscillations absolutey isochronous, that is to say, consuming rigorously equal in
tervals of time. So perfect was its functioning in this respect that clocks driven 
by it indicated the hour with astronomical precision. One day, as I was making 
some observations, I stepped on the platform and the vibrations imparted to it by 
the machine were transmitted to my body. The sensation experienced was as strange 
as agreeable, and I asked my assistants to try. They did so and were mystified 
and pleased like myself. But a few minutes later some of us, who had stayed longer 
on the platform, felt an unspeakable and pressing necessity which had to be prompt
ly satisfied, and then a stupendous truth dawned upon me. Evidently, these iso
chronous rapid oscillations stimulated powerfully the peristaltic movements which 
propel the food-stuffs through the alimentary channels. A means was thus provided 
whereby their contents can be perfectly regulated and controlled at will, and with
out the use of drugs, specific remedies or internal applications whatever. 

When I began to practice with my assistants MECHANICAL THERAPY we used to finish 
our meals quickly and rush back to the laboratory. We suffered from dyspepsia and 
various stomach troubles, biliousness, constipation, flatulence and other distur
bances, all natural results of such irregular habit. But after only a week of 
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application, during which I improved the technique and my assistants learned how to 
take the treatment to their best advantage, all those forms of sickness disappeared 
as by enchantment and for nearly four years, while the machine was in use, we were 
all in excellent health. I cured a number of people, among them my great friend 
Mark Twain whose books saved my life. He came to the laboratory in the worst shape 
suffering from a variety of distressing and dangerous ailments but in less than two 
months he regained his old vigor and ability of enjoying life to the fullest extent. 
Shortly after, a great calamity befell me: my laboratory was destroyed by fire. Noth
ing was insured and the loss of priceless apparatus and records gave me a terrific 
shock from which I did not recover for several years. The enforced discontinuance 
of MECHANICAL THERAPY also caused me deep regret. I ·had evolved a wonderful remedy 
for ills of inestimable value to mankind and invented apparatus offering unbounded 
commercial possibilities but when I came to consider practical introduction I real
ized that it was entirely unsuitable. It was big, heavy and noisy, called for a 
continuous supply of oil, part of which was discharged in the room as fine spray; 
it consumed considerable power and required a number of objectionable accessories. 
During the succeeding years I made great improvements and finally evolved a design 
which leaves nothing to be desired. The machine will be very small and light, op
erate noiselessly without any lubricant, consume a trifling amount of energy and 
will be, to my knowledge, the most beautiful device ever put on the market. The 
intention is to exhibit it in action at the occasion of my annual reception in honor 
of the Press which has been, unfortunately, delayed this year, and I anticipate that 
it will elicit great interest and receive wide publicity. Unless I am grossly mis
tak-en it will be introduced very extensively and, eventually, there will be one in 
every household. 

The practical application of MECHANICAL THERAPY through my oscillators will pro
foundly affect human life. By insuring perfect regularity of evacuations the body 
will function better in every respect and life will become ever so much safer and 
more enjoyable. One of the most important results will be the great reduction -
amounting possibly to seventy-five per cent - in the number of heart failures, which 
are mostly caused by some acute upset of the digestive process and normal operation 
of the stomach . Another vital improvement will be derived from the quickened re
moval of toxic excretions of organs affected by disesse. It is reasonable to expect 
that through this and other healthful actions ulcers and similar internal lesions or 
absesses will be cured and relief might be obtained even in case of a cancer or 
other malignant growth . Skilled physicians and surgeons will be able to perform 
veritable miracles with such oscillations. They stimulate strongly the liver, 
spleen, kidneys, bladder and other organs and by these desirable actions they must 
contribute not a little to well being. Persons suffering from anemia of any form 
will be especially helped by the treatment. But the greatest benefit will be de
rived from it by women who will be able to reduce without the usual tantalizing ab
stinence, privation, sacrifice of time and money and torture they have to endure. 
They will improve much in appearance, acquire clear eyes and complexions and it may 
be safely predicted that long continued treatment will bring forth feminine beauty 
never seen before. It is not to be forgotten that the elimination of countless 
drugs, patent medicines and specific remedies of all kinds taken internally, by 
which millions of people doom themselves to an early grave, will be of untold good 
to humanity. 

Courtesy of Nikola Tesla Papers, Rare Book and Manuscript Library, 
Columbia University. 
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THE NEW TESLA ELECTRIC HEATER - by Nikola Tesla 

(No Oat~) 

STRICTLY CONFIDENTIAL 

This device is greatly superior to the usual flat core type in efficiency and 
other respects. It consists of a thin polished metal tube acting as reflector and 
a base equipped with switch and connecting terminals and carrying spaced resistor 
wires concentric with the tube and at a certain distance from the inner surface of 
the same. In this arrangement the diffuse radiation i s virtually eliminated, and 
the heater operates as if the resistor were not present, the rays being projected 
from the reflector radially to the central or focal region occupied by the boiling 
pot. 

The principal advantages thus secured are the following: 
1. A very high efficiency, as much as 96% being attainable. 
2. The efficiency is practically the same whether the pot is large or small 

since the d·ensity of the rays is inversely as the diameter of the vessel. 
3. Due to these features the current consumption i s hardly more than half of 

that in the best heaters of the type referred to. 
4. The resistor has a relatively much longer life and can be made to last 

almost indefinitely in some cases . Also less wire can be used if desired. 
5. The heat being largely confined to the range, the kitchen remains compara

tively cool: 
6. Another practical advantage is greater safety from a variety of accidents 

frequently occurring with ordinary ranges. 
7. The new heater is especially adapted for use on shipboard, Pullman cars, 

aerial vehicles and automobiles. 
8. Likewise, it is suitable for all kinds of service on the table, being free 

from the objections of the present type. 
9. It saves considerable time in certain applications. 
10. Owin·g to simplicity, the cost of manufacturing is low. 

This material courtesy of Nikola Tesla Papers, 
Rare Book and Manuscript Library, Columbia University. 

·. 
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TESLA'S NEW SYSTEM OF FLUID PROPULSION - by Nikola Tes la 
(No Date) 

In subduing the forces of Nature to his service man must invariably avail him
self of some process in which a fluid acts as carrier of energy, this being an 
essential step in any industrial undertaking dependent on mechanical power. Evi
dently then, a discovery or radical departure in that domain must be of extreme 
importance and far-reaching influence on the existing conditions and phases of 
modern life. 

Fluid propulsion is now effected by means of pistons, vanes or blades, which en
tail complexity of construction and impose many limitations on the propelling as 
well as propelled mechanism and its performance. Tesla has dispensed with these 
devices and produced machines of extraordinary simplicity which, moreover, are in 
many other repects superior to the old types universally employed. A few words 
will be sufficient to convey a clear idea of his invention . 

Every fluid, as water or air, possesses two salient properties: adhesion and 
viscosity. Owing to the first it i s attracted and clings to a metallic surface; 
by virtue of the second it resists the separation of its own particles . As an in
evitable consequence a certain amount of fluid is dragged along by a body propelled 
through it; conversely, if a body be placed in a fluid in motion it is impelled in 
the direction of movement. The practical forms of Tesla's apparatus consist of 
flat, circular disks, with central openings, mounted on a shaft and enclosed in a 
casing provided with ports at the peripheral and central portions, when deriving 
energy from any kind of fluid it is admitted at the periphery and escapes at the 
centre; .when, on the contrary, the fluid is to be energized, it enters in the centre 
and is expelled at the periphery. In either case it traverses the interstices be
tween the disks in a spiral path, power being derived from, or imparted to it, by 
purely molecular action . In this novel manner the heat energy of steam or explosive 
mixtures can be transformed with high economy into mechanical effort; motion trans
mitted from one shaft to another without solid connection; vessels may be propelled 
with great speed; water raised or air compressed; an almost perfect vacuum can be 
attained, substances frozen and gases liquefied. 

While this improvement has the broadness and applicability of a fundamental mech
anical concept, the widest field for its commercial exploitation is, obviously, the 
thermodynamic conversion of energy. 

The commercial value of a prime mover is determined py its efficiency, specific 
performance relative to weight and space occupied, cheapness of manufacture, safety 
and reliability of operation, adaptability to construction in large units, capabil
ity of running at high peripheral velocity, reversibility, and a number of other 
features of lesser importance. In the majority of these a machine, operating on the 
new principle, excels. But there is one quality which is most desirable in a 
thermo-dynamic transformer from the economic point of view, and that is great resist
ance to deterioration and impairment of efficiency by heat. 

The employment of high temperature is of such vital bearing on the efficiency of 
prime movers that it is of paramount importance to extend the thermal range as far 
as practicable. In the present state of the art radical progress towards more eco
nomlical transformation of the energy of fuel can only be achieved in that direction . 
Such being the case, the capability of the machi ne to withstand deteriorating ef
fects of great heat is the controlling factor in determining its commercial value. 
In that most desired quality the Tesla turbine surpasses all the older types of heat 
motors. The Diesel and other internal combustion engines are fatally limited in 
this respect by their complete dependence on closely fitting sliding joints and un
failing supply of clean lubricant; while in the present forms of turbi ne buckets, 
blades and inherent mechanical deficiencies impose similar ~estrictions. These 
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parts are too delicate and perishable to serve as elements of a gas turbine and 
this has been the main obstacle in the way of its successful realization. The ro
tor of the T·esla turbine presents a relatively enormous active area and the wear is 
quite insignificant as the fluid, instead of striking against the propelling organs 
in the usual destructive manner, flows parallel with the same, imparting its momen
tum by adhesion and viscosity instead of impact. Moreover, it has been shown that 
the efficiency of this form of rotor is not impaired to any appreciable degree by a 
roughening of the disks and that it operates satisfactorily even if the working 
medium is corrosive to an extent. 

The universal· adoption of steam as motive power under certain standard condi
tions, settled upon in the course of time, gradually forced upon the minds of en
gineers the Rankine Cycle Efficiency as criterion of perfonmance and long continued 
endeavors to improve the same have finally resulted in complex multistage construc
tions entirely unsuitable for high temperatures. The Tesla turbine, by virtue of 
its exceptional heat-resisting and 9ther unique properties, makes possible the at
tainment of 9reat fuel economy with but a single stage, incidentally offering the 
additional advantages of an extremely simple, small, compact, and realiable mech
anism. But perhaps the chief commercial value of this new prime mover will be 
found in the fact that it can be operated with the cheapest grade of crude oil, 
colloidal fuel, or powdered coal, containing considerable quantities of grit , sul
phur and other impurities, thus enabling vast sums of money to be saved annually 
in the production of power from fuel . 

The Tesla turbine also lends itself to use in conjunction with other types, es
pecially with the Parsons with which it forms an ideal combination. Although its 
practical introduction has been delayed by the force of circumstances, a number of 
years have been spent in exhaustive investigations and experiments on the basis of 
which the performance in any given case can be closely calculated. The first pub
lic tests were made before the outbreak of the war at the Waterside Station of the 
New York Edison Company where several machines, ranging from 100 to 5000 h.p . , were 
installed and operated with satisfactory results. That the invention was appre
ciated by the technical profession may be seen from the excerpts of statements by 
experts and periodicals printed on the annexed page. 

The salient advantages of the Tesla turbine may be summed up as follows : 
EFFICIENCY: The most economical of the present prime movers is the Diesel engine. 
But, quite apart of many practical and coiTJJlercial drawbacks, inseparable from this 
type, it is entirely dependent on comparatively expensive oil, so that the Tesla 
Gas Turbine, working with much cheaper fuel, would have the better in competition 
even if its ·efficiency as a thermodynamic transformer were appreciably lower, all 
the more so in view ·of its greater mechanical perfection. 

Referring to turbines, all of which are surpassed by the Parsons in economy as 
well as extent of use, definite limits have already been reached and the only pos
sibilities of saving fuel exist in the employment of steam at very high superheat 
and utilization of gas or oil as motive fuel. But none of the prime movers men
tioned is adapted for such operation and although every effort has been made in this 
direction, no signal success has been achieved. The superheat is at most 2500 F, 
this being considered the maximum permissible. All attempts to considerably extend 
the thermal range have failed chiefly because of the inability of bucket structures 
to withstand the action of intense heat. The Tesla Turbine can operate quite sat
isfactorily with the motive agent at very high temperature and, owing to this qual
ity, lends itself exceedingly well tc these purposes. 
SPECIFIC PERFORMANCE: In this particular it is superior to all other forms. Each 
disk is v1rtually the equivalent of a whole bucket wheel, and as many of them take 
up but a small width the output of the machine, considering its weight and size, is 
surprisingly great . This, while not being a measure of efficiency, is nevertheless 
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a feature of considerable importance in many instances. 
CHEAPNESS OF MANUFACTURE: The new turbine can be produced without a single machined 
part except the shaft, all the disks being punched and the casing pressed. By this 
method, with proper machinery installed on a large scale, the cost of production may 
be reduced to a figure never deemed possible in the construction of an engine. What 
is more, this can be done without material sacrifice of efficiency as small clear
ances are not essentially required. 
SAFETY AND RELIABILITY OF OPERATION: There is an ever present danger in the running 
of high speed machines. A bucket turbine may at any_moment run away and wreck the 
plant. Such accidents have happened again and again and this peril has often proved 
to be a deterrent to investment. A remarkable quality of this turbine is its com
plete safety. As regards the wear and tear of the propelling organs it is signifi
cant and, in any event, of no consequence on the performance. 
ADAPTABILITY TO CONSTRUCTION IN LARGE UNITS: In all the present machi nes there is 
a distinct limit to capacity, for although large units can be manufactured, they are 

_ very costly and difficult to manage. The new turbine is so simple and the output so 
large that the limits in this direction can be greatly extended. 
RESISTANCE TO DETERIORATION BY HEAT AND OTHER AGENTS: In this feature it has an 
overwhelming advantage over the old type in which the maintenance of smooth surfaces 
and sharp edges is indispensable to efficient working. In the Tesla turbine, for 
the reasons already stated, the destructive actions of heat and corrosive agents are 
much less pronounced and of relatively negligible effect. This fact has a most im
portant bearing on the saving of fuel. 

CAPABILITY OF RUNNING AT HIGH PERIPHERAL SPEED: In this respect also it is superior 
to others. The rotating structure carries no load and is excellently adapted to 
withstand tensile stresses. Judging from the most recent turbine practice this 
quality should be of special value. 
REVERSIBILITY: The present turbines are greatly handicapped by their incapability 
of reversal which is a very serious defect in certain applications, as the propulsion 
of vessels, necessitating the employment of auxiliary turbines which detracts from 
the propulsive power and adds materially to the cost of production and maintenance 
of the equipment. The Tesla turbine has the unique property of being reversible; not 
only this but it operates with the same efficiency in either direction. For marine 
purposes it therefore constitutes an ideal motor whether used alone or in conjunc
tion with older types. 

Besides the above it possesses other desireable features, constructive and opera
tive, which will add to its value and adaptability to many industrial and commercial 
uses as , railroading, marine navigation, aerial propulsion, generation of electric
ity, refrigeration, operation of trucks and automobiles, hydraulic gearing, agri
culture, irrigation , mining and similar purposes. 
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EXPRESSIONS OF OPINION ON THE TESLA TURBINE 

C. B. Richards, Professor Emeritus of Mechanics, Yale University: 
"I am amazed at the development of power given by the turbine and 
stunned by the exhibit. 11 

F. Sargent, Chief Engineer and Turbine Expert: 
"I am impressed with the newness and novelty of the underlying prin
ciple of this invention. It is such as will claim the attention and 
admiration of anyone of a scientific turn of mind in a mechanical 
direction ... 

Reynold Janney, Chief Engineer, Universal Transmisssion Co.: 
"It is a great invention." 

Brigadier Allen of the War Department: 
"Something new in the world. Officers are greatly impressed with it." 

Miller Reese Hutchinson, Chief Engineer: 
"It is the greatest invention of the age. 11 

Arnold Trinyi, Chief Engineer, Oelfeurungs-Gesellschaft, Germany: 
"The ideal of the turbine engine." 

B. R. T. Colline (Power Plant Economist) : 
11 It is a wonderful turbine. 11 

The Motor World: 
11The new principle unquestionably is a great contribution to science 
and engineering, great in its simplicity and breadth of application." 

Scientific American: 
"Considered from the mechanical standpoint, the turbine is astonish
ingly simple and economical in construction, should prove to possess 
such a durability and freedom from wear and breakdown as to place it, 
in these respects, far in advance of any type of steam or gas motor 
of the present day." 

Engineering Magazine: 
"An entirely new form of prime mover with interesting possibilities." 

Technical World Magazine: 
"The Tesla Turbine is the apotheosis of simplicity. It is so violently 
opposed to all precedent that it seems unbelievable ... 

From Numerous Articles and Comments: 
"The turbine is different in principle to any heretofore in use and 
one which will take less room and less coal that the best engine now 
running" . .. 11Turbine of revolutionary design" ... "Improvement 
in dynamics which promises revolutionary results" ... "Results seem 
revolutionary to the point of staggering the imagination" . . . "This 
motor will revolutionize the turbine industry ..... "Wonderful motor. 
Extraordinary mechanical principle" . . . etc., etc. 

This material courtesy of Nikola Tesla Papers, Rare Book and Manuscript Library, 
Columbia University. 
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